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Abstract

The student behavior research conduct is the fundamental factor that
straightforwardly influences the aftereffect of the examination. Thus, there
are research teams from all over the world working on the studies to find
some key correlation factors between study results and study behavior. This
research applied the use of Beacon, one of the newest I0T technologies to
obtain real-time information from the users. Then, collect the data on the
cloud storage server (Google Firebase). After that, the data cleansing was
done to purely confirm the originality of the collected data. The final process
Is to find a correlation of the user movement patterns and the study results.
As a result, we found that the comfortable research participants (students)
got a high performance on their full semester study results. However, we
cannot extremely interpret the research findings due to various technology
limitations at this moment (2019-2020). Moreover, the key design of our
research methods might need some further improvements to gather very

clear input data and obtain a significant research finding in the future.

Keywords: Student Behaviors, Beacon, 10T, Academic Profile, Movement

Patterns
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Chapter 1
Description about presentation research for request
research’s fund (Project Details)

1.1 Background and Significance of the Study

Few years ago, Number of students that registered in university or high
school was significantly decreasing. One cause and important factor is
Thailand is completely going to be an aging society, which is clearly seen
from the current number of students in high school is decreasing. Which is a
trend contrast with growth and development of information technology.
Therefore, this research has the target to use the Internet of Things (loT) that
helps increase the efficiency to control anything more easily for development
to a system that can be used as a chance to collect individual student data
and analyze student behavior patterns while in the institution. That includes
information to develop into an intelligent model for analyzing and predicting
the behavior of students to allow teachers and institutions control behavior
of students which will affect learning. Including help to see trends of problems
that may happen to prevent or solve faster, that allows the institution to

maintain quality of education more easily.



1.2 Research Objectives

There are two objectives in this project:
1) To develop an loT solution to collect data of the movement pattern
(behaviors and interactions).
2) To find how a student's movement pattern affects academic
performance.
Fig. 1 shows the hypothesis model of this research project for collecting and
analyzing the data. The two aspects of student’s behaviors are focused in
this research. One is a student's behavior pattern of using a facility, the other
Is a student's interaction pattern when using a facility. Considering a
student's academic performance, GPA is applied to be the criteria to find out
the relationship between a student's movement pattern and academic

performance. [1]

( 3\ ‘ )
. . ::; Academic
Student's behavior
performance
N , ~ 3/
» Pattern of using a facility . GPA

» Pattern of meeting others

Fig. 1. Hypothesis model of this research project



Chapter 2

Related Research

Student’s attendance behavior is a main factor that directly affects the
result of study, so institutes of different countries have conducted many
researches on collecting student’s behavior data by applying various loT
technology and then analyze the collected data to discover the hidden facts.
[1]

Radio Frequency ldentification or RFID [2] is a technology which is
using radio waves to identify tagged items. This technique became popular
and also has been used in many kinds of work. There are many genres of
RFID, in this case we focus on active and passive RFID. Active RFID is a
battery-powered tag that connects to various access points so it provides a
long battery life and much longer read range than passive RFID tag. Passive
RFID is a tag without an internal power source and uses the power which
the electromagnetic energy transmitted from an RFID reader instead, this
kind of RFID is commonly used more than active because of its lower cost.
RFID system consists of the important components such as transponder and
transceiver. Transponder is generally known as tag which has a microchip
to store tagged item data and has an antenna to transmit the data about
tagged item to the transceiver. Transceiver or reader is a device that
communicates with tags and reads data on them through radio signals. RFID
tags can divide into 3 types. [3] First type is “read only” so it cannot rewrite
the identification, next type is called “WORM” (write once read many) which
can program on it but without the ability to rewrite or rewritable, lastly,

‘Read/Write” tag that can read and rewrite the information many times so



this tag is widely used. From the abilities of RFID technology [4], RFID has
been utilized in many industries. In libraries, they used RFID to create a
security system which provides secure facilities and safety for librarians and
also protects the library resources. Moreover, department stores used the
RFID technology to make a smart shopping system by integrating RFID
readers into shopping carts and all of the items are tagged with unique RFID
tags which will help customers to checkout items faster and to track
purchases in real-time. The supervised machine learning is also
implemented for human activity recognition to analyze human interaction
with products. These are some examples of RFID technology which made
many fields of work more easily, convenient and productive.

Silva F, Filipe V, Pereira A. “Automatic control of students’ attendance
in classrooms using RFID.” 3rd International Conference on Systems and
Networks Communications, 2008. [5] This research discusses the
development of time attendance systems by using RFID technology to
reduce the difficulty of instructors in recording student’s attendance behavior.
The highlight of this research is that RFID reader devices are used to send
data through an Ethernet connection (LAN) and it can work with power
supply via Ethernet connection (POE, Power Over Ethernet) as well as
database development for students record.

“‘Leveraging RFID Technology for Intelligent Classroom.” Procedia
Computer Science, 2017. [6] This research has targeted to apply RFID
technology for realizing intelligent classrooms by installing a high frequency
RFID reader which has a wide reading distance at the center of the
classroom to check the student’s attendance behavior. And by installing a
low frequency RFID reader in front of the classroom, identity of the instructor

can be verified. This research has reduced the difficulty for the instructor to



administer the classroom by automatically recording student’s behavior with
loT solutions which have longer reading distance than traditional RFID
technology with low frequency.

NFC stands for Near Field Communication [7] which is the short-range
wireless communication technology. NFC can be seen as the development
of RFID technology. NFC technology is a combination of interconnection and
RFID technologies. Even though the RFID and NFC use radio frequencies
to communicate and also use the same standard of work, they still have the
differences. The differences between NFC and RFID [8] are the distance
range for data exchange and the types of mobile interaction method. NFC
has a shorter transmission range when compared with RFID so this provided
a naturally secure for NFC transaction and extremely reduced
eavesdropping problem. For the operating modes, RFID readers can only
read or write a predefined tag but NFC devices have 3 different modes. The
first mobile interaction method according to the interaction in RFID systems,
also known as “Reader/Writer” mode, the NFC mobile device begins the data
transfer by sending a signal to the tag. Then, the tag responds and sends
the data back to the mobile device. The second alternative is the direct
communication between two NFC mobile devices, this mode called “Peer-
to-Peer”. Finally, the NFC device performs as a smart card or tag so the
information on NFC devices can be read when it touches the device on an
NFC reader. We call this kind of mode “Card Emulation”. Two basic
components of NFC are initiator and target. The initiator looks like the reader
in RFID and the target is the tag, similarly. Two types of NFC are active and
passive. In active NFC, it can send and receive data using its own field of
radio frequency. On the other hand, passive NFC can only send data through

NFC when tap on the active NFC. The NFC technology has been used in



various tasks and related to us. One thing that we utilize in daily life is a
mobile phone. The NFC in our mobile phones gives us an easy life, high
security, and also efficiency with integrating all services such as payment,
navigation, and healthcare into one single phone. Because of the
advantages of NFC technology which made the developers try to implement
this technology to their works for improving better performance.

Bluetooth Low Energy (BLE) [9] Beacon technology is one of the
newest, fastest growing hardware technologies suitable for low transmission
power and short data communication. Beacon is a small device that is used
to transmit some information, for instance, the beacon’s location, MAC
Address or device’s unique information, at a specific time interval and
frequency that randomly change between 40 channels with range from 10 —
30 meters. It can send notifications or messages when it is approached by a
scanner (smartphone). After the signal has been detected by nearby smart
devices, the signal will give its ID number to the device. The smart device
then sends that ID number to the cloud server. Then, the server checks what
action is assigned to that ID number and responds to the smart device, for
example, a merchant could have placed the beacon device close to a
discounted item in the store and configure the server to alert the customer
for discount when the customer is approaching the beacon. Apple and
Google have developed and introduced their own application for beacon
profiles, which are iBeacon and Eddystone. iBeacon [10] was the first profile
that was introduced by Apple which is implementation of BLE beacon
technology within iOS7 and later. After that, Google has launched their open
protocol BLE profile which is Eddystone to compete with iBeacon of Apple.
Difference from iBeacon is Eddystone gives more flexibility in the production

of contextual information, as it does not require a completely independent



mobile application to communicate with the beacon. Furthermore, iBeacon
can separate type of information by analyzing UUID, Major numbers and
Minor numbers that are unique numbers assigned in each beacon, while
Eddystone is separate information’s type using UID, namespace and
Instance, similar to iBeacon, but Eddystone can change data format between
URL and TLM (Beacon’s data). The Beacons have several usages. In a
library, a customer receives basic information about the book in the
smartphone application. And also, in health care applications that use BLE
to monitor blood pressure and send user biological status to the smartphone.
Although the main keys of BLE Beacon technology are low power
consumption and quick implementation of hardware, its disadvantages are it
requires devices that are able to receive BLE signal and limitations to trust
and security.

From the examples of research in the above, it can be seen that the
use of loT solutions to develop a system that helps record the behavior of
students is actually widely applied in many educational institutions.
Therefore, in this research project, the operational team aims to design and
develop an loT system to collect data of student’s behavior in the campus.
After collecting data of student’s behavior, behavioral factors for student’s
academic performance are planned to be discussed.

Furthermore, there are many previous researches focused on finding
out the factors that can affect a student's academic performance. Jovanovic,
Milos, et al. “Using data mining on student behavior and cognitive style data
for improving e-learning systems: [11] a case study”. International Journal of
Computational Intelligence Systems, 2012. This research discussed how to
improve E-learning teaching quality by using data mining on data of student’s

behavior. The data included attendance time, attendance frequency for



indicating a student's individual learning style. The highlight of this research
Is that information about student's behavior can be used to create a model
for analyzing a student's learning style and finding appropriate teaching
methods. However, the method of collecting student data is still a traditional
method which asks students to fill in questionnaires. However, the data is
not collected real time correlated with student’s actual behavior.

In our research, an IoT system based on Bluetooth beacon technology
is designed and developed to collect data of student’s behavior of using
facilities in the campus. Moreover, the relationship between student’s
behavior patterns and academic performance is discussed.

Factors influencing human behavior
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Fig. 2. Factors influencing human behavior [20]

There are many theories in human behavior that seeks to explain the
factors that influence or determine human pro environmental behavior. As
can be seen from the figure 2 above, all the factors that influence individual

environmental behavior can be classified into 4 main factors; Cultural, Social,



Personal and Psychological. In order for individuals to act and undertake
environmental behavior, they need to feel a personal sense of responsibility
towards the environmental threats and issues. One of the greatest barriers
in encouraging environmental behaviors in individuals is diffusion of
responsibility. Diffusion of responsibility is the sense that someone else will
do something about the problem or issue. It is concluded that the
performance of human is being strongly influenced by Motivation,
Perception, Learning, Beliefs and attitudes, cultural and environmental

factors affecting the institution.
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Chapter 3
Research Methodology

4 ™,
Develop loT system Install the
system
~ ,f
h
) s
Collect data }—»{ Analyze data

.y .

Fig. 3.1 Flow of conducting the project. (by Authors)

There are three steps for conducting this project as shown in fig. 2.

1. Design and install an loT system for collecting data of student’s

behavior when using facilities in the university.

2. Testing RFID (Radio Frequency ldentification) and BEACON

3. Collect data for preparing to analyze.
4. Analyze the data to find how student’s behavior affects academic

performance.
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An architecture concept of IoT solution to collect data of the movement pattern
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Fig. 3.2 An architecture concept of 1oT solution to collect data of the movement pattern

(by Authors)

The diagram presents the methodology that we used to monitor the behaviors of
students at TNI. The beacon sensor solution is made up for acquiring information and a
cloud service that provides visualization of that information (see Figure 3.2).

The BLE Beacon is a device that identifies the location of the user by connecting
the BLE Beacon to the Line Application. When a mobile phone installs Line beacon and
its users into the service station that has installed the BLE Beacon, the Line beacon will
receive a signal from the BLE Beacon, which in turn will send a signal to the Web Server.
This will send information that identifies the User and the Service Station. When the Web
Server receives the signal, it will send the data back to the Line Application in the form of
an alert.

The feature of the beacon sensor used is that the device can collect data on
whether people are present (using infrared), with data transfer by Bluetooth Low Energy
(BLE), a low-power communication mode of the Bluetooth* wireless communication
technology. Used in conjunction with BLE beacons, the sensors can identify individuals
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and objects and track their movements in real time. The positioning accuracy is in the
range of 1 to 2 m when installed on the ceiling at 3-m intervals to form a mesh
configuration.

Using BLE beacons to show people’'s movements not only indicates their location
in real time but can also be used to display alerts when they enter particular areas or to
track their past movements.

A strength of the solution is that it can consolidate this information across a number
of different areas and building in university to provide institution with the ability to analyze

what is happening over a wider area than ever before.

Table 3.1 Operational approach

2019 2020
Detail

4 5 6 7 8 9 10 | 11 12 1 2 g
1. loT system Design and

X X X X
Development
2. Database system
Design and X X X X
Development
3. Data Collecting X X X X X X
4. Data Analytic System

X X X X X X

Development
5. Data Analytics X X X X X
6. Publish Research X X X X X
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7. Present Project X X X X X

The research into the design of the movement pattern using the 10T to

collect the digital footprint was conducted by reviewing documents, the literature and

related research. The research was conducted in three phases as follows:

Phase I: Design of a concept of 10T solution for monitoring student of the

movement pattern using the 10T to collect the movement.

Phase II: Design of the movement pattern using the 10T to collect the movement.

The research instruments for this phase were:
1) Relevant actors (Participants)
2) loT process diagram, (see Figure 3.2).
3) The evaluation metrics of the designed system.

Phase lll: The evaluation of the 10T (BLE beacons) to collect the movement by

using data analytics.




Table 3.2 User Profile Database

Description Data Format Example
Field Data Field
Name Type Size
Beacon User | Unique number ID for Integer NNNNNN 6 U333ecc614
ID all users d7lab6ced4
438ee0d7cb
802
Number of Number Integer NNNNNN 6 81
Participants
Student Code| Student Code String - 25 1913310163
Subject Subject String - 10 MSC-112
Grade mark | Grade mark Integer NNNNNN 6 80
Grade point | Grade point String - 3 A
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Chapter 4
Results and Discussion

Technology-wise, RFID has been around for a while. The first uses of
Radio Frequency Identification are from the second World War, when it was
used as a method of identifying incoming aero planes. The benefits of RFID
chips, as a method of information storage and identification, are many. It has
been publicly acclaimed that the RFID chip will eventually replace the bar
code, as it can store more data on a product and it does not need a clear
line-of-sight to be read. For example, products tagged with RFID in a
cardboard box can be read with a hand held RFID reader without having to
open the box at all. Ultimately, the best benefits of RFID are to be withessed
in logistics, with the reading capabilities allowing for much faster logistics
operations and better transparency reducing the time factor. All-in-all, a
much better grasp of the product flow can be achieved tracking products at
an individual level from the manufacturing point to the store shelf
streamlining processes in an international

From our first purpose of research,

4.1 The development of lIoT system for Students’ Behavior
Tracking using BLE Technology

According to our literature review, there are many technologies that
can be used for the localization. As shown in fig. 4.1, Most IoT based
localization systems appear to have a similar architecture which consisted of
4 main part:

1) Communication

2) Tracker device

3) Node/Gateway device
4) Database
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Fig. 4.1 General architecture of IoT based localization system [15]

There are 2 main reasons for choosing BLE technology over many
other technologies:

1) Price — With BLE technology, the tracker device can be as simple as
a normal smartphone and there are many inexpensive programmable
0T devices in the market that can be used as a node device of the
system.

2) Usability — Compared with most technologies that required a carry-on
tracker device for every student, while only requiring each student to
have a smartphone.

Considering the advantage of each technology, we proposed a new
system which is based on Bluetooth Low Energy (BLE) and Internet of
Things (loT) for the purpose of students’ behavior tracking. The database of
the system was designed and implemented by the Firebase Realtime
Database from Google which is a NoSQL Database. Fig. 4.2 shows the

diagram of the proposed system.
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Fig. 4.2 Diagram of the proposed IoT system (by Authors)

The proposed system was designed and implemented using Line
services platform called “Line Beacon” which is the one of several services
from Line that can provide special messages sending functions to users on
LINE Application via official account or LINE chat bot that have beacon
devices (Bluetooth Low Energy Transmitters).

Inside TNI, most students are having smartphones with themselves all
day when they stay on campus. Thus, LINE Beacon services are used to
detect student's behavior by using Bluetooth Low Energy (BLE) devices
which are Iinstalled at several locations around the institute for
communication with students’ smartphones within a proximity range. Fig. 4.3
shows a system diagram of LINE beacon official services, which is separated
into 4 modules.

The first module is BLE devices, the RuuviTag is utilized, which
simultaneously emitted the signal in defined frequencies with configurable
transmission power and intervals. The BLE can be detected by smart devices
such as smartphones or devices, which can receive the Bluetooth signals.

For smartphones, Bluetooth function needs to be turned on.
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Line Chat Bot Service

—HReply Messages

Reply Messages

L J

Bluetooth Low
Eenergy : BLE —Acknowledge Massages—™
(Ruuvi)

User's Line Mobile

Applicaiton —Acknowledge Messages—» Line Server

Fig. 4.3 An acknowledge message interacting with Bluetooth Low Energy Devices
(Beacon) (by Authors)

For the background application services, LINE Beacon services [16]
are applied into the system. On the other hand, Students must add the official
LINE account, which is created by the administrator. These methods are
included into a user's LINE Mobile Application module. In addition, the BLE

has to compile the device ID, which is generated by a LINE beacon service.

4.2 Locations for installation of Bluetooth Low Energy (BLE)

device

In order to cover the main area of TNI, the Bluetooth Low Energy (BLE)

devices are planned to be installed at several locations as shown in fig. 4.4.
There are totally 6 BLE devices installed the area:

e The BLE Node 1 and Node 2 were installed at the B201&B401

e The BLE Node 3 installed at the 1st floor of B Building which is a
cafeteria.

e The BLE Node 4 located at the Cafeteria of E Building
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e The BLE Node 5 located at The Cafeteria of D Building.
e The BLE Node 6 installed at the library.

loT Node (1&2) ’ loT Node (5)

‘E‘ Node (6”
- ===\
\  loT Node (4)

s |

loT Node (3)

===

A

Fig. 4.4 The location expected to be installed in the area of Thai-Nichi

Institute of Technology

As shown in fig.4.2 the proposed system was designed to store the
data of each student in Firebase which is NoSQL. As a result, the actual data
collected from the system was shown in table 4.1 which can be seen that the

preprocessing data (raw data) are comprised of:

e Log id which is a generate id from the firebase

e HW _id which is the BLE Node id

e Timestamp which is a special format of date and time, e.g.,
1591654068 means 06/08/2020 10:07pm

e User_id which is the id that represent each student in this system

After the raw data were collected, the data will be cleansed and

transformed into a usable form of data as shown in table 4.2.



Table 4.1 Example of preprocessing data from the IoT system

Log_id HW_id timestamp User_id
-LvG3jNVaClXuaLiRaa 01350d9fb9 1575465712868  |U333ecc614d71abbeed4438ee0d7cbB02
-LvG3p_OSJKILLYBnibU 01350d3f9c 1575465738458  [U333ecc614d71abbeed4438ee0d7ch802
-LvG3pblCBFWuEgWOcemb  [01350d9fb9 1575465738644 U333ecc614d71ab6ee44438ee0d7cb802
-LvGAW|SPaxew5i6Z-3z 01350d9fb9 1575467492120  {U333ecc614d71abbeed4438ee0d7cbB02
-LvGBIPb9tMOWa-eKhzT  |01350d9%fb9 1575467695644 U333ecct14d71abbeed4438ee0d7cb802

Table 4.2 Example of processed data from the IoT system

Log_id Location Date User_id
Cafeteria
1 vG3jNVaClXualilRaa 12/4/2019 13:21 U333ecc614d71abbced4438ee0d7ch802
@B Bldg

-LvG3p_O0OSJKILLYEnibU

Teacher Office

12/4/2019 13:22

U333ecc614d71abbced44438ee0d7cb802

Cafeteria

-LvG3pblCBFWuEgWOcmb 12/4/201913:22 U333eccb14d71abbced4438ee0d7chB802
@B Bldg
Cafeteria

A vGAW|SPaxew5i67/-3z 12/4/2019 13:51 U333ecc614d71abbced4438ee0d7chB802
@B Bldg
Cafeteria

-LvGBIPb9tMOWa-eKhzT

@B Bldg

12/4/2019 13:54

U333ecc614d71abbced44438ee0d7cb802
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It can be seen that after the process of cleansing and transforming the
data, we still use the User _id instead of the student id or actual name of each
student in order to protect the privacy of the student. The data result collected

using the proposed system is shown in fig. 4.5.

160

14

I
=]

120
100
80
&0

40

20
H = _

B201 B404 Cafeteria@B Bldg Cafeteria@D Library Teacher Office
Bldg

Fig. 4.5 Frequency distribution of facility used from December 2019 — March 2020

Table 4.3 Tracking Data from the 10T system

Beacon User_id p:rtlli::r:zz:i:;s Student_Code Subject Grade mark Grade point
g:gbsgz;rgss%cé?smswa?e 1 591210182 loT 71.4 B
;J:ffzzig‘;gg?%kba”es 1003 591210265 loT 67.2 Cc+
gﬁ:gggfj;’;fggosafﬁgdb 6 591238027 loT 73 B
e v wae 3 601210131 loT 926 B+
ot LF, 71 601210263 loT 622 c+
gfigggjf:’?sre%m“efza 2071 601210537 loT o7 A
%gfgfggsocfmmgsmcw 1 601210636 loT 91 B+




Table 4.3 Tracking Data from the 10T system (cont.)
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Number of

Beacon User_id participations Student_Code Subject Grade mark | Grade point
;’825;??55:;;‘3 8ab214990 76 601210651 loT 85.4 B+
g;;;gjbsgfzaaomszeom , 501210874 U e ]
t’jf?efgfji;"’sz‘”’°°°d8d°6f 18 601217029 loT 744 B
ki ey | 42 601230022 loT 94.2 B+
ol I 601230071 | loT 062 A
géfsszég;;?c?;b N 2 601230253 loT 90 B+
U7ac18ff47b33112ada39 ) T L N

27a8daa9dfa7

Table 4.3 Tracking Data from the IoT system (cont.)

Number of

e531edbc6bid

Beacon User_id participations Student_Code Subject Grade mark Grade point
e a 1913310049 MSC-112 70 B
atky o o 7 1913310056 MSC-112 77 B+
B e 9 1913310072 MSGC-112 73 B
S e e a7 1913310098 MSC-112 80 A
ol 4 e 166 1913310114 MSC-112 70 B
o 18 1913310130 MSC-112 80 A
U3a5668a8e6a68fede28e a 1913310155 MSC-112 == B+




Table 4.3 Tracking Data from the 10T system (cont.)
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Number of

Beacon User_id participations Student_Code Subject Grade mark | Grade point
gggf:éﬁg?gzegﬂ 2bft3 81 1913310163 | MSC-112 75 B+
3555511§§§:§1°5t’2520d23 124 1913410021 | Msc-112 80 A
g&%%@g%i%ig“dbba%fg 17 1913410039 | MSC-112 91 A
e 19 1913410062 | Msc-112 84 A
e, N 34 1913410120 | MSC-112 70 B
g;f‘;%i%gi‘;%‘f%ae“dfe 3 1913410138 | MSC-112 74 B+
g;i':jggg;;;? 4cad>E 13 1913410195 | MsC-112 74 B+

Table 4.3 Tracking Data from the 10T system (cont.)

Beacon User_id p:rléz}g::ig:\s Student_Code Subject Grade mark | Grade point
-~ 4 1913410220 | msc-112 80 A
32'210825233;92??70064000 1 1913410260 | Msc-112 80 A
U3dbdfc92eed9ab41each 31 1913430037 MSC-112 83 A

4ed8de34al176

From data collected shown in table 4.3 reveals that it is not easy to
collect information from students, there are several conditions to consider.

For samples below;
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1. Location Services in Line application should be on

2. Students” mobile should turn Bluetooth on
(participants)

3. Students’ mobile must opt-in to receive notifications
from Google Survey Nearby (by default they are
already opted in)

4. 10S needs to install a relevant application.

Additionally, after using data in table 4.3 for drawing using the area
chart as shown in fig. 4.6.
Traffic of Activities

800

600

i

1 2 3 + S & 7 8 9 10 11 12 13

201 mB404 w Gafeteria@B Bidg mCafeteria@D Bldg Library = Teacher Office

Fig. 4.6 illustration of traffic by Area Chart

Fig. 4.6 presents that students mostly communicate with beacons
when they are going to the teacher office which is located on the 6th floor at
building A. This place is an office of information technology’s member. Thus,
we can assume that the participating students always stay and go to the

lecturer office for any consulting of their study.
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Fig. 4.7 Visualize Clustering Data Assigned by K-Mean

Fig. 4.7 and 4.8 are the pictures when one of our researchers tried to
Import the obtained data to the software in order to classify the input data
using K-Mean. [17] Then, fig. 4.9 is the summarization information classified

by the summation number of the entering status obtained in January 2020.
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Fig. 4.9 January Summarization information classified by the summation number

of the entering status
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Chapter 5

Conclusion and Future Works
5.1 Expected Results

After successfully collecting the data with our 10T systems, data is
planned to be analyzed to find out the relationship between student’s
movement pattern and academic performance. Then following application
can be expected:

1. Build a Predictive Analytics model to analyze the movement pattern of
the student to predict their performance.

2. Apply Intelligent Predictive Analytics model to provide guidance for
students to help them to improve academic performance.

The agency expects that the research results will be used Thai-Nichi
Institute of Technology for applying results of research to develop teaching

and learning.

5.2 Research Limitations

There are several notable limitations in the research:

We have designed and implemented the 10T system for collecting data
of student’s behavior. We expected 100 hundred students might participate
In our project. Each person may give their individual results, but with our
system environment, the invited students were not willing to register to our
beacon every time they met the signal and requested from the system. Thus,
some data may be lost, this results in our analysis of their behavior. We are
not always able to go through all the resources. We can'’t gather all the data

we want for our research since it will take a lot of time. Because of it, our
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work might not cover each aspect. Moreover, the Beacons system has its
limitations.

Beacons cannot individually track students: [18] students have to
install an “Line Application” for the beacon to work on their phone with a
permission to allow beacons to communicate. However, no user likes to be
often poked with offers/unwanted notifications. Secondly, movement tracking
can only work when students are:

e Carrying a mobile device

e Switch the device on

e Have both Wi-Fi/Cellular Network and Bluetooth switched on for
interaction with the beacon in the beacon range.

o The BLE beacons can’t determine a students’ physical location
with pinpoint accuracy, so it can be hard to know how many
beacons are required, or where to position them in order to
ensure that a zone is adequately covered.

o As beacons is a system that sends out the signals to the device,
“Signals are Easy to duplicate” as shown in the data set that was
collected.

In order to take advantage of gathering more reliable information on
how and where students are moving throughout college, we need to
understand its drawbacks and pitfalls and then tackle [19] these with the right
information and the right approach. Finally, when we implement beacons in
too many places, students can get easily annoyed by receiving too many
push notifications and may even stop participating in our research. As
mentioned earlier, there are some problems and concerns from the
limitations of both hardware and software. Fig. 5.1 below illustrates the found

noise when we tried to interpret and transform the obtained information from
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Beacon. Additionally, we found that the summation number of enter status is
too high from midnight until 12 am, which is not possible. In other words,
Thai-Nichi Institute of Technology is the university and there is no student
during that period of time. This can be improved as mentioned later in the

latest section.

200 —
150 -
100 —
50 I
0 —
I I I I I ! |
0 2 4 6 8 10 12

Time / am

Number of enter (cumulative) / time

Fig. 5.1 Founded Noise in Information Interpretation

5.3 Future works

As a result, we found that the comfortable research participants
(students) got a high performance on their full semester study results.
However, we cannot extremely interpret the research findings due to various
technology limitations at this moment (2019-2020). Moreover, the key design
of our research methods might need some further improvements to gather

very clear input data and obtain a significant research finding in the future.
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Sample data from Beacon




Log_id
-LvG3jNVaClXualLilRaa

-LvG3p_OSJKiLLY6nibU

-LvG3pbICBFWUEgWOcmb

-LvGAW]SPaxew5i6Z-3z

-LvGBIPb9tMOWa-eKhzT

-LvOrnCO9BD7xHqiH9iV

-LvOrnVOXNXSS1VxAols

-LvOt1CKshsmS7ys_E6_

-LvP40e20dqCCA7WBYfF

-LvPHkeHddITf3CsaCK4

-LvcOGgsQd1Qte3le_fB

-LvcOH8If-a_Tvn-5cor

-LvcBtftzEliuTynazWz

-LvcBtiCm92gXQzufYYA

-LvcFwL9KeCdM9rzMoYQ

-LvdOQAse_OoEQrpxUyl

-LvdOQD8IjlIGfzAwzLK4

-LvdOZvLCBvpaeab_WUK

-LvdOZxaY3twkMNZ2c3lI

-LvdOUEMvm9yk519M2dh

-LvdOuGaQW8sFNMhsFQx

-LvdXX2ptbHDs2YJwx8r

HW_id
Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Cafeteria@B Bldg

Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Cafeteria@B Bldg

Cafeteria@B Bldg

Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Teacher Office

Cafeteria@B Bldg

Teacher Office

timestamp

1575465712868

1575465738458

1575465738644

1575467492120

1575467695644

1575613311249

1575613311403

1575613637302

1575616989972

1575620381105

1575850676235

1575850676273

1575853728640

1575853728640

1575854788047

1575873786334

1575873786468

1575873826337

1575873826412

1575873913510

1575873913509

1575876173709

Date

04/5.2,2019
13:21:53

04/5.2,2019
13:22:18

04/5.2,2019
13:22:19

04/5.7.,2019
13:51:32

04/5.7,2019
13:54:56

06/5.n,2019
6:21:51

06/35.7.,2019
6:21:51

06/5.7,2019
6:27:17

06/5.n,2019
7:23:10

06/5.7,2019
8:19:41

09/5..,2019
0:17:56

09/5.7,2019
0:17:56

09/5.0.,2019
1:08:49

09/3.0.,2019
1:08:49

09/5.7,2019
1:26:28

09/3.0,2019
6:43:06

09/5.n,2019
6:43:06

09/5.7,2019
6:43:46

09/5.7,2019
6:43:46

09/5.7.,2019
6:45:14

09/5.7,2019
6:45:14

09/5.0,2019
7:22:54

type

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter

enter
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User_

U333ecc614d71ab6ee:

U333ecc614d71ab6ce:

U333ecc614d71ab6ee:

U333ecc614d71ab6ce:

U333ecc614d71ab6ee:

U333ecc614d71ab6ce:

U333ecc614d71ab6ee:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71ab6ce:

U333ecc614d71abb6ce:

U333ecc614d71ab6ce:

U333ecc614d71abé6ce:

U333ecc614d71ab6ce:

U333ecc614d71abé6ce:



