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Abstract

The electroencephalogram (EEG), a smart wheelchair control system
designed to help the elderly and disabled, is presented in this research.
To prevent the wheelchair from malfunctioning or moving on its own,
the system consists of a NeuroSky Mind Wave EEG sensor coil that is
paired with Android and connected to a voice interrupt circuit. The
HC-05 Bluetooth Device control device is used to couple the Android
smartphone with the Arduino Uno. The connections between the
Android EEG sensor and the Arduino board are via Bluetooth, which
provides a low consumption and portable electric chair solution.
Allows the system to allow on and off Wheelchair drives to use flash
and attention levels. Electroencephalogram was tested, and the results
were in good agreement with the matter. Operating modes can
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implementation of this system developed easily to help this category
of society so that they can enjoy it.

Keywords: NeuroSky Mind Wave; EEG; relay; L298N Motor Driver;
Microcontroller.

1. Introduction

Roughly 15% of people worldwide live with a handicap, according to
the World Health Organization [1]. These conditions include cerebral
palsy, multiple sclerosis, brainstem stroke, amyotrophic lateral
sclerosis, myasthenia gravis, and damage to the brain or spinal cord
[2]. Paralyzed people face many difficulties in their daily lives, it is
difficult for them to make use of motor neurons to control muscles.
People with motor disabilities can sometimes be so stiff they can't
speak as well as they want to. They need the help of others to
perform daily activities. Patients who are completely paralyzed may
need someone to help control a wheelchair. In the past, many
technologies were made ready for disabled people to interact with
physical devices, brine wave controller (BWC), Anger gestures and a
voice-controlled wheelchair are recognized. [5] That, most of them
rely on muscles, body movements, or speech commands. These cases
are people who suffer from certain diseases. Developments in neural
communication. [6] Using BCI technology Depending on the.

points of waves from the user's brain or by the cortex is the brain's
outer layer, that produces an electroencephalogram, or EEG. Real-
time electroencephalography (QEEG) can provide information on
brain function in medical settings by displaying electrically active
regions of the brain [10] at the Peak Performance Institute. These
devices record an individual's brain wave activity (EEG) while they
perform daily tasks like reading, arithmetic problems, or relaxation.
The process of making a brain map with gEEG A gEEG brain map is
a device that uses electrodes woven into a cap to track brain activity
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while you remain motionless as shown in Figure 1, A certified doctor
reviews the test findings after they have been completed with both
eyes open and closed and compared to a neutral baseline [10].

Delta

Absolute Power
pal

Figure 1: QEEG brain map

In this paper we used all these waves (any waves) to converts to
operations usual to complete all need from user we will makes to user
a wheelchair controlled by human waves using BCI technology.
Arduino Mega (Unio) was selected [7] that will capture the wave of
the human brain using a neural head [8]. Previous technigues,
commerce, and we will also incorporate immediate guidance to stop
the wheelchair as software interrupt but using circuit Voice
Recognition. The time duration for each microcontroller selection
should be less than 1 second. In terms of simplicity. Section 2 present
of system components, Section 3 present of theory and design, Section
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4 display simulation results< while Section 5 present conclusion, and
section 6 future work.

2. SYSTEM COMPONENTS
2.1 Neuro Sky Mind Wave headset

The headset's low total weight of approximately 90 g, powered by a
single 1.5 dc volt battery, makes it ideal for a range of remote and
portable applications as well as wireless biomedical applications [3—
4]. With a sampling rate of 512 Hz, the headset's dry sensor captures
12-bit raw brainwaves between 3 and 100 Hz. The Think Gear chip
integrated within the headset facilitates the processing and filtering of
brainwaves obtained from the sensor, as well as Bluetooth device as
illustrated the in Figure 2.

LED power
Ing\Cator

Power
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v

AAA batery
comparntment
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L
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Figure 2: Neuro Sky Mind Wave headset

connectivity. By detecting the electrical potential between the
electrode applied to the forehead and the reference point (ear clip),
sensing is accomplished. The Neuro Sky EEG programmed can
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process signals to determine the power spectrum density of seven
different frequency bands: alpha, theta, delta, low beta, middle beta,
high beta, and gamma. As seen in Table -1 and Figure 3, the
amplitude of these bands varies in response to both internal and

exterior stimuli.

Table 1: Details wave

Frequency band| Frequency Brain states
Gamma () & gt;35 Hz [Concentration
Anxiety dominant, active, external
Beta () 12-35Hz fttention, enjoy
Alpha (a) 8-12 Hz  Very relaxed, passive attention
Theta (0) 4-8Hz  |Deeply relaxed, inward focused
Delta (5) 0.5-4Hz [Sleep
5 .QM-Rof .: s ‘(3
[ P :
.n.” .n .H." .nnt : (J
§ 4:1'3 0. 0. :u 9. .::"‘ - ‘G
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Figure 3: Brain activity

Issue: 10 December 2024 Page 7



Journal of Electronic Systems and Programming www.epc.ly

The electrical voltages in the brain that oscillate during brain waves
are only a few millionths of a volt. The primary frequencies of human
EEG waves correspond to five commonly identified brain waves as
shown in the Figure 4.

Concentration

Gamma_ lﬂ..m\ﬁ%hmw‘ bf'ilwl?‘l ﬁq\ﬂ“‘ﬁ%

54 '8

Beta

external attention V\J ﬂr\ \J\ﬂ/vumﬂ’dj U\r\ﬁl &v \’lr\j

. enjoy

Alpha \/\ )
passive attennon\/ \/\ N\/‘ \
Theta |~ /\
Deeply relaxed NN \ \ f

Delta /
Sleep \‘,‘ \

Figure 4. Waves Neuro Sky

2.2 Microcontroller (Arduino).

In comparison to other microcontrollers, this electronic circuit serves
as a miniature computer that can interact with and control its
surroundings, as illustrated the in Figure 5.
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Figure 5: Arduino UNO

The Arduino UNOs bigger sibling is the Arduino Mega. It has sixteen
analogue inputs. fifty — four digital input /output pins, a USB port, a
power connector, and a reset button as shown in the Figure 6.
Everything you need to get started with the microcontroller is
included; all you have to do is hook it into a computer via USB or
Power it is using a battery or an AC — to -DC convertor Because of its
massive pin count, this board is perfect for applications requiring a lot
of digital inputs or outputs (like a lot of LEDs or buttons) a

Figure 6: Arduino Mega
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2.2 Bipolar Digital Integrated Circuit ULN2803

For the entire feed to be received, the ULN2803 connects the ground
line to the relay upon receiving a signal from the Arduino Figure 7.
Display this kind of circuit.

Figure 7: ULN2803 piece full of transistor

UIn2803 this has Eight darling tons with common emitters make up
ULN2803. Each Darlington can handle up to 500 mA of load current,
A 50V output voltage is possible with this chip. To keep the circuit
simple, inputs and outputs are pinned opposite one other. For a larger
current rating, the output pins can be paralleled Figure 8 shows that .
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Figure 8: ULN2803 circuit

2.3 L298N Motor Driver

The controller shown in Figure 9 makes it easy to control the direction

and speed of up to two DC motors using an H-Bridge.

Output - B

Logic input

Channel A enables
Powered by 5V

Powered by GND

Powered by 12V

(."v- N v

Onboard 5V enable
Output - A

Figure 9: L298N Motor Driver
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A DC motor can be made to run at a different speed by adjusting its
input voltage. Pulse Width Modulation (PWM) is a commonly used
technique to achieve this. The Figure 10 shows PWM involves
sending out a series of ON-OFF pulses to modify the average voltage
of an input voltage. Duty Cycle, which is proportional to the pulse
width, calculates the average voltage. When the duty cycle grows, the
average voltage applied to the DC motor (High Speed) increases,
while when the duty cycle lowers, the average voltage applied to the
DC motor (Low Speed) decreases.

0% Duty Cycle
Ow | | Ow
25% Duty Cycle

A R o s I S

50% Duty Cycle

12v
|»—————-———— ——f=—=q=-=}F-=-4=—=%F-- 6&wv
Qv

75% Duty Cycle

PO o R

Figure 10: Pulse-width modulation

2.4 HC-05 Bluetooth Module

The HC-05 module uses the Serial Communication protocol to
communicate with the Arduino because it is a Bluetooth SPP (Serial
Port Protocol) module Its appearance is shown in Figure 11.
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Figure 11. HC-05 Bluetooth

Bluetooth serial modules enable wireless communication between all
serial-enabled devices. The Bluetooth module can be switched to the
AT commands mode with this instruction. If the Key/EN pin is set to
high, this module will operate in command mode; otherwise, data
mode is the default. The HC-05's default baud rate in data mode is
9600bps, while in command mode it is 38400bps., 9600bps is the
speed. On the HC-05 module, there are two modes. Data
transmission between devices is the first mode, while command
mode is the second. The HC-05's parameters can be changed with
AT commands. These commands are delivered via the module serial
(USART) port, Command Mode,If we would like to modify the baud
rate, name of the Bluetooth device, connection password, or any
other configuration for the HC-05 Bluetooth module,HC-05 contains
AT instructions to accomplish this. The default baud rate of the HC-
05 Bluetooth module in command mode is 38400bps. The following
AT commands is commonly used to modify the settings of the
Bluetooth module, as shown in Table- 4. To utilize the HC-05
Bluetooth module in AT command mode, connect the "Key" pin to
High (VCC). To send these orders, we must use a serial to USB
converter to link the HC-05 Bluetooth module to the PC and then
broadcast the commands using the PC's serial interface. The
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interface between the Bluetooth and Brine Wave sensor is controlled

by all commands.
Table 2: Command Mode

Command Description Response
AT Checking communication Ok
AT+PSWD =XXXX Set Password e.g.AT OK
e.g.AT + PSWD= 4567
AT +NAME =XXXX Set Bluetooth Device Name OK
e.g.AT+ Name = MyHC -05
AT + UART=Baud Change Baud rate Ok
rate, e.g.AT+ UART=9600,1,0
Stop bit, parity bit
AT + VERSION? Respond version no. of Version: xx ok
Bluetooth module e.g +version :2.0
20130107 OK
AT +ORGL send detail of setting done Parameters:
by Manufacturer device type,
module
mode, serial
parameter,
passkey, etc.

2.6 voice recognition

The ability of a machine or programmed to receive and interpret
spoken commands or to comprehend and execute dictation is known
as voice or speaker recognition, as shown in Figure 12.

Figure 12: Voice recognition

The Speak (Voice) Recognition Module V3 product is a voice
recognition module that is dependent on the speaker. It is a compact
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and easy-to-use speech recognition board for Arduino. It can handle a
maximum of 80 voice commands overall. A maximum of seven voice
commands might be in use at once. It is possible to script any sound to
function as an order. Users must first teach the module to recognize
any spoken command. This board can be controlled using the Serial
Port (full function) or the General Input Pins (part of a function).
When the corresponding voice command was acknowledged, a range
of waves might be generated via the board's General Output Pins.

3. Theory and design

The components of the approved system will be assembled, so that at
the forefront of the system will be the voice gate that will act as the
interrupt commands of the system that we been entered words stop as
well as the voice clapping hand for once and more than once All of
these inputs are processed by microcontroller within the system as
executive orders So that a signal is sent to the processor output to
which the relay, which has the role of turning off and turning on to the
system ,This is one of the advantages of this system in order to avoid
making a mistake resulting from the sudden change of waves
emanating from the user’s brain, which in turn will give random
movements or functions to the wheelchair, but after controlling to stop
the system by sound and with several audio inputs, we will excellently
overcome the obstacle to changing the waves, after that we will
contacted the hc-05 Bluetooth with micro controller and contacted the
Transmitter and receiver pins, next we Mack protocol remotely
between the hc-05 and the mind wave, nyorske.

After the explained a head of the headset that picks up brain waves
from user , then we constanted waves operation ,beta wave (p)
Activated this wave when makes the user appear at the beginning or
think or think negatively in the sense of fear, This means for a system
as Command To send a signal to the relay by using the L298N Motor
Driver for the purpose of connecting the power supply to motor No.
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1 to operate it to movement the wheelchair to right and Alpha wave
() Active this wave in user brain when he makes himself or his
senses enjoying So happy until the smile appears on the face, This
means for a system as Command To send a signal to the relay by
using the L298N Motor Driver for the purpose of connecting the
power supply to motor No. 2 to operate it that means movement the
wheelchair to left, Theta (0)- Active this wave in user brain when he
makes himself or his senses in a way that indicates relaxation and
reassurance, This means for a system as Command To send a signal to
the relay by using the L298N Motors Driver for the purpose of
connecting the power supply to motor No. 1 and 2 to operate it that
means movement the wheelchair to forward , Delta wave (3)- Active
this wave in user brain when he makes himself or his senses in a
sleepy, This means for a system as Command To stop sending any
signal to Motors Driver m this case turning off system, The following
Figure 13 shows the block diagram of the system and Figure 14
display mechanism of communication between the user's mind and the
system .

Right

left
Motor

Figure 13: Block diagram of the system
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Figure 14: Mechanism of communication

4. Simulation Results

Electronic electrical workshops usually verify the functioning of any
electrical circuit to ensure the circuit's performance for the function
specified for her to obtain. Matching findings in order to establish a
link between them. The proteus program, which is one of the most
well-known research projects in the subject of control engineering, has
an electronic library that contains most of the electronic parts required
by the designer. The pieces are chosen and then connected to the
microcontroller, with the accuracy of the connection to the concerned
parties whose tasks are determined during programming, and this
software allows users to write and compile programs, with the
programs compiled in micro-Basic being directly uploaded into the
Proteus design suite's microcontroller chip. As a result, the So, the
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microcontroller-based circuit analysis is easy and simple in Proteus
[9]. with EEG sensor is used to control the wheelchair, as illustrator in
the Figure 15.

iunseou{Bu 3oy | mwn
|

Figure 15: Proteus simulation

The data in Figure 16 was received from the system on the Arduino
programming window. This data represents variables generated when
converting waves in real-time. The microcontroller processes these
waves using analog-to-digital conversion technology and then sends
the converted data to the specified outputs in the code, according to
the format required by the underlying hardware of the wheelchair.
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50 COMB

PoorQuality: 80 Attention: 0 Time since last packet: 1008
PoorQuality: 80 Attention: 0 Time since last packet: 1001
PoorQuality: 80 Attention: 0 Time since last packet: 994
PoorQuality: &80 Attention: 0 Time since last packet: 998
PoorQuality: 200 Attention: 0 Time since last packet: 997
PoorQuality: 200 Attention: 0 Time since last packet: 997
PoorQuality: 200 Attention: 0 Time since last packet: 1010
PoorQuality: S1 Attention: 0 Time since last packet: 983
PoorQuality: S1 Attention: 0 Time since last packet: 993
PoorQuality: 51 Attention: 0 Time since last packet: 999
PoorQuality: 51 Attention: 0 Time since last packet: 994
PoorQuality: 51 Attention: 0 Time since last packet: 994
PoorQuality: 0 Attention: 0 Time since last packet: 997
PoorQuality: 0 Attention: O Time since last packet: 1000
PoorQuality: 0 Attention: 0 Time since last packet: 991
PoorQuality: 0 Attention: 51 Time since last packet: 1004
PoorQuality: 0 Attention: 64 Time since last packet: 991
PoorQuality: 0 Attention: 61 Time since last packet: 999
PoorQuality: 0 Attention: 61 Time since last packet: 992
PoorQuality: 0 Attention: SO Time since last packet: 1016
PoorQuality: 0 Attention: 38 Time since last packet: 977
PoorQuality: 0 Attention: 43 Time since last packet: 999
PoorQuality: 0 Attention: 43 Time since last packet: 994

Figure 14: Data received

5. Conclusions

The designed intelligence wheelchair system aims to help people of
determination overcome obstacles caused by a disability, whether it is
a partial or complete disability, interact with society comfortably, and
serve themselves without the need for the assistance of others. One of
the advantages of this system is that it is cheap and easy to use in
practical life. This system will be developed in the future to include
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several other functions to overcome all the obstacles facing the
disabled with the help of technology and to interact with the
surrounding environment as if there is not disability.

6. Future Work

Since using brain waves is currently one of the most effective ways to
help individuals with disabilities meet their needs independently,
encryption and filtering algorithms can be employed to refine these
waves with programming commands that cover various functions.
Consequently, these controllers can also be utilized for home
automation, allowing control over most household electrical devices,
similar to a smart home model.
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ABSTRACT

This review paper describes the relationship between the use of
project management tools and product productivity. More precisely, it
explains the important role that project management plays in
improving the productivity of industrial products. The latest research
on the topic and more effective ways to conduct project management
to achieve product-related organizational goals are briefly presented.
It is then suggested that the generic project management block
diagram can be applied to any type of industry to improve the
productivity of the product. Emphasizing self-management and
incorporating multiple project management team roles in
manufacturing processes, along with effective project planning,
scheduling, and controlling, are essential elements for achieving

project success and product quality. By adopting clear objectives,
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proper resource allocations, and continuous improvement strategies,
organizations can significantly enhance overall productivity and
respond adaptively to customer demands, ultimately contributing to

sustained success and competitiveness.

Keywords: Project Management tools, Quality, increase productivity,

the product.

1. INTRODUCTION

Project management history is said to be known for ages. It's said
through Craig B. Smith in his book “How the Great Pyramid became
constructed” that the first rate pyramid of Giza could now no longer
had been constructed without a few shape of assignment management.
Even to the extent that a WBS more likely was used [1]. Project
management has emerged as an essential tool to improve the
management effectively for all types of organizations, manage
successful projects providing a vision and techniques which can be
improved and workflow redesign to make it more efficient and
adaptable to the needs of customers. Project management is a
structured methodology that can be used in all industries regardless of
service or product it’s designed to deliver. Project management has a
remarkable value beyond its basic application across industries. When
project management is implemented effectively, it increases the
success of the intended delivered product or service.

The most important thing of the product is that product contact with

customer satisfaction directly. This reason makes the increasing of the
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productivity of product very sensitive. Usually, the producing
enterprise drew advantages from validated manufacturing control
techniques so they invest a lot of money in this field research.
Improvement productivity needs from us to know the factors that
influence productivity and looking for proper ways and techniques for
each firm. These techniques and elements can be divided to industry-
level, company-level, and challenge level. In our review, it will show
and focuses on the company level and project management level. For
example, In Canada exactly in 1994 there was a study shows, planning
and scheduling consider it as the first factor that drive the productivity
in the waste water treatment plant field [2].

The Methodology of this study mainly depends on secondary data
collection sources.

The prime objective of this paper is to review literature and case
studies related to the relationship between the project management
and productivity of the product. This study will help us to explore the
techniques in the project management that affect the productivity of

product at industry.

2. Materials and Method

Most of the studies in this field depend on the quantitative method for
collecting data and analyzed it. Some of these studies were used a
computer program to get the results such SPSS program (Statistical
Package for the Social Sciences). Some of them were used time series

to show the effect of the factor within two different period of time.
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The comparison between project management models was applied.
Whatever the way was used in these studies. The clear picture about
the relationship between project management tools and productivity of
the product is being provided by the results from these methods that

we are focusing on.

3. Literature Review

3.1 Techniques and factors to increase the productivity of the
product

Since the industry revolution, increasing the productivity considered
as main element which can play an important part to the countries’
economy. There are very important factors to improve industrial
competitiveness and productivity of product such as to broaden
techniques round product design, making use of the idea of excellence
in all its degrees and focusing in innovation field.

There is study regard to this issue published in 2013. This study aims
to show process of product design is an important part to put the
criteria of the excellence of product to meet the demands of customers
in the global competitive markets. The methodology of this study is
comparison study between European regulatory paradigms on the
design of products, standard BS 7000-2: 2008 with models predictive
of project management, mainly international PMBOK (Project
Management Body of knowledge) guide and the model developed in
Europe, PRINCEZ2. This comparison will create integrated vision for

all level of process in project management. The main contribution of
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this study is taken the benefit of each model it will enhance the
product design. From this study it was found that the PMBOK manual
describes uniquely venture control approaches that make sure that the
venture progresses successfully for the duration of its existence, which
includes those approaches, the gear and strategies worried with inside
the utility of abilities and skills which might be defined with inside the
regions of knowledge. The British Standard BS 7000-2: 2008 offers a
predictive technique for venture control with an excessive diploma of
similarity to the PMBOK manual, with reference to the outline of the
venture control approaches, figuring out each the approaches which
have been identified as top exercise for almost all of projects. This
does now no longer imply that the defined approaches have to usually
be implemented uniformly on all projects, the venture supervisor and
his crew may be answerable for figuring out what approaches are
appropriate and what diploma of accuracy suitable for every process.
However, the PRINCE2 version enables a sequence of approaches that
designate what have to manifest and while with inside the venture in
order that any venture guided via way of means of this approach ought
to contain those approaches in a way, however greater importantly, is
to regulate the version approaches to the necessities of that unique
venture you're working.

A PRINCE2 project is planned, monitored and controlled phase to
phase, is focused on the definition and delivery of products, in
particular its quality requirements, processes diverge widely

Moreover, from this study it can be concluded that the utility of
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undertaking control procedures will increase the possibilities of
fulfillment of a huge form of projects. It is recommended to make a
comparative evaluation of undertaking-stage control of a number of
the predictive fashions used for undertaking control, with European
guidelines for dealing with the layout of synthetic products. In
technologically extra superior countries, technical productiveness
improvements which mark the variations among organizations
belonging to numerous monetary sectors presently are associated with
enterprise of work. In this regard, continuous process improvement
has evolved into a new integrated management approach. Total
management system by processes as illustrated in Figure 1 shows the
main difference between PMBOK process and PRINCE2 phase
process. The main income knowledge was taken from this study how
to take the benefit of different standardized model to increase the

productivity of product [3].
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Figure 1. Compare between (a) PRINCE2 and (b) PMBOK.
A strength of PRINCEZ2 is its detailed and wide-ranging description of

multiple project management team roles. Whereas in the PMBOK
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Guide the emphasis is mainly on what the project manager does, in
PRINCEZ2 there is a whole appendix providing detailed descriptions of

the responsibilities for seven distinct project management team roles.

Table 1: Different roles between Compare between (a) PRINCE2 and

(b) PMBOK
PRINCE?2 project PMBOK Guide equivalent
management team roles

executive project sponsor
senior user no equivalent
senior supplier no equivalent
project assurance no equivalent
project manager project manager
team manager no equivalent
no equivalent change control board (CCB)

According to a study published in 2020, The primary objective of any
manufacturing entity is the attainment of customer satisfaction, which
can be realized through the provision of high-quality products,
delivered punctually, and offered at a competitive price point. Any
organization, whether engaged in manufacturing or providing
services, will thrive and maintain its competitive edge if it possesses
the requisite flexibility to adaptively and systematically respond to
customer demands, thereby enhancing the value of its offerings. The
costs associated with equipment, materials, and labor are subject to
inflationary pressures, which serve as critical factors influencing the
pricing of products. Inefficient use of equipment, materials, and labor

results in direct financial losses. Therefore, it is imperative to
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prioritize the optimal utilization of these key factors, followed by
efforts to minimize waste in manufacturing processes. Lean
manufacturing practices have become essential across various sectors,
including automotive, electronics, plastics, textiles, food, dairy,
foundry, stamping, and maintenance. The advantages noted following
the adoption of individual or integrated lean manufacturing techniques
include a decrease in cycle time, the removal of non-value-adding
activities, and the establishment of a clean, organized, and sanitary
work environment. Additionally, these techniques facilitate a seamless
production flow, enhance productivity, lower production costs,
promote employee engagement, ensure proper order documentation,
decrease inventory levels, and improve both intra- and inter-
departmental connectivity for expedited decision-making and rapid
responses. This review examines various manufacturing sectors to
assess the impact of implemented lean manufacturing techniques on

process improvement and waste reduction [4].
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Figure 2. Lean Manufacturing Tool [4].

Another study published in 2012 talks has the title “Significance of
depth of inspection and inspection performance metrics for consistent
defect management in the software industry”. It talks about how the
production of high-quality software can improve the productivity of
products through an effective defect management system. This study
focuses on how inspection and testing which are parts of the defect
management system play an important role in increasing the quality of
the production line then it will increase the productivity of the product
as well. This study provides a case study involving empirical analysis
of projects from a leading product-based software industry. The study

strongly indicates the need for awareness and use of quality
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measurement of processes and people in realizing effective defect
management. Moreover, this study explains how to implement high-
quality software by using process metrics, inspection performance
metrics, and quality metrics for development more supplement the
quality and productivity in the process line. This software will be able
to reduce the expensive rework time, cost, and rebinding of resources.
This study takes the silicon market as a case study for this
implementation because it is considered highly competitive in modern
days. This study suggests that software organizations can improve
their quality within estimated cost and schedule with a good
understanding of effort distribution of quality assurance activities such
as reviews, process audits, and testing which lead to process
improvement. In addition, this study shows the effect of the skill level
or experience of the participants has to be one of the important project
factors, that can influence the productivity of the product. Since
effective defect management is one of the successful paths to
producing high-quality software, the industry follows several defect
management strategies to address defect-associated issues. They
primarily include defect detection and defect prevention
strategies. Defect detection and prevention aims to provide quality
software that reduces the cost and time to fix a defect, increases
productivity, and enables to achieve total customer satisfaction.

This study shows that high-quality a product is the only method for
achieving customer satisfaction. Implementation of quality metrics

therefore reflects continual process improvement of the company and
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enhances their productivity. The application of pair metrics as an
effective defect management tactic is a potential hope for saving a
billion dollars across the industries by annulling expensive defect-
associated rework in the projects. This approach provides an
opportunity for the business houses who outsource work to software
factories, to have a firm grip on the quality of the inspection process
and save inadvertent cost escalation, usually arising out of test
forecast failure, and increase productivity as well [5].

There is a study published in 2009 that highlights unit cost
considerations. This study is entitled “On Productivity in project
organizations”. The methodology in this research is based on
extending the old method which was developed by Gold to cover
multi-project organizations. Moreover, the adaptation of the
productivity network is verified using a hypothetical case. This paper
“generally” talks about the productivity in an organization is found not
to be dictated by a single input, but by the multiplicative outcome of
each together. Specifically, yearly the number of projects handled
appears to be of strategic importance in productivity. The limitation of
this paper is that this paper is conceptual, so applicability depends
upon the nature of the particular organization to which it is applied.
The main contribution of this study, it provides quantitatively treated
productivity in multi-project organizations. The approach can be used
to understand the productivity as well as some elements of
effectiveness of multi-project organizations. It was found By using an

index stream for each of the inputs which is the new method
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implemented by this study, productivity could be associated with
modifications in material inputs, changes in the design of the
operating process, improvements in control systems, and alterations in
the design of products. This study shows if the firm was working close
to capacity, increases in the number of projects would be expected to
decrease productivity. Although there are problems that might be
anticipated in using the methodology, it is asserted that managers of
multi-project firms would be better at trying it. At the very least, it
reflects on the productivity of major inputs and the project mix of the
firm [6].

There is an important study published in 2007 highlights the benefit of
self-management and its effects on increasing productivity. The idea
of self-management is to create self-controlled painting groups and the
way to combine those groups into undertaking management. This
study is based on a range of works, which provide a description and
practical advice about self-managed work teams by reviewing other
work. The main results of this study provide a full view of self-
managed work teams in today’s workplace. It was found from this
study that implementing self-managed work teams is considered a
useful way to increase the productivity of product and employee
morale. It mentions other benefits of a self-managed work team such
as increasing the quality of work these teams produce, shifting the
company’s focus from simple planning to a focus on the entire process
of production and self-managed teams offer multi-functional

definitions and solutions to problems that generate innovative
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products or services. It concluded that members have to become
personally responsible for adequately representing and integrating
their technical contributions into the final product [7].

3.2 Project management in the manufacturing field

When applying project management practices, tools, and techniques to
the manufacturing process, it can ensure that the time to market is
efficient and the quality standards are met. Project management
techniques such as scheduling, planning, risk management, quality
assurance, quality management, and quality control are essential to
achieve these factors.

There are three phases of project management that are considered
while managing projects which are planning, scheduling, and

controlling. Below is a brief review of each element [8].

3.2.1 Project Planning

Project planning comes at the initial and early stages of manufacturing
of software development. Project planning also includes planning,
organizing, directing, and controlling project tasks and activities.
There are many signs of unplanned projects. Two of these indicators

are financial loss and project delay [9].

3.2.2 Project Scheduling:

Project scheduling is an important element of project execution success
as it’s vital to accomplishing the project’s goals and objectives. Keizer
and Render in Element in Project Management mentioned that projects

with appropriate scheduled tasks are more likely to produce far better-
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quality work products, cost savings, and shorten the project timelines
[8].

The engineers, project managers, team players, and software
developers all play an important role adhere the project schedule and
meeting the obligation of completing the product according to the
designated timelines. The project might be delayed as a risk if not
adhere to the schedule which would cause project completion

interruption and financial loss. [9].

3.2.3 Project Controlling:

Project controlling is a very important phase of project management to
allocate resources, budget, equipment, and time into a time frame to
achieve the project’s objectives without compromising the
performance and outcome [10]. Project controlling involves project
objectives control, design control, budgeting, cost control, authority
and approving control as well as financing control and control costs
[11]. Hence, in short, no project can be successful without clearly
defined objectives, and proper allocations are made for the essential
resources, and material or equipment.

There is a direct effect of the incident of result process administration
and control of product quality from the outlook of the study sample at
the Libyan Iron and Steel Company in Misrata, and mathematical
reasoning habitual this friendship. This result reveals the consideration
of the Libyan Iron and Steel Company - Misrata in the constant
happening of administration of result processes during the whole of the

Diversified stages of production, at the time of the discovery and
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scrutinizing of result processes, softening and calculating natural
resources in the rods and skewers division of the brace plant, and last
accompanying the test of definitive produce. All of these processes
increase the value of the things produced.

A direct connection betwixt evolving result process administration and
control of product quality at the Libyan Iron and Steel Company
Misrata. On the contrary, the boredom in the unending growth of the
administration of result movements for one administration of the
Libyan Iron and Steel Company - Misrata will abandon to control the
product’s kind, happening in the guest’s failure to spar concerning

business and a downturn in allure retail share [12].

4. Discussion

It can be concluded from this review that a clear relationship exists
between the productivity of the product and the project management
tools and techniques. That means if any organization prepares the best
approach to scheduling, planning, controlling, and project management
overall, it will reach better productivity. On the other hand, if the
organization enhances the productivity of a specific company or field
restricted by the quality of the manufacturing process it will increase
the whole system productivity which is the requirement for any
organization or plant. After this literature review, a general project
management framework (including techniques and factors) that can be
applied to any industry to increase productivity is ended with. The

relationship between project management and the productivity of a
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product with consideration of time value can be summarized by the

block diagram below:

Find the proper factors,
tools and techniques of
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Figure 2. The relationship between project management and

productivity of product

5. Conclusion

This review paper shows the strong relationship between the project

management tool and the productivity of the product. The result block

Issue: 10 December 2024 Page 40



Journal of Electronic Systems and Programming www.epc.ly

diagram from this review paper shows increasing productivity must
have some steps, tools, techniques, and considerations from each
organization. Therefore increase productivity any firm needs to look at
recent techniques and considerations such as cost consideration, self-
management technique, and a model of processing design and make

the organization work as a multi-project organization.
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ABSTRACT

This review paper describes the relationship between the use of
project management tools and product productivity. More precisely, it
explains the important role that project management plays in
improving the productivity of industrial products. The latest research
on the topic and more effective ways to conduct project management
to achieve product-related organizational goals are briefly presented.
It is then suggested that the generic project management block
diagram can be applied to any type of industry to improve the
productivity of the product. Emphasizing self-management and
incorporating multiple project management team roles in
manufacturing processes, along with effective project planning,
scheduling, and controlling, are essential elements for achieving

project success and product quality. By adopting clear objectives,
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proper resource allocations, and continuous improvement strategies,
organizations can significantly enhance overall productivity and
respond adaptively to customer demands, ultimately contributing to

sustained success and competitiveness.

Keywords: Project Management tools, Quality, increase productivity,

the product.

1. INTRODUCTION

Project management history is said to be known for ages. It's said
through Craig B. Smith in his book “How the Great Pyramid became
constructed” that the first rate pyramid of Giza could now no longer
had been constructed without a few shape of assignment management.
Even to the extent that a WBS more likely was used [1]. Project
management has emerged as an essential tool to improve the
management effectively for all types of organizations, manage
successful projects providing a vision and techniques which can be
improved and workflow redesign to make it more efficient and
adaptable to the needs of customers. Project management is a
structured methodology that can be used in all industries regardless of
service or product it’s designed to deliver. Project management has a
remarkable value beyond its basic application across industries. When
project management is implemented effectively, it increases the
success of the intended delivered product or service.

The most important thing of the product is that product contact with

customer satisfaction directly. This reason makes the increasing of the
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productivity of product very sensitive. Usually, the producing
enterprise drew advantages from validated manufacturing control
techniques so they invest a lot of money in this field research.
Improvement productivity needs from us to know the factors that
influence productivity and looking for proper ways and techniques for
each firm. These techniques and elements can be divided to industry-
level, company-level, and challenge level. In our review, it will show
and focuses on the company level and project management level. For
example, In Canada exactly in 1994 there was a study shows, planning
and scheduling consider it as the first factor that drive the productivity
in the waste water treatment plant field [2].

The Methodology of this study mainly depends on secondary data
collection sources.

The prime objective of this paper is to review literature and case
studies related to the relationship between the project management
and productivity of the product. This study will help us to explore the
techniques in the project management that affect the productivity of

product at industry.

2. Materials and Method

Most of the studies in this field depend on the quantitative method for
collecting data and analyzed it. Some of these studies were used a
computer program to get the results such SPSS program (Statistical
Package for the Social Sciences). Some of them were used time series

to show the effect of the factor within two different period of time.

Issue: 10 December 2024 Page 27



Journal of Electronic Systems and Programming www.epc.ly

The comparison between project management models was applied.
Whatever the way was used in these studies. The clear picture about
the relationship between project management tools and productivity of
the product is being provided by the results from these methods that

we are focusing on.

3. Literature Review

3.1 Techniques and factors to increase the productivity of the
product

Since the industry revolution, increasing the productivity considered
as main element which can play an important part to the countries’
economy. There are very important factors to improve industrial
competitiveness and productivity of product such as to broaden
techniques round product design, making use of the idea of excellence
in all its degrees and focusing in innovation field.

There is study regard to this issue published in 2013. This study aims
to show process of product design is an important part to put the
criteria of the excellence of product to meet the demands of customers
in the global competitive markets. The methodology of this study is
comparison study between European regulatory paradigms on the
design of products, standard BS 7000-2: 2008 with models predictive
of project management, mainly international PMBOK (Project
Management Body of knowledge) guide and the model developed in
Europe, PRINCEZ2. This comparison will create integrated vision for

all level of process in project management. The main contribution of
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this study is taken the benefit of each model it will enhance the
product design. From this study it was found that the PMBOK manual
describes uniquely venture control approaches that make sure that the
venture progresses successfully for the duration of its existence, which
includes those approaches, the gear and strategies worried with inside
the utility of abilities and skills which might be defined with inside the
regions of knowledge. The British Standard BS 7000-2: 2008 offers a
predictive technique for venture control with an excessive diploma of
similarity to the PMBOK manual, with reference to the outline of the
venture control approaches, figuring out each the approaches which
have been identified as top exercise for almost all of projects. This
does now no longer imply that the defined approaches have to usually
be implemented uniformly on all projects, the venture supervisor and
his crew may be answerable for figuring out what approaches are
appropriate and what diploma of accuracy suitable for every process.
However, the PRINCE2 version enables a sequence of approaches that
designate what have to manifest and while with inside the venture in
order that any venture guided via way of means of this approach ought
to contain those approaches in a way, however greater importantly, is
to regulate the version approaches to the necessities of that unique
venture you're working.

A PRINCE2 project is planned, monitored and controlled phase to
phase, is focused on the definition and delivery of products, in
particular its quality requirements, processes diverge widely

Moreover, from this study it can be concluded that the utility of
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undertaking control procedures will increase the possibilities of
fulfillment of a huge form of projects. It is recommended to make a
comparative evaluation of undertaking-stage control of a number of
the predictive fashions used for undertaking control, with European
guidelines for dealing with the layout of synthetic products. In
technologically extra superior countries, technical productiveness
improvements which mark the variations among organizations
belonging to numerous monetary sectors presently are associated with
enterprise of work. In this regard, continuous process improvement
has evolved into a new integrated management approach. Total
management system by processes as illustrated in Figure 1 shows the
main difference between PMBOK process and PRINCE2 phase
process. The main income knowledge was taken from this study how
to take the benefit of different standardized model to increase the

productivity of product [3].
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Figure 1. Compare between (a) PRINCE2 and (b) PMBOK.
A strength of PRINCEZ2 is its detailed and wide-ranging description of

multiple project management team roles. Whereas in the PMBOK
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Guide the emphasis is mainly on what the project manager does, in
PRINCEZ2 there is a whole appendix providing detailed descriptions of

the responsibilities for seven distinct project management team roles.

Table 1: Different roles between Compare between (a) PRINCE2 and

(b) PMBOK
PRINCE?2 project PMBOK Guide equivalent
management team roles

executive project sponsor
senior user no equivalent
senior supplier no equivalent
project assurance no equivalent
project manager project manager
team manager no equivalent
no equivalent change control board (CCB)

According to a study published in 2020, The primary objective of any
manufacturing entity is the attainment of customer satisfaction, which
can be realized through the provision of high-quality products,
delivered punctually, and offered at a competitive price point. Any
organization, whether engaged in manufacturing or providing
services, will thrive and maintain its competitive edge if it possesses
the requisite flexibility to adaptively and systematically respond to
customer demands, thereby enhancing the value of its offerings. The
costs associated with equipment, materials, and labor are subject to
inflationary pressures, which serve as critical factors influencing the
pricing of products. Inefficient use of equipment, materials, and labor

results in direct financial losses. Therefore, it is imperative to
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prioritize the optimal utilization of these key factors, followed by
efforts to minimize waste in manufacturing processes. Lean
manufacturing practices have become essential across various sectors,
including automotive, electronics, plastics, textiles, food, dairy,
foundry, stamping, and maintenance. The advantages noted following
the adoption of individual or integrated lean manufacturing techniques
include a decrease in cycle time, the removal of non-value-adding
activities, and the establishment of a clean, organized, and sanitary
work environment. Additionally, these techniques facilitate a seamless
production flow, enhance productivity, lower production costs,
promote employee engagement, ensure proper order documentation,
decrease inventory levels, and improve both intra- and inter-
departmental connectivity for expedited decision-making and rapid
responses. This review examines various manufacturing sectors to
assess the impact of implemented lean manufacturing techniques on

process improvement and waste reduction [4].
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Figure 2. Lean Manufacturing Tool [4].

Another study published in 2012 talks has the title “Significance of
depth of inspection and inspection performance metrics for consistent
defect management in the software industry”. It talks about how the
production of high-quality software can improve the productivity of
products through an effective defect management system. This study
focuses on how inspection and testing which are parts of the defect
management system play an important role in increasing the quality of
the production line then it will increase the productivity of the product
as well. This study provides a case study involving empirical analysis
of projects from a leading product-based software industry. The study

strongly indicates the need for awareness and use of quality
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measurement of processes and people in realizing effective defect
management. Moreover, this study explains how to implement high-
quality software by using process metrics, inspection performance
metrics, and quality metrics for development more supplement the
quality and productivity in the process line. This software will be able
to reduce the expensive rework time, cost, and rebinding of resources.
This study takes the silicon market as a case study for this
implementation because it is considered highly competitive in modern
days. This study suggests that software organizations can improve
their quality within estimated cost and schedule with a good
understanding of effort distribution of quality assurance activities such
as reviews, process audits, and testing which lead to process
improvement. In addition, this study shows the effect of the skill level
or experience of the participants has to be one of the important project
factors, that can influence the productivity of the product. Since
effective defect management is one of the successful paths to
producing high-quality software, the industry follows several defect
management strategies to address defect-associated issues. They
primarily include defect detection and defect prevention
strategies. Defect detection and prevention aims to provide quality
software that reduces the cost and time to fix a defect, increases
productivity, and enables to achieve total customer satisfaction.

This study shows that high-quality a product is the only method for
achieving customer satisfaction. Implementation of quality metrics

therefore reflects continual process improvement of the company and
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enhances their productivity. The application of pair metrics as an
effective defect management tactic is a potential hope for saving a
billion dollars across the industries by annulling expensive defect-
associated rework in the projects. This approach provides an
opportunity for the business houses who outsource work to software
factories, to have a firm grip on the quality of the inspection process
and save inadvertent cost escalation, usually arising out of test
forecast failure, and increase productivity as well [5].

There is a study published in 2009 that highlights unit cost
considerations. This study is entitled “On Productivity in project
organizations”. The methodology in this research is based on
extending the old method which was developed by Gold to cover
multi-project organizations. Moreover, the adaptation of the
productivity network is verified using a hypothetical case. This paper
“generally” talks about the productivity in an organization is found not
to be dictated by a single input, but by the multiplicative outcome of
each together. Specifically, yearly the number of projects handled
appears to be of strategic importance in productivity. The limitation of
this paper is that this paper is conceptual, so applicability depends
upon the nature of the particular organization to which it is applied.
The main contribution of this study, it provides quantitatively treated
productivity in multi-project organizations. The approach can be used
to understand the productivity as well as some elements of
effectiveness of multi-project organizations. It was found By using an

index stream for each of the inputs which is the new method
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implemented by this study, productivity could be associated with
modifications in material inputs, changes in the design of the
operating process, improvements in control systems, and alterations in
the design of products. This study shows if the firm was working close
to capacity, increases in the number of projects would be expected to
decrease productivity. Although there are problems that might be
anticipated in using the methodology, it is asserted that managers of
multi-project firms would be better at trying it. At the very least, it
reflects on the productivity of major inputs and the project mix of the
firm [6].

There is an important study published in 2007 highlights the benefit of
self-management and its effects on increasing productivity. The idea
of self-management is to create self-controlled painting groups and the
way to combine those groups into undertaking management. This
study is based on a range of works, which provide a description and
practical advice about self-managed work teams by reviewing other
work. The main results of this study provide a full view of self-
managed work teams in today’s workplace. It was found from this
study that implementing self-managed work teams is considered a
useful way to increase the productivity of product and employee
morale. It mentions other benefits of a self-managed work team such
as increasing the quality of work these teams produce, shifting the
company’s focus from simple planning to a focus on the entire process
of production and self-managed teams offer multi-functional

definitions and solutions to problems that generate innovative
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products or services. It concluded that members have to become
personally responsible for adequately representing and integrating
their technical contributions into the final product [7].

3.2 Project management in the manufacturing field

When applying project management practices, tools, and techniques to
the manufacturing process, it can ensure that the time to market is
efficient and the quality standards are met. Project management
techniques such as scheduling, planning, risk management, quality
assurance, quality management, and quality control are essential to
achieve these factors.

There are three phases of project management that are considered
while managing projects which are planning, scheduling, and

controlling. Below is a brief review of each element [8].

3.2.1 Project Planning

Project planning comes at the initial and early stages of manufacturing
of software development. Project planning also includes planning,
organizing, directing, and controlling project tasks and activities.
There are many signs of unplanned projects. Two of these indicators

are financial loss and project delay [9].

3.2.2 Project Scheduling:

Project scheduling is an important element of project execution success
as it’s vital to accomplishing the project’s goals and objectives. Keizer
and Render in Element in Project Management mentioned that projects

with appropriate scheduled tasks are more likely to produce far better-
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quality work products, cost savings, and shorten the project timelines
[8].

The engineers, project managers, team players, and software
developers all play an important role adhere the project schedule and
meeting the obligation of completing the product according to the
designated timelines. The project might be delayed as a risk if not
adhere to the schedule which would cause project completion

interruption and financial loss. [9].

3.2.3 Project Controlling:

Project controlling is a very important phase of project management to
allocate resources, budget, equipment, and time into a time frame to
achieve the project’s objectives without compromising the
performance and outcome [10]. Project controlling involves project
objectives control, design control, budgeting, cost control, authority
and approving control as well as financing control and control costs
[11]. Hence, in short, no project can be successful without clearly
defined objectives, and proper allocations are made for the essential
resources, and material or equipment.

There is a direct effect of the incident of result process administration
and control of product quality from the outlook of the study sample at
the Libyan Iron and Steel Company in Misrata, and mathematical
reasoning habitual this friendship. This result reveals the consideration
of the Libyan Iron and Steel Company - Misrata in the constant
happening of administration of result processes during the whole of the

Diversified stages of production, at the time of the discovery and
Issue: 10 December 2024 Page 38




Journal of Electronic Systems and Programming www.epc.ly

scrutinizing of result processes, softening and calculating natural
resources in the rods and skewers division of the brace plant, and last
accompanying the test of definitive produce. All of these processes
increase the value of the things produced.

A direct connection betwixt evolving result process administration and
control of product quality at the Libyan Iron and Steel Company
Misrata. On the contrary, the boredom in the unending growth of the
administration of result movements for one administration of the
Libyan Iron and Steel Company - Misrata will abandon to control the
product’s kind, happening in the guest’s failure to spar concerning

business and a downturn in allure retail share [12].

4. Discussion

It can be concluded from this review that a clear relationship exists
between the productivity of the product and the project management
tools and techniques. That means if any organization prepares the best
approach to scheduling, planning, controlling, and project management
overall, it will reach better productivity. On the other hand, if the
organization enhances the productivity of a specific company or field
restricted by the quality of the manufacturing process it will increase
the whole system productivity which is the requirement for any
organization or plant. After this literature review, a general project
management framework (including techniques and factors) that can be
applied to any industry to increase productivity is ended with. The

relationship between project management and the productivity of a
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product with consideration of time value can be summarized by the

block diagram below:

Find the proper factors,
tools and techniques of

nraiert manasement

Related Studies,
research, case studied,

review naneare

~

\

Model of Cost Self- Multi- |
process conside manage Project
\ 4

Quiality of process

\ 4
Quality of product

Productivity of product

N

Figure 2. The relationship between project management and

productivity of product

5. Conclusion

This review paper shows the strong relationship between the project

management tool and the productivity of the product. The result block
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diagram from this review paper shows increasing productivity must
have some steps, tools, techniques, and considerations from each
organization. Therefore increase productivity any firm needs to look at
recent techniques and considerations such as cost consideration, self-
management technique, and a model of processing design and make

the organization work as a multi-project organization.

Issue: 10 December 2024 Page 41



Journal of Electronic Systems and Programming www.epc.ly

References

[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]
[9]

[10]

Smith, C., How the Great Pyramid was Built, Smithsonian
Books, Washington, USA, 2004.

Mojahed, S., & Aghazadeh, F. (2008). Major factors
influencing productivity of water and wastewater treatment
plant construction: evidence from the deep south USA.
International Journal of Project Management, 26(2), 195-202.
Sanchez, P. D. d. M., Gaya, C. G., & Peréz, M. A. S. (2013).
Standardized Models for Project Management Processes to
Product Design. Procedia Engineering, 63, 193-199.

Palange Atul & Dhatrak, Pankaj. (2021). Lean manufacturing
a vital tool to enhance productivity in manufacturing.
Materials today: proceeding. 46. 10.1016/j.matpr.2020.12.193.
Nair, T. G., Suma, V., & Tiwari, P. K. (2012). Significance of
depth of inspection and inspection performance metrics for
consistent defect management in software industry. IET
software, 6(6), 524-535.

Blomquist, T., & Wilson, T. L. (2009). On productivity in
project organizations. International journal of managing
projects in business, 2(4), 591-598.

Roper, K. O., & Phillips, D. R. (2007). Integrating self-
managed work teams into project management. Journal of
Facilities Management, 5(1), 22-36.

Keizer, H. & Render, B. (2008). Element in Project
Management. Hoboken, New Jersey: John Wiley & Son, Inc
Alan, Jr. (2007). Builder’s Portable handbook. New York: Mc
Graw Hill Co., Inc.

Keizer, H. (2006). Project Management Case Studies.
Hoboken, New Jersey: John Wiley &  Son, Inc.

Issue: 10 December 2024 Page 42



Journal of Electronic Systems and Programming www.epc.ly

[11]

[12]

[13]

Tan, A.L., (2005). Successful Project Management in
Malaysia. Malaysia: Asia Pacific ~ Media, Publication Sdn.
Bhd.

Masaud, Khairi. (2023). The Effect of Production Process
Management on Quality Control in The Iron and Steel Industry
in Libya. American Journal of Economics and Business
Innovation. 2. 2832-4862. 10.54536/ajebi.v2i3.1655.
https://www.knowledgetrain.co.uk/project-
management/pmi/prince2-and-pmbok-guide-comparison

Issue: 10 December 2024 Page 43


https://www.knowledgetrain.co.uk/project-
https://www.knowledgetrain.co.uk/project-




Comparison Among Tests of Normality for
the Error Term in Regression Analysis






Journal of Electronic Systems and Programming www.epc.ly

Comparison Among Tests of Normality for the
Error Term in Regression Analysis

Dr. Mohamed Albahloul Musrati
University of Tripoli
M.Musrati@uot.edu.ly

Fatouma Meftah Aljaafri
College of Electronic Technology-Tripoli
Jaafrif@gmail.com

ABSTRACT

Assessing the assumption of normality is required by most statistical
procedures. Parametric statistical analysis is one of the best examples
to show the importance of assessing the normality assumption.
Parametric statistical analysis assumes a certain distribution of the
data, such as the normal distribution. If the assumption of normality is
violated, interpretation and inference may not be reliable or valid.
Therefore, it is important to check for this assumption before
proceeding with any relevant statistical procedures. There are
significant amount of normality tests available in the literature.
However, the most common normality test procedures available in
statistical software are the Shapiro-Wilk (SW) test, Kolmogorov -
Samirnov (KS) test, Anderson-Darling (AD) test, Cramer Von Mises
(CVM) test and Pearson's chi-squared (PC) test. Some of these tests
can only be applied under a certain condition or assumption.
Moreover, different test of normality often produce different results
.i.e. some tests reject while others fail to reject the null hypothesis of
normality. The contradicting results are misleading and often confuse
practitioners. Therefore, the choice of test of normality to be used
should indisputably be given tremendous attention. This study focuses
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on comparing the power of five normality tests for the error term in
Regression Analysis; SW, KS, AD, CVM and PC tests. The
simulation process was carried out by using R programming language.
The tests require different sample size to detect the non-normality
assumption. As the sample size increases the power of these tests
become close to each other.

Keywords: Shapiro-Wilk (SW) Test, Kolmogorov -Samirnov (KS)
Test, Cramer-von Mises (CVM) Test, Anderson-Darling (AD) Test,
Pearson's Chi- squared (PC) Test.

1. Introduction

The assumption of normality is very important because it used in
many statistical procedures such as analysis of variance, linear
regression analysis. There are many tests of normality. The asymptotic
distributions of one-sided statistics T*and T ~ were obtained by
Smirnov (1939). The exact distribution of the test statistics for finite
(small) sample sizes was studied by Waldand Wolfowitz (1939) and
tabulated by massey (1950a). The distribution function of T~ for finite
sample size was derived by Birn-baum and Tingey (1951), and
comparisons were made between the exact quantiles obtained from
their distribution function and the asymptotic quantiles given by
Smirnov (1939,1948). It was found that use of the asymptotic
quantiles leads to a conservative test. The two-side Kolmogorov test
has the desirable property of being consistent against all differences
between F(x) and F’(x), the true and hypothesized distribution
function. However, it is biased for finite sample sizes (Massey,1950).
A lower bound for the bower of the two-sided test is given by Massey
(1950). The greatest lower bound for the power, under a certain class
of alternative hypotheses was obtained by Birnbaum (1953), and
another greatest lower bound for the power, under a different class of
alternative hypotheses. was obtained by Lee (1966). Other power
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comparisons were made by van der Waerden (1953), Anderson
(1954), Suzuki (1968), Shapiro, Wilk, and Chen (1968), and Kott
(1970). Note that if a deviation from the hypothesized variance exists
instead of deviation from the hypothesized mean, as before, the
normal test powerless to detect the difference, and the Kolmogorov
test is more powerful than the normal test.

Other papers on Kolmogorov test similar goodness-of-fit tests are by
Finkelstein and Schafer (1971), Maag and Dicaire(1971), Carnal and
Riedwyl(1972), and Stephens(1974). Barr and Davidson (1973) and
Pettitt and Stephens (1976) present modifications for censored data,
while Baar and Shudde (1973) discuss a modification for observations
on a circle. Govindara-julu and Klotz (1973) present a note on the
asymptotic distribution. Another goodness- of- fit test is the Cramer-
von Mises test. developed by Cramer (1928), Von Mises (1931), and
Samirnov(1936). The Cramer-von Mises test given by Anderson and
Darling (1952), Razali, Nornadiah; Wah, Yap Bee (2011)."Power
comparisons of Shapiro-Wilk, Kolmogorov-Smirnov, Lilliefors and
Anderson-Darling tests” (PDF).

2. Normality Test

In statistic, normality tests are used to determine if a data set is
normally distributed. The null-hypothesis of this test that the
population distributed as Normal. Thus, if the p-value is less than the
chosen alpha level, then the null hypothesis is rejected and there is
evidence that the data listed are not from a normally distributed
population. In other words, the data are not normal. On the contrary, if
the p-value is greater than the chosen alpha level, then null hypothesis
that the data came from a normally distributed population cannot be
rejected. However, since the test is biased by sample size, the test may
be statistically significant from a normal distribution in any large
samples. Thus, a Q-Q plot (quantile -quantile) plots required for
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verification in addition to the test. There are several tests for normality
to test:
Ho: The error is normally distributed.

H1: The error is not normally distributed.

1)  Shapiro-Wilk (SW) Test,

2)  Kolmogorov -Samirnov (KS) Test,
3)  Cramer-von Mises (CVM) Test,
4)  Anderson-Darling (AD) Test

5)  Pearson's Chi- squared (PC) Test.

3. Simulation Study

In this study, the simple linear regression was considered with
different sample sizes. For given x values (x=1, 2..., n), The y values
were generated using a set of predetermined values of parameters,
allowing only values of g;(i=1, 2,...,n) were generated from different
distribution, Gamma (4,5), Beta (5,5), W(2,3), Lognormal(0,1) ,
Bin(5,0.5) and poisson (8). The true values of the parameters can take
any values in the parameters space, and will give the same results. In
this study the true values of the parameters are taken the be g, = 6.1,

g =3.

One thousand data sets were used in each simulation study. Each data
set was fitted by least squares and the mean of simulated power at &
= 0.05 for different values were computed.

3.1 Comparison of simulated power for different
Normality tests when the data is simulated from Gamma
(4,5)
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From table (3.1) and figure (3.1), it is clear that the simulated power at
& =0.05 is an increasing function of the sample size n, when the data
for the error term is simulated from Gamma (4,5) distribution.
Detecting the non-normality of the error term by using (SW) test, the
sample size needs to be at least 50, by using (AD) test the simple
size(n) required to be at least 60. While by using (KS) test (n) needs to
be at least 90, but by using (PC) test (n) needs to be at least 140 and
finally, by using (CV) test (n) needs to be at least 70.

Thus, according to the simulation study we concluded that the best test
in order is (SW), (AD), (CV), (KS) and (PC).

Table 3.1: The Power of different Normality Tests when the data is
simulated from Gamma (4,5)

Sample size The simulated power at @ =0.05
n (SW) [(AD)| (KS) | (PC) | (CV)
10 0.095 | 0.08 [0.077|0.094| 0.076
20 0.254 | 0.22 [0.155| 0.11 | 0.204
30 0.393 |0.325/0.236| 0.16 | 0.295
40 0.562 |0.464/0.319|0.221| 0.417
50 0.64 |0.536/0.357|0.251| 0.483
60 0.768 |0.6550.473/0.309| 0.576
70 0.811 |0.709(0.509(0.352| 0.636
80 0.895 |0.792(0.593|0.422| 0.715
90 0.913 |0.826(0.634|0.417| 0.767
100 0.942 |0.881/0.678/0.481| 0.828
120 0.977 |0.942| 0.75 |0.577| 0.893
140 0.989 |0.966(0.837|0.669| 0.938
160 0.995 |0.983/0.887|0.741| 0.961
180 0.998 [0.993/0.928/0.815| 0.986
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200 1 10.998| 0.95|0.856| 0.995
250 1 1 ]0.991{0.946| 0.998
300 1 1 10.993(0.975 1
350 1 1 10.996(0.988 1
400 1 1 1 [0.996 1
450 1 1 1 1 1
1.2
=== Cramer-von Mises
_ test
()
% == Pearson's chi-
s squared test
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Figure 3.1: A plot of the power for different Normality tests vs the
sample size when the data is simulated from Gamma.
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Table 3.2: The Power of different Normality Tests when the data is

simulated from Beta (5,5)

Sample size The simulated power at & = 0.05

N (SW) | (AD) | (KS) | (PC) (CV)
10 0.048|0.044(0.047| 0.065 0.04
20 0.048|0.055(0.049| 0.051 0.055
30 0.04 |0.041]0.052 0.05 0.041
40 0.05 [0.053|0.048| 0.055 0.048
50 0.047|0.051{0.051| 0.059 0.053
60 0.036|0.044(0.043| 0.034 0.044
70 0.029|0.034(0.048| 0.058 0.047
80 0.059|0.054(0.056| 0.052 0.061
90 0.05 {0.061|0.055| 0.062 0.059
100 0.052|0.061{0.044| 0.054 0.055
120 0.088|0.093(0.074| 0.085 0.089
140 0.083]0.079(0.066 0.06 0.07
160 0.082|0.094(0.076| 0.058 0.079
180 0.109|0.109(0.072| 0.064 0.089
200 0.111]0.099(0.073| 0.061 0.092
250 0.169|0.137(0.089| 0.086 0.118
300 0.185|0.149(0.086| 0.075 0.12
350 0.281)0.192(0.118| 0.096 0.164
400 0.323|0.231{0.125| 0.093 0.183
450 0.385|0.254(0.133| 0.091 0.194
500 0.43 (0.292|0.154| 0.095 0.245
600 0.582|0.381(0.184| 0.129 0.298
700 0.669|0.419(0.188| 0.123 0.323
800 0.747|0.515(0.251| 0.136 0.410
900 0.817|0.566(0.284| 0.177 0.452
1000 0.874|0.623| 0.3 0.177 0.492
1200 0.96 | 0.75 |0.399| 0.207 0.628
1400 0.98 | 0.83 |0.444| 0.258 0.716
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1600 0.995|0.894(0.486 0.292 0.784
1800 0.997|0.924|0.559 0.346 0.815
2000 0.999|0.9590.627 0.377 0.879
2500 1 10.987(0.748 0.513 0.938
3000 1 ]0.997|0.847 0.615 0.975
3500 1 1 10.898 0.733 0.990
4000 1 1 ]0.953 0.817 0.998
4500 1 1 10972 0.865 0.998
5000 1 1 10.987 0.908 1

3.2 Comparison of simulated power for different
Normality tests when the data is simulated from Beta

(5.5)

From table (3.2) and figure (3.2), it is clear that the simulated power at
@ = .05 is an increasing function of the sample size n, when the data
for the error term is simulated from Beta (5, 5) distribution.
Detecting the non-normality of the error term by using (SW) test, the
sample size (n) needs to be at least 700, by using (AD) test (n) needs
to be at least 1000. While by using (KS) test (n) needs to be at least
2000, but by using (PC) test (n) needs to be at least 3000 and finally,
by using (CV) test (n) needs to be at least 1200.
Thus, according to the simulation study we concluded that the best test
in order is (SW), (AD), (CV), (KS) and (PC).
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Figure 3.2: A plot of the power for different Normality tests vs the
sample size

3.3 Comparison of simulated power for different
Normality tests when the data is simulated from Weibull
(2.3)

From table (3.3) and figure (3.3), it is clear that the simulated power at
& = .05 is an increasing function of the sample size n, when the data
for the error term is simulated from Weibull (2,3) distribution.
Detecting the non-normality of the error term by using (SW), the
sample size needs to be at least 80, by using (AD) test the sample size
(n) should be at least 120. While by using (KS) test (n) needs to be at
least 180, but by using (PC) test (n) needs to be at least 250 and
finally, by using (CV) test (n) needs to be at least 140.

Thus, according to the simulation study we concluded that the best test
in order are (SW), (AD), (CV), (KS) and (PC).
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Table 3.3: The Power of different Normality Tests when the data is

simulated from Weibulle

Sample size

n (SW) (AD) (KS) (PC) (CVv)
10 0.07 0.067 0.051 0.088 0.055
20 0.138 | 0.115 0.084 0.075 0.101
30 0.192 | 0.155 0.116 0.079 0.131
40 0.28 0.228 0.157 0.129 0.196
50 0.366 | 0.291 0.203 0.129 0.251
60 0.446 | 0.336 0.222 0.156 0.276
70 0.534 | 0.392 0.27 0.143 0.337
80 0.643 0.47 0.312 0.195 0.409
90 0.708 | 0.531 0.354 0.241 0.451
100 0.771 | 0.582 0.374 0.266 0.475
120 0.867 | 0.678 0.457 0.295 0.578
140 0.936 | 0.772 0.525 0.361 0.664
160 0.959 | 0.844 0.595 0.425 0.439
180 0.985 | 0.893 0.656 0.47 0.799
200 0.984 | 0.925 0.685 0.565 0.844
250 0.999 | 0.971 0.807 0.69 0.927
300 1 0.993 0.879 0.804 0.965
350 1 0.996 0.925 0.842 0.984
400 1 1 0.964 0.93 0.996
450 1 1 0.982 0.954 0.999
500 1 1 0.989 0.97 1
600 1 1 0.996 0.996 1
700 1 1 1 0.999 1
800 1 1 1 1 1
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Figure 3.3: A plot of the power for different Normality tests vs the
sample size when the data is simulated from Wiebll

3.4 Comparison of simulated power for different
Normality tests when the data is simulated from
lognormal (0,1)

From table (3.4) and figure (3.4) it is clear that the simulated power at

0 = .05 is an increasing function of the sample size n, when the data
for the error term is simulated from Lognormal distribution.

Detecting the non-normality of the error term by using (SW) test,
(AD) test, (CV) test, (KS) test and (PC) test the sample size (n) needs
to be at least 20.

Thus, according to the simulation study we concluded that the best test
in order is (SW), (AD), (CV), (KS) and (PC).
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Table 3.4: The Power of different Normality Tests when the data is
simulated from LN (0,1)

serladig The simulated power at
a=0.05

n (SW) | (AD) | (KS) | (PC) | (CV)
10 0.393 | 0.377 | 0.308 | 0.318 | 0.359
20 0.835 | 0.792 | 0.691 | 0.632 | 0.776
30 0.966 | 0.9848 | 0.878 | 0.859 | 0.938
40 0.995 | 0994 | 0971 | 095 | 0.99
50 0.999 | 0.999 | 0.993 | 0.986 | 0.999
60 1 1 0.998 | 0.994 1
70 1 1 0.999 | 0.998 1
80 1 1 1 1 1
90 1 1 1 1 1
100 1 1 1 1 1
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Figure 3.4: A plot of the power for different Normality tests vs the
sample size when the data is simulated from Log normal.

3. 5 Comparison of simulated power for different
Normality tests when the data is simulated from Bin
(5,0.5)

From table (3.5) and figure (3.5), it is clear that the simulated power at
O = .05 is an increasing function of the sample size n, when the data
for the error term is simulated from Bin (5, 0.5) distribution.

Detecting the non-normality of the error term by using (SW), the
sample size needs to be at least 60, by using (AD) test, (CV) test and
(KS) (n) should be at least 50, and finally, by using (PC) test (n) needs
to be at least 40.

Thus, according to the simulation study we concluded that the best test
in order are (PC), (CV), (AD), (KS) and (SW).
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Table 3.5: The Power of different Normality Tests when the data is
simulated from Bin (5,0.5)

Sample size The simulated Power at & =0.05
N (SW) | (AD) | (KS) | (PC) (CV)
10 0.091 [0.103/0.121|0.187 0.112
20 0.149 (0.196| 0.21 |0.347 0.206
30 0.272 |0.383|0.398(0.556 0.394
40 0.385 {0.508/0.532|0.671 0.533
50 0.54 |0.644/0.663|0.786 0.653
60 0.624 |0.722|0.733(0.838 0.726
70 0.674 |0.763|0.767(0.863 0.765
80 0.771 {0.833/0.839|0.922 0.835
90 0.797 |{0.863/0.878|0.932 0.868
100 0.838 {0.901|0.903(0.954 0.903
120 0.928 |0.953|0.958(0.983 0.954
140 0.952 {0.974|0.975(0.995 0.975
160 0.96 |0.979/0.982|0.997 0.98
180 0.977 |0.984|0.984(0.994 0.984
200 0.981 | 0.99 | 0.99 | 0.99 0.991
250 0.996 {0.999/0.999| 1 0.999
300 0.999 {0.999/0.999| 1 0.999
350 1 1 1 1 1
400 1 1 1 1 1
450 1 1 1 1 1
500 1 1 1 1 1
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Figure 3.5: A plot of the power for different Normality tests vs the
sample size when the data is simulated from Bin (5,0.5).

3.6 Comparison of simulated power for different
Normality tests when the data is simulated from Poisson

(6)

From table (3.6) and figure (3.6), it is clear that the simulated power at

& =0.05 is an increasing function of the sample size when the data
for error term is simulated from Poisson (6).

Detecting the non-normality of the error term by using (PC), the
sample size needs to be at least 100, by using (AD) test, (KS) test, and
(SW) test the sample size (n) required needs to be at least 140. While
using (CV) test (n) needs to be at least 120.

Thus, according to the simulation study we concluded that the best test
in order are (PC), (CV), (SW), (AD), and (KS).
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Table 3.6: The Power of different Normality Tests when the data is
simulated from Poisson (6).

Sample size The simulated Power & =0.05
n (SW) | (AD) | (KS) | (PC) (CV)
10 0.066 |0.065|0.056| 0.07 0.065
20 0.082 |0.079| 0.08 {0.085 0.08
30 0.112 |0.109| 0.12 |0.101 0.102
40 0.166 |0.155|0.181|0.196 0.15
50 0.216 [0.209|0.224|0.277 0.201
60 0.242 [0.228|0.274|0.356 0.217
70 0.271 |0.267|0.316/0.389 0.263
80 0.33 |0.345/0.386|0.471 0.328
90 0.376 |0.389|0.438|0.532 0.386
100 0.415 | 0.45 |{0.499|0.601 0.439
120 0.547 |0.568|0.593|0.657 0.604
140 0.63 0.623|0.667|0.733 0.659
160 0.68 | 0.68 |0.708(0.787 0.729
180 0.721 |0.744|0.761|0.805 0.773
200 0.815 |0.798|0.814|0.887 0.878
250 091 0.899|0.889|0.915 0.915
300 0.949 | 0.92 {0.924|0.961 0.946
350 0.972 |0.953|0.953[0.972 0.964
400 0.982 |0.974|0.962|0.995 0.977
450 0.991 |0.981|0.974|0.997 0.977
500 0.997 [0.992/0.989| 1 0.988
600 1 0.998(0.997| 1 0.999
700 1 1 10999 1 1
800 1 1 1 1 1
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Figure 3.6: A plot of the power for different Normality tests vs the
sample size when the data is simulated from Poisson (6).

4. Conclusion

In general, it can be concluded that among the five tests considered,
Shapiro-Wilk test is the most powerful test for all types of continuous
distributions and sample sizes, whereas Pearson Chi square and
Kolmogorov-Samirnov tests are the least powerful tests. However, the
powerful Shapiro-Wilk test is still low for small sample size.
Anderson- Darling and Cramer Von tests are quite comparable with
Shapiro-Wilk test, and Kolmogorov-Samirnov out performs Pearson
Chi square test. But Pearson Chi square test is the most powerful test
for all types of discrete distributions and sample sizes whereas the
other tests are the least powerful tests. In general, the simulated power
for all tests increased as the sample size increased. As a concluding
remark, practitioners should not depend solely on graphical techniques
such as histogram to conclude about the distribution of the data. It is
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recommended that the graphical techniques be combined with formal
normality test and inspection of shape parameters such as skewness
and kurtosis coefficients. It is important to remember that skewness
and kurtosis measures are also affected by sample size. Practitioners
also need to be aware that these five normality tests do not perform
well for small sample size (30 and below).
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Abstract

Alzheimer's disease (AD) is a chronic brain disorder and the leading
cause of dementia, commonly affecting older adults. It imposes a
significant financial burden in terms of treatment and is a major cause
of death among senior citizens. Early detection of Alzheimer's disease
plays a crucial role in prevention and control of its progression.
Machine learning, a branch of artificial intelligence, utilizes a set of
probabilistic and optimization techniques that allow computers to
analyze large and complex datasets. Therefore, researchers frequently
focus on using machine learning to diagnose the early stages of
Alzheimer's disease. In this paper, we focused on machine learning
algorithms for prediction, including Logistic Regression (LR),
Random Forest (RF), Multilayer Perceptron (MLP), and Support
Vector Machine (SVM). Samples were taken from the Kaggle
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organization, consisting of 629 diagnosed cases aged 55 to 90. Data
analysis was conducted based on influencing factors, including age,
Mini-Mental State Examination (MMSE) test, and years of education.
The algorithms' performance was evaluated, with Logistic Regression
(LR) showing the best prediction accuracy at 74.60%, with a 25.40%
error rate. The type of error was determined to be partial rather than
total. Additionally, a user-friendly interface for the system was
designed to facilitate nonspecialist use.

Keywords: Alzheimer's disease - Machine Learning (ML) - Logistic
Regression (LR) - Random Forest (RF)- K-Nearest Neighbors (K-NN)
- Multilayer Perceptron (MLP) - Support Vector Machine (SVM).

1. INTRODUCTION

Alzheimer's Disease (AD) is one of the most common causes of
dementia among the growing elderly population. Despite numerous
studies, both preliminary and clinical, the exact etiology and
mechanisms of AD are not clear enough to allow for early prevention
based on rational grounds for detection and effective treatment in the
early stages [1]. There have been attempts to use modern techniques
based on artificial intelligence in the early diagnosis and prediction of
the disease. As technology is the backbone of the current world's
development, and since computers are the least expensive and most
straightforward means of designing software and applications that
help improve our practical lives, they represent the mainstay of the
current information revolution. This has led to the development of
computer programming that simulates human intelligence, allowing it
to make inferential operations about facts and laws represented in the
computer's memory. Atrtificial intelligence (Al) is a branch of
computer science aimed at developing computers or machines that can
think similarly to the human brain. Al can be defined as the ability of
a machine to learn from the external environment by acquiring and
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analyzing data based on logic to reach conclusions and ultimately
correct its behavior on its own [2].

Machine Learning (ML) is a type of artificial intelligence that allows
software applications to become more accurate in predicting outcomes
without the need for explicit programming to do so [3].

2. RESEARCH PROBLEM

The main problem we aim to address is exploring the crucial role of
artificial intelligence in early detection and prediction of Alzheimer's
disease and dementia cases. With the aging population worldwide,
some individuals suffer from cognitive impairment such as
Alzheimer's disease and associated dementia. Alzheimer's disease,
dementia, and other cognitive impairments are severe enough to
interfere with an individual's ability to perform their daily tasks
effectively. It is expected that the number of individuals affected by
Alzheimer's disease will increase tenfold by the year 2050 [1].

3. PREVIOUS STUDIES

Previous studies help clarify the theoretical and practical foundations
of the scientific research topic intended to be conducted by the
researcher.

e Selim Buyrukoglu's study (2021) "Early Detection of
Alzheimer’s Disease Using Data Mining: Comparison of
Ensemble Feature Selection Approaches" conducted at Cankir1
Karatekin University focused on the application of individual
feature selection methods as well as ensemble feature selection
approaches in the early detection of Alzheimer's disease. The
study aimed to build a predictive model for early diagnosis of
Alzheimer's disease using ensemble feature selection methods.
The study indicated that better performance results were
achieved by applying the Random Forest (RF) algorithm with
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a subset of features obtained using the non-homogeneous
feature selection approach (91%) [4].

e Roobaea Alroobaea’s study (2021) "Alzheimer's Disease Early
Detection Using Machine Learning Techniques” conducted at
PSN College of Engineering and Technology, University of
Jeddah, aimed to develop a computer-aided diagnostic system
for Alzheimer's disease detection using machine learning
techniques. Common supervised machine learning techniques
such as logistic regression, support vector machine, random
forest, and linear discriminant analysis were applied. The study
reported the highest accuracy values of (99.43%) and (99.10%)
achieved by logistic regression and support vector machine
classifiers, respectively. The study recommended the
integration of multiple algorithms for better performance [5].

e Kolla Bhanu Prakash's study (2020) "Analysis, Prediction and
Evaluation of COVID-19 Datasets using Machine Learning
Algorithm" published in the International Journal of Emerging
Trends in Engineering Research involved the creation of
various prediction models using machine learning algorithms
for COVID-19 datasets and their performance calculation and
evaluation. Random forest outperformed machine learning
models such as support vector machine, k-nearest neighbors,
and logistic regression [6].

e Keerthana Rajendran's study (2019) "Predicting breast cancer
using supervised machine learning techniques™ published in
the International Journal of Innovative Technology and
Exploring Engineering provided an overview of the evolution
of machine learning techniques in cancer research, focusing on
breast cancer. Algorithms such as linear regression, random
forest, multilayer perceptron, and decision trees were applied,
with multilayer perceptron showing better performance
compared to other techniques [7].
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Hyung-Chul Lee's study (2018) "Derivation and Validation of
Machine Learning Approaches to Predict Acute Kidney Injury
after Cardiac Surgery"” conducted at Seoul National University
College of Medicine focused on developing machine learning
approaches for better predictive capability compared to
statistical analysis for post-surgical outcomes. Various
machine learning techniques including decision tree, random
forest, gradient boosting, support vector machine, neural
network classifier, and deep learning were applied. The
performance of these techniques was compared to logistic
regression analysis, with decision tree, random forest, and
support vector machine showing similar performance to
logistic regression at (69%), while gradient boosting showed
better performance with an error rate of (78%) [8].

4. RESEARCH IMPORTANCE

The importance of this research lies in understanding how to utilize
one of the important fields of artificial intelligence, machine learning,
and how to train it on a dataset of Alzheimer's patients to test its
efficiency and predict the disease. This is crucial for diagnosing it for
utilization in various settings.

5.

1.

RESEARCH SOURCES AND LIMITS

We obtained 629 samples from individuals aged 55 to 90 from the

Kaggle organization, which is an online platform for data
scientists and machine learning engineers.
Spatial Limitations: Kaggle organization.

Temporal Limitations: From the year 2014 to the year 2022.
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6. RESEARCH METHODOLOGY

This section describes the method used for predicting Alzheimer's
disease using machine learning (ML), encompassing a variety of
algorithms used in artificial intelligence. Numerous systems have been
developed for detecting and predicting Alzheimer's disease.
Unfortunately, disease recognition still relies on medical expertise,
particularly in Libya. We propose an Alzheimer's prediction system
that can be used by both experienced and inexperienced doctors. The
system's architecture is summarized in Figure (1), where each block
represents a stage in the system.

Defining the System'’s Operation

O

Data Collection and Analysis

Y

Model Training and Evaluation

O

System Design and
Implementation

Figure 1: The general structure of the system

1. Stage One: In this stage, the system's function was identified
and specialized for the medical field, along with conducting a
comprehensive study on machine learning to elucidate the
system's potential success in diagnosing Alzheimer's disease.

2. Stage Two: Data was collected by downloading a dataset
specific to Alzheimer's disease, and the Python programming
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language was chosen to implement the system, along with
importing necessary libraries to facilitate execution. Data was
read and processed by cleaning it from empty values and
uninformative columns, dividing the data, converting
categorical values to numerical ones, and normalizing
numerical data. The data was graphically represented, and its
statistics were presented.

3. Stage Three: In this stage, the data was divided into training
and testing datasets to train and evaluate the model. Then, the
Random Forest (RF) classifier was selected to display the
important features affecting model training, and the Logistic
Regression (LR) model was used. The model was trained and
evaluated on training and testing datasets. Error accuracy was
calculated by identifying the type of errors.

4. Stage Four: In this stage, the user interface and its contents
were designed, including buttons, data inputs, and symptoms
of the condition. The system was implemented to predict
Alzheimer's disease.

7. DESIGN AND IMPLEMENTATION

In this section, the theoretical design of the system was studied using
machine learning stages to facilitate the practical system design. These
diagrams are practically translated to succeed in machine learning in
the medical field:

1. Stage One - System Scope Definition: The system's scope was
defined to be in the medical field, accompanied by an
extensive study on machine learning to elucidate the system's
potential success in diagnosing Alzheimer's disease.

2. Stage Two - Data Collection: In this phase, data was collected
by downloading a dataset for Alzheimer's patients in CSV
format. The Alzheimer's dataset comprises three target
categories: Cognitively Normal (CN), Late Mild Cognitive
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~ Dx Codes b Submission | - Gesotype! - | imouted genchype - MMSE - APOE4 - PTEDUCAT| - PTGENDER - AGE - EXAMDATE|- OXBI - AcoOstel - Vit - Modely| - Imsoe DatalD -

CN
CN
CN
CN
CN
CN
CN
AD
MCI
CN
MCI
CN
MCI
CN
NCI
MCI
CN
CN
CN

Impairment (LMCI), and Alzheimer's Disease (AD), As shown
in Figure 2.

33 FALSE 29 0 12 Female 785 11/4105 CN  9/29/05 1 MRI 59375 140225 0014 | 7

34 TRUE 2 18 Male 808 10/18/05 CN  9/26/05 1 MRI 33066 15 100_S_0015 | s
34 FALSE 28 1 9 Male 664 101305 CN  9/27/05 1 MRI 32306 16 011_5_0016 | s
23 TRUE 2 0 18 Female  73.1 11123005 CN 1011205 1 MRl 45208 19067 S_0019 | v
23 FALSE 0 0 18 Female 726 1024106 CN 101005 1 MRI 32332 21011.5.0021 | n
34 FALSE 2 17 Male 632101905 CN 101005 1 MRI 32380 22 011.5_0022 12
3 FALSE % 0 14 Male MT11/805 CN 103105 1 MRI 32409 23011.5_0023 |1
34 TRUE A1 18 Male 64.110/31/05 AD 1071405 1 MRI 38717 29 067_5_0029 1
3 TRUE 2 0 19 Female 80 1020006 LMCI 101005 1 MRI 31631 30 023_S_0030 |55
3 TRUE 0 0 18 Female  77.7 10/24/05 CN 1012105 1 MRI 69612 31023 5 0031
23 TRUE 2 0 20 Male 833129005 LMCI 112205 1 MRI 45166 33 035_5_0033 1
3 TRUE 00 18 Male 769 118005 CN 102005 1 MRI 33074 35 100_S_0035 |8
33 FALSE 2% 0 12 Male 768 121505 LMCI 111005 1 MRI 35875 38 067_S_0038 |1s
33 FALSE 8 0 18 Male 132 1214105 CN 1024105 1 MRI 34607 40 099_5 0040 |0
4  TRUE % 2 14 Female  70.9 11/14/05 LMCI 10121/05 1 MRI 35734 41007_S_0041 21
33 TRUE 0 0 18 Male 128 11/10/05  LMCI 10/31/05 1 MRI 31084 42 023.5 0042 22
23 TRUE 2 0 16 Male 7622306 CN 12805 1 MRI 36485 43 018_S_0043 =z
2 TRUE 00 20 Male 847121505 CN 1147/05 1 MRI 33086 47 100_S_0047 |2
44 FALSE 2 2 14 Male 183121905 CN 112206 1 MRI 45183 48 035_5_0048 |25

Figure 2: Samples from Alzheimer's patients.

Stage Three - Language Selection: Python language was
chosen for its portability, dynamism, free availability, object-
oriented programming support, and extensive libraries.

Stage Four - Library Import: Libraries such as NumPy,
Pandas, Matplotlib, Scikit-Learn, and Tkinter were imported to
facilitate system implementation.

Stage Five - Data Reading: Data was read in CSV format using
the “read_csv()" function from the Pandas library.

Stage Six - Data Processing and Preparation: Data was
processed by cleaning it, splitting features into input and
output sections, removing irrelevant features, converting
categorical values to numerical using one-hot encoding, and
normalizing numerical values.

Stage Seven - Data Representation: Data was graphically
represented using Matplotlib's “pyplot™ class, showing
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distributions of numerical features and output labels and
presenting statistical summaries. As shown in Figure 3.

AGE Distribution
MMSE Distribution

PTEDUCAT Distribution

12 4 1% 11 0

(=] AD

Figure 3: Data representation.

8. Stage Eight - Data Splitting: Data was split into training and
testing sets using Scikit-Learn's “train_test_split” method to
enable model training and evaluation.

9. Stage Nine - Model Selection, Training, and Evaluation:
Various classification models from Scikit-Learn were
imported, trained, and evaluated on the training and testing
data. Logistic Regression (LR) was selected as the best-
performing model for predicting new values. As shown in
Figure 4.
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Validation Accuracy LogisticRegression = 68.27%
Testing Accuracy LogisticRegression = 74.60317460317461 %

Validation Accuracy RandomForestClassifier = 65.67%
Testing Accuracy RandomForestClassifier = 0.6349206349206349

Validation Accuracy KNeighborsClassifier= 65.67%

Testing Accuracy KNeighborsClassifier = 0.658730158730158
Validation Accuracy MLPClassifier = 52.07%

Testing Accuracy MLPClassifier = 0.6507936507936508
Validation Accuracy SVC = 43.86%

Testing Accuracy SVC = 0.5793650793650794

Figure 4: The evaluation ratio for each model.

10. Stage Ten - Error Accuracy Calculation: Error accuracy was
computed using Sklearn's "hamming_loss™ class to determine
the type of error (total miss, underestimate, or over-estimate).
As shown in Figure 5.

error = 0.25396825396825395

Figure 5: Calculating error accuracy.

11. Stage Eleven - System Interface Design: The system's general
structure and contents were planned by defining the system
screen and its components, facilitating practical system design
using the TKinter library. As shown in Figure 6.
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§ alzhaymar - a X
Y
NAME : [N AcE: Il VvvsE: [l PTEDUCAT : [l
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imputed_genotype : = True » False
APOE4 : APOE Genotype result

w0 m22 =m33
w1 23 =m34
m 2 m24 w44

Figure 6: Designing the main screen.

8. CONCLUSIONS

At the end of this paper, we have developed a predictive system for
Alzheimer's disease using machine learning
algorithms. The following algorithms were utilized:

e SVM algorithm with a test accuracy of 57.93%.
e MLP algorithm with a test accuracy of 65.07%.
e K-NN algorithm with a test accuracy of 65.87%.
e RF algorithm with a test accuracy of 63.49%.

e LR algorithm with a test accuracy of 74.60%.

Based on the comparison with the previous algorithms, it can be
concluded that the LR algorithm performed the best in terms of test
accuracy, with an error rate of 25.40%. For feature selection, the RF
algorithm was adopted, and it was integrated with the LR algorithm to
achieve better results.
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9. RECOMMENDATIONS

There are some future recommendations that should be considered:

1. Increase the number of cases (samples) as much as possible to
obtain better results in system prediction.

2. Increase the number of features to improve prediction accuracy.

3. Incorporate MRI images into the Alzheimer's disease dataset and
compare them using image processing techniques.

4. Utilize deep learning (DL) algorithms for prediction.
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Abstract

This research investigates Google's encryption and key management
protocols within its distributed databases to understand how the
company secures sensitive data and guide similar organizations in
enhancing their security postures. Employing a comprehensive review
of scholarly articles, technical documentation, and Google's public
security disclosures, the study reveals Google's adoption of a multi-
layered encryption strategy, combining symmetric and asymmetric
techniques, alongside a distributed key management system that
restricts access to authorized personnel. It further highlights the use of
hardware security modules (HSMs) and stringent access controls to
safeguard encryption keys. The findings suggest that Google's
approach provides a robust security framework for distributed
databases, recommending that organizations with similar security
needs consider adopting layered encryption practices, decentralized
key management, and reliable security mechanisms to protect their
encryption keys. This study contributes to the broader understanding
of effective data protection strategies in distributed computing
environments.
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1. Introduction

The proliferation of distributed databases, fueled by cloud computing
advancements, addresses the growing demand for scalable, available,
and fault-tolerant data management systems. These databases,
essential for handling extensive data across distributed networks, are
classified into homogeneous (uniform DBMS and OS) and
heterogeneous (varied systems) types, each presenting distinct
security challenges. Homogeneous databases are further divided into
autonomous and non-autonomous systems, while heterogeneous ones
are categorized as federated or un-federated, complicating transaction
and query processing. The benefits of distributed databases include
improved scalability, fault tolerance, and performance, making them
ideal for data-heavy applications like e-commerce and social media.
Nonetheless, the complexity of securing data across various nodes
necessitates sophisticated encryption and key management strategies.
Google exemplifies the implementation of a multi-layered encryption
approach and a distributed key management system to safeguard its
distributed databases [1]. This study aims to dissect Google's security
framework to offer valuable insights into securing distributed
databases against inherent risks and challenges.

Securing these databases involves overcoming obstacles such as
managing security across multiple nodes, ensuring data
confidentiality, integrity, availability during transit, and implementing
effective access control and encryption/key management strategies.
Challenges also include mitigating risks of data loss or corruption and
insider threats. Addressing these issues requires a comprehensive

security strategy encompassing network security, robust access
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controls, diligent encryption and key management practices, data
redundancy plans, and thorough employee training to prevent data
breaches and ensure data integrity across distributed environments [2].

1.1 Problem Statement

The security of distributed databases, essential for managing vast
amounts of sensitive data across multiple nodes, is challenged by the
complexity of encryption, key management, and the mitigation of
risks such as data loss and insider threats. This paper is looking to
explore Google's effective strategies in these areas to provide a
blueprint for similar organizations seeking to enhance their security
frameworks.

1.2 Purpose of The Study

This study aims to dissect the complex security challenges of
distributed databases, focusing on encryption and key management to
develop strategies for effective risk mitigation. It seeks to illuminate
the intricacies of protecting data across multiple nodes and establish
robust security measures for safeguarding sensitive information within
these systems.

1.2.1 Objectives of The Study

The objectives include investigating the security hurdles of multi-node
systems, assessing vulnerabilities in network communications,
identifying effective access control mechanisms, and exploring
encryption and key management practices. Additionally, the study
focuses on evaluating data backup and redundancy solutions to
prevent data loss or corruption, and scrutinizing employee training
and monitoring to mitigate insider threats. Through this
comprehensive analysis, the study intends to provide actionable
insights for enhancing the security of distributed databases.
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