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Publication Rules and Procedures

General Rules:

Research papers sent for publication in the Journal of Science and Technology at the University of Science
and Technology - Aden, Yemen, should meet the following requirements:

1. The journal publishes research papers in Arabic and English, in the following categories (but not limited
to): Physics, Chemistry, Mathematics, s Engineering, and Computer Science. if they comply with the following
conditions:

a. Title:

Atitle should summarize the main idea of the manuscript. It should identify the variables under investigation
and the relationship between them. It should be concise and fully explanatory for readers when standing
alone. It is recommended to be no more than 12 words and with no abbreviations. It should be typed in
uppercase and lowercase letters, centered in the upper half of the page.

b. Author's name and institutional affiliation:

Every manuscript should include the name of the author and the institutional affiliation of the author when
the research was conducted.

Author's name:

The preferred form of an author's name is first name, middle initial(s), and last name, with no titles (e.g., Dr.,
Professor) or degrees (e.g., PhD, PsyD, EdD). If the manuscript is done by more than one author, the names
of the authors should be in the order of their contributions, centered between the side margins.
Institutional affiliation:

The affiliation (i.e. institution) should be centered under the author’'s name on the next line. If an author has
no institutional affiliation, list the city and state of residence below the author's name. The emails for all
authors should be provided.

c. Abstract:

An abstract in both Arabic and English must be included, with the former version in the language of the
manuscript. It should be in a form of a brief, comprehensive summary of the contents of the manuscript
written in a single paragraph with no paragraph indentation. It must not exceed 200 words.

The abstract should clearly describe the problem under investigation, in one sentence if possible; identify
the purpose of the research, the essential features of study method; the participants’ relevant characteristics
such as age, sex, and ethnic and/or racial group; the basic findings including statistical significance levels;
and the conclusions and the implications or applications. Keywords (3 - 5) should follow the abstract to
increase user's ability to find useful information in the manuscript.

Introduction:

The body of a manuscript starts with an introduction that frames the problem under study and explores the
importance of the problem (why the problem deserves new research). The statement about importance
might involve the need to resolve any inconsistency in results of past work and/or extend the reach of a
theoretical formulation and/ or investigate a practical problem that people suffer. The introduction ends in
concluding the statement of the problem with a brief but formal statement of the purpose of the research
that summarizes the material preceding it.

The author needs to discuss the relevant related literature in the introduction. A scholarly description of the
earlier work will provide a summary of the most recent directly related work and recognize the priority of the
work of others. The description of relevant literature will present what other aspects of this study have been
investigated in the previous studies and how the current study differs from the earlier ones. For summarizing
earlier works, focus should be on the topic (research syntheses of the topic), methodological issues, relevant
findings, and main conclusions.

The discussion of related literature should demonstrate the logical continuity between previous and present
work (demonstration of gaps); and the development of the problem should have enough breadth and
clarity that make it easy to understand by a wide range of professionals.

After developing the theoretical background and the problem of the study, the author has to state the
objectives and the hypotheses or specific questions. The introduction should be 10 to 15% of the manuscript.
It starts on a separate page (i.e. p. 3).
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d. Method:

This section describes in detail how the study was conducted, including conceptual and operational
definitions of the variables used in the study. A comprehensive description of the methods used enables the
reader to evaluate the appropriateness of the methods and the reliability and the validity of the results. It may
include participant characteristics, sampling procedures, sample size, measures and research design.

e. Results:

Results section summarizes the collected data and the analysis done on those data. It should provide
sufficient detail about the data to justify the study conclusions. The results should also include details that
may not match the study expectation; or even small effect sizes (or statistically non-significant findings)
particularly when theory predicts large (or statistically significant) ones. Uncomfortable results should not be
omitted. The data can be presented in tables or figures (data presented in tables should not be represented
in figures). Tables should be numbered in order of mention in the text. Tables can be single-spaced and
should not contain any lines. Asterisks may be used to indicate significant findings. Symbols, acronyms or
abbreviations should be used sparingly. Explanatory footnotes should be used whenever possible rather
than overlong titles. Images should be submitted as high-resolution files (300 dpi or higher) in TIFF format
(LZW compression) or JPEGs.

f. Discussion:

After presenting the results, their implications should be evaluated and interpreted, especially with respect
to the original hypotheses. The author needs to examine, interpret, and draw inferences and conclusions
from the results emphasize any theoretical or practical consequences of the results (Results and discussion
can be combined in one section). Similarities and differences between the results and the work of others
should be used to contextualize, confirm, and clarify the conclusions. Each new statement should contribute
to the interpretation and to the reader's understanding of the problem.

The interpretation of the results should discuss the limitations or weaknesses of the study, and address
alternative explanations of the results. It also discusses the generalizability of the findings. This critical analysis
should take into account differences between the target population and the accessed sample.

g. Conclusion:

This concluding section presents a brief, reasoned and justifiable commentary on the importance of the
findings. It is tightly reasoned, self-contained, and not overstated. In this section, the importance of the
problem (as stated in the introduction) should be discussed; what larger issues might depend on the
findings; and what propositions are confirmed or disconfirmed.
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This section refers to the aid received by the author from other relevant parties. Reference should also be
made to any financial assistance received to conduct the research. Any extraordinary assistance received by
the author in word processing, data collection, data analysis, and so on, should be acknowledged. The
acknowledgements should not exceed 60 words.
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References start on a separate page.

Authors should acknowledge the work of previous scholars by citing references to document statements in
their manuscripts. JST uses IEEE standard format. For accurate, complete, and useful citations, authors can
use a reference management tool.

Publication Procedures:

Manuscript acceptance, rejection, or acceptance with revision:

The editor decides whether the manuscript is accepted, rejected or needs to be revised based on the
reviewers' reports.

Manuscript acceptance: Accepted manuscripts will undergo copy-editing and production phases of
publication process. The authors will not be allowed to make further changes to the manuscript except for
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Total Quality as an Approach to Developing Architectural Education

A. M. Y. Elbaradei
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Abstract— Total Quality Management (TQM) — the third
revolutionary wave following the Industrial Revolution and
the Computer Revolution — is a modern concept that emerged
at the end of the last century as a result of intense global
competition among economic, industrial, technological, and
commercial organizations in developed countries. This was
particularly evident between Japanese institutions on one
side and European and American institutions on the other,
aiming to achieve customer satisfaction. In the past few
decades, the term "TQM™" began to enter the field of
education. This research paper seeks to shed light on what
this approach can offer in higher education in general and in
architectural education in particular.

Keyword__ Total Quality Management (TQM),
Architectural Education, Customer Satisfaction, Educational
Reform.

I. INTRODUCTION
At the beginning of this century, there has been a growing
interest among numerous educational institutions in
implementing Total Quality Management (TQM) in both
general and higher education. The aim is to achieve a better
quality of learning and to graduate students who are more
capable of effectively serving their communities.

Total Quality in education has become a prominent
concept worldwide, proving its success over time. In fact, the
era we live in is often referred to as the “Era of Quality”. The
number of educational institutions adopting Total Quality
Management systems is continuously increasing, whether in
the United States®, European countries, Japan, and other
advanced nations, or in many developing countries such as
India, Malaysia, Pakistan, and others. Some Arab countries,
including Gulf countries, Jordan, Egypt, Palestine, and
others, have also begun implementing this approach in some
of their educational institutions.

In education total Quality is closely linked to the
processes of teaching and learning, as well as the
management of the educational process. It involves
connecting education to the needs of society and the labor
market, bringing about purposeful educational change, and
fostering creativity among learners. Learning occurs when
there is interaction between the learner and his environment,
leading to a modification in the learner's behavior. Our role is
to provide the opportunity for this interaction to take place so
that learning can occur. This means creating all the necessary

conditions and a suitable environment for learning, which
requires setting standards for processes, including a specific
system to ensure the quality of education. Therefore, this
research seeks to answer the following question:

What role can the concept of Total Quality play in university
architectural education?

Il. RESEARCH OBJECTIVES
This research aims to achieve several objectives, which are:

1. To explore the concept of Total Quality in its broad
sense, its application in the field of education, and
the modern trends in this area.

2. To identify the justifications and benefits of
implementing Total Quality in university education.

3. To examine the extent to which the current
university education system is suitable for applying
the principles and foundations of Total Quality.

4. To identify the requirements for implementing Total
Quality in the university education system.

5. To explore how the concept of Total Quality can be
applied in architectural education and the expected
benefits.

A. First: Defining the Concept of Total Quality and its
Modern Trends:

1. The Concept of Quality from an Islamic Perspective:
The concept of quality is not new in our Islamic culture.
A discerning observer of the sources of Islamic
legislation—the Holy Quran and the Prophetic
Sunnah—can describe Islam as the foundation of
quality and excellence in worship, transactions, and all
aspects of life daily. [2]

Islam is the religion of excellence, mastery, and skill. It
calls for righteous and collective work, emphasizing
conformity and monitoring—two measures of good
deeds and standards for performance quality and
mastery. Mastery is broader and more comprehensive
than the term "quality" or merely doing a good job.
The Prophet Muhammad (peace be upon him) said:
"Allah loves that when one of you does a job, he does it
with excellence?.”

“lhsan” (excellence) means doing what is good and
avoiding what is bad, performing good deeds that
elevate humanity and improve their interactions.

Allah Almighty says: "Indeed, those who have believed
and done righteous deeds—indeed, we will not allow to

The number of higher education institutions adopting the concept of total quality?Narrator: Aisha, may Allah be pleased with her. The Hadith Scholar: Ibn
in America increased from 78 institutions in 1980 to 220 in 1991, and then to 2,196 Adi. Source: Al-Kamil fi al-Du'afa; page 84.

institutions in 2001. [1]
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be lost the reward of any who did well in deeds.” (Quran
18:30)
The Prophet Muhammad (peace be upon him) said:
"Allah loves the worker who perfects his works."

2. The Conceptual Definition of Total Quality:

Total Quality is primarily an economic term that

emerged due to industrial and technological competition

among advanced industrial nations. There are numerous

definitions of Total Quality, and the meanings of the

words that constitute this concept are as follows:
Quality:

e Complete customer satisfaction— Armand V.
Feigenbaum, 1956. [3]

e Conformance to requirements— Philip B. Crosby,
1979. [4]

e Fitness for use as perceived by the user— Joseph
Juran, 1989. [5]

e A predictable degree of uniformity and
dependability at low cost, suited to the market, W.
Edwards Deming*,2001. [6]

e Performing the right task correctly from the first
time, relying on customer feedback to assess
performance improvement. The American Federal
Quality Institute, 2016. [7]

Total:

e Itinvolves applying the principle of seeking quality
in every aspect of work, from identifying customer
needs to evaluating whether the customer is satisfied
with the services or products provided. [8]

e Itisa cooperative form of performing work, relying
on the shared abilities of both management and
employees, aiming for continuous improvement in
quality and productivity through teamwork. [9]

e Itisastrong and consistent focus on customer needs
and satisfaction, achieved through the continuous
development of process outcomes to meet customer
requirements. [10]

All these definitions, despite differences in wording and
meaning carry a single concept: '""Gaining customer
satisfaction."

Moreover, these definitions share an emphasis on the
following:
a. Continuous improvement in development to achieve
long-term results.
b. Teamwork involving
expertise.
c. Reviewing and
requirements.
As for the concept of Total Quality (TQ) in education:
It pertains to all the features and characteristics related to the
educational field that reflect the quality of the desired
outcomes. It translates the needs and expectations of the

individuals with diverse

responding to  customer

®Narrator: Kulayb al-Juhani. The Hadith Scholar: Al-Albani. Source: Sahih
al-Jami'; page 1891

“He is an American engineer considered the father of quality, with a
philosophy and ideas in this field that he initially presented in America in the
mid-20th century, but they were ignored. Later, Ishikawa (the president of
the Japanese Federation of Economic Organizations) invited him to deliver a
series of lectures there. He then taught Japanese producers how to transform

Journal of Science
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primary beneficiary—the student—into specific
characteristics that form the foundation of their education and
training. It also involves generalizing the educational service
and formulating it into goals that align with their aspirations
[11].

Consequently, (TQ) in this field aims to prepare students with
specific attributes that enable them to cope with the
abundance of information, ongoing changes, and tremendous
technological advancements. Their role is not limited to
merely transferring knowledge or listening but extends to
engaging with this information and utilizing it sufficiently to
serve the learning process [12].

This requires individuals with specific qualities who can
comprehend everything new and rapidly evolving and deal
with it effectively. It also necessitates a significant shift in the
role of educational institutions and their staff—faculty
members, administrators, and technicians—so that everyone
works to provide an educational environment that allows
freedom of expression and discussion and helps students
achieve self-directed and collaborative learning [13].

In the educational sector, Total Quality Management
(TQM) is defined as:

"A strategic management process based on a set of values and
driven by information that enables the utilization of student'
talents and the investment of their intellectual capabilities at
various organizational levels in a creative manner to achieve
continuous improvement in the educational institution™ [14].
This definition focuses on the concept of systems
management, which links the "inputs - processes - outputs" of
the educational process [15].

Consequently, this concept requires considering both the
students, who are the direct beneficiaries of this approach,
and how the educational institution prepares them to meet
their current and future needs. It also includes faculty
members, administrators, and technicians, who need training
and development to enhance their skills and competencies to
grasp the philosophy, concepts, and applications of (TQ) [16].
Based on these definitions, we can say that (TQ) within the
framework of an educational institution encompasses a set of
key elements, the most important of which are:

e Adopting a collaborative teamwork approach and
leveraging the capabilities, talents, and expertise of the
human element within the educational institution.

e  Ensuring continuous improvement and development to
enhance quality.

e Minimizing errors by performing tasks correctly from
the first time and every time, which leads to reducing
costs to a minimum while achieving satisfaction among
both internal and external beneficiaries of the
educational process.

e Calculating the cost of quality within the educational
institution to include all activities related to the services

cheap and inferior goods into high-quality products. Indeed, Japanese goods
gained a competitive edge over American products. When asked about the
reason for the greater success of Total Quality Management in Japan
compared to the United States, he said the difference lies in the
implementation process, that is, the embodiment and application of Total
Quality Management [2].

https://journals.ust.edu/index.php/JST
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provided, such as: costs of missed opportunities, costs
of errors, evaluation processes, and the institution's
reputation [17].

e A holistic approach to all areas of the educational (TQ)
system, including objectives, organizational structure,
work methods, motivation, incentives, and procedures.

The "Deming" program for improving and implementing is
one of the most important modern trends incorporated into
the design of any (TQ) curriculum applied in educational
institutions. This program consists of 14 points:
1. Create a constant need for education and
improvement in production and service.
2. Adopt a new philosophy for development.
3. Implement the philosophy of continuous
improvement.
Avoid making decisions based solely on costs.
Eliminate the need for inspection.
Focus on continuous training.
Provide effective and conscious leadership that
embraces the philosophy of Total Quality,
implements it, and supports it.
8. Eliminate fear among leadership.
9. Remove barriers in communication.
10. Avoid slogans that rely on achievements and facts.
11. Avoid using performance limits.
12. Encourage expressing feelings of comfort and pride
in confidence.
13. Implement a continuous improvement program.
14. Understand aspects of work through the “Deming
cycle” [11]:

No gk

° Plan

) Do

e  Check
° Act.

See Fig. No. (1)

Fig. 1. Deming Cycle /
Source — Researcher

°A recent study has shown that 80% of educational institutions that failed to
implement a Total Quality Management (TQM) system did so due to

https://doi.org/10.20428/jst.v30i5.2803
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B. Secondly - Justifications and Benefits of Total Quality
(TQ) in University Education:
The topic of (TQ) in educational institutions has garnered
significant attention, leading to the organization of
workshops and seminars in many countries. This comes after
the successes achieved in economic, industrial, and
technological fields. This does not merely mean striving to
increase profits by improving the product but rather
leveraging it to develop methods of the educational process
to achieve the quality of the educational product. Among the
justifications for applying this new approach in education are
the following [18]:

e The quality system's
comprehensiveness in all fields.

e The universality of the system, as it is a
characteristic of the current era we live in.

e The success of its application in many educational
institutions, whether in the public or private sector,
in many countries around the world®.

e The connection of total quality with the
comprehensive  evaluation of education in
educational institutions [20].

These justifications and others confirm that the application of

(TQ) in the educational system requires continuous efforts
that go beyond improving performance. Instead, they aim to
enhance educational inputs, processes, and outputs.

The (TQ) system in education can achieve numerous benefits,
including [15]:

1. Regulating and developing the administrative system in
any educational institution due to the clarity of roles and
precise definition of responsibilities.

2. Elevating students' levels in all aspects: physical,
mental, social, psychological, and spiritual.

3. Raising the standards of faculty —members,
administrators, technicians, and staff in educational
institutions.

Developing methods of measurement and evaluation.
Improving the use of modern educational technologies.
Increasing trust and cooperation between educational
institutions and the community.

7. Providing an atmosphere of understanding, cooperation,
and healthy human relationships among all staff in the
educational institution, regardless of its size or type.

8. Increasing awareness and a sense of belonging toward
the educational institution among internal beneficiaries
(students, faculty members, administrators, and staff).

9. Granting the educational institution greater respect,
local appreciation, and global recognition [14].

C. Third: The Suitability of the Current University Education
System for Applying Total Quality (TQ) Principles and
Foundations:

To begin with, it is essential to distinguish between applying
Total Quality principles in the educational field and other
fields—whether industrial, commercial, technological, etc.—
as the difference is clear and evident. This is due to the
following reasons:

connection to

o oA

problems encountered at the upper and middle management levels, as well
as their lack of commitment to applying it within their institutions [19].
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a. Industrial inputs, etc., can be controlled, whereas
this is difficult in education because students are
human beings whose performance may vary.

b. Itiseasy to define processes in industrial fields, etc.,
and it is easy to control the specifications of the
manufacturing process. However, in education, the
process is interactive, occurring between the teacher
and the learner, and depends on relationships
between humans with different behaviours and
reactions. Therefore, it is difficult to define specific
specifications in the educational process.

c. In industry and other fields, it is easy to control
outputs that lead to customer satisfaction. In
education, however, there are multiple beneficiaries
who are difficult to satisfy all of them [11].

Therefore, Total Quality in the educational and
pedagogical field generally refers to “A set of standards and
procedures aimed at achieving continuous improvement in
the educational product. It refers to the expected
specifications and characteristics, as well as the processes and
activities through which these specifications are achieved”
[21].

The application of the Total Quality system in some
universities around the world has led to a qualitative shift in
the level of higher education programs [15]. In a previous
comparative study to monitor the changes that occurred in a
university educational institution that transitioned from a
traditional system to adopting the (TQ) system— Table No.
(1)—the following was observed:

1. The principles and foundations of Total Quality
significantly contributed to elevating the level of
performance within universities—both
academically and administratively.

2. It provided integrated tools and methods that helped
achieve satisfactory results.

3. It fostered close relationships among staff within the
university institution.

4. It developed methods of communication, decision-
making, and problem-solving, among others.

5. It established new principles within the university
system, such as the necessity of continuous
improvement, the rejection of errors, and the goal of
satisfying beneficiaries (both internal and external),
etc [22].

D. Fourth: Requirements for Implementing Total Quality
Management in University Education:

Total Quality Management (TQM) requires educational
institutions to establish fundamental prerequisites to properly
adopt and implement TQM concepts, moving beyond
theoretical ideas to practical application. The goal is to
achieve satisfaction for both internal (students, faculty,
administrators, staff) and external (local community and
labor market) beneficiaries. Among these requirements are
[18]:

1. Support and endorsement from top management for
the Total Quality Management system.
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2. Embedding a culture of Total Quality Management
among all individuals, which is a key step in serving
the new directions for development and quality
improvement in educational institutions.

3. Developing human resources—for  faculty,
administrators, technicians, and staff—and updating
curricula, adopting advanced evaluation methods,
and modernizing organizational structures to
achieve the desired educational quality.

4. Involving all employees in efforts to improve
performance levels.

5. Continuous education and
individuals.

6. ldentifying the needs of internal beneficiaries
(students, faculty, administrators, staff) and external
beneficiaries (local community and labor market),
and subjecting these needs to performance and
quality measurement standards.

7. Encouraging the educational institution to
effectively practice self-evaluation of performance.

8. Developing information systems to gather facts for
making sound decisions regarding any occurring
issues.

9. Delegating authority and decentralizing decision-
making.

10. Genuine participation of all beneficiaries in the
educational institution in formulating plans and
objectives necessary for the institution's quality of
work. This includes defining everyone's roles,
unifying efforts, and boosting morale in the work
environment at all stages and levels.

11. Using quantitative methods in decision-making to
increase objectivity and reduce subjectivity.

E. Fifth: Applying Total Quality Management in University

Architectural Education and Its Expected Benefits:

Jablonski has developed an applied methodology—for any

educational field—in the form of fourth stages where

participants learn essential skills that enable them to work

effectively. These stages are as follows [23]:

1. Decision-Making Stage: In this stage, managers—
whether top, middle, or direct management—decide
whether they will benefit from applying Total Quality
Management or not.

2. Planning and Formulation Stage: This stage involves
formulating a vision for the educational system within
the educational institution—or department—along with
its desired goals, proposed strategies, and policies. This
stage requires disseminating the spirit and concepts of
Total Quality (TQ) at all levels and selecting some
members to participate in the development process.

3. Evaluation and Assessment Stage: This stage includes
self-assessment of individual performance and
organizational evaluation of the system, along with
conducting a comprehensive survey to ensure the
satisfaction of internal and external stakeholders.

4. Implementation Stage: This is the stage where the
philosophy of (TQM) is put into practice.

training for all
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Table No. (1)- A comparison table to monitor the changes occurring in a university educational institution that transitioned
from the traditional system to adopting the Total Quality Management system - Source: Journal of the Association of Arab
Universities, Amman, Issue (4), April 2007

No. Comparison Area Changes
Before After
Traditional University University Operating with Total
Quality Concept
1 Vision and Values Responsibility of Top Management Shared by Everyone
2 Management's View of Workforce Human Resources
Employees
3 Management Style Management by Control Management by Participation
4 Focus on Efforts Effort for Daily Wage Focus on Rationalizing Efforts
5 Scope of Application Narrow Scope Integrated Process
6 Accountability Individual Responsibility Team Responsibility
7 Performance Negative Reinforcement (Punishment for Positive Reinforcement (Reward for
Reinforcement Mistakes) Improvement)
8 Communication Top-Down Mutual
9 Decision-Making Mandatory Orders Consultation Before Decision-Making
10 Individual Skills Narrow Specialization Diverse Skill Sets
11 Work Development Responsibility of Supervisors Responsibility of Everyone
12 Delegation of Assignment (Only for Supervisors) Honor (For All Employees)
Responsibility
13 Employee Training Developmental Duty Developmental Right
14 Improvement As Needed Continuous Improvement
15 View of Work Quality Higher Quality Means Higher Cost Higher Quality Means Lower Cost
16 Problem-Solving Focus on Problems Related to Results Focus on Problems Related to Processes,
Then Addressing Them to Prevent
Recurrence
17 Errors Errors are Detected and Corrected Assumption that Errors Will Not Occur,
and Planning to Avoid Them
18 Tolerance for Errors Errors are Acceptable Errors are Unacceptable
19 Goal Satisfy the Manager Satisfy the Customer (Internal and
External) Above All
20 Quality Department Responsible for Quality Quality is Everyone's Responsibility in
the University
Therefore, applying the concept of (TQM) in architectural b. It will help provide a healthy and correct

education goes through several steps—after fulfilling the
previous requirements—which include:

1.

2.

3.

5.

Having a clear vision for the future and a defined
mission to serve society.

Establishing goals to be achieved in the long,
medium, or short term.

Developing implementation plans to achieve these
goals, along with programs and timelines for
execution.

Evaluating performance considering the set goals,
objectives, and plans, considering the surrounding
circumstances.

Improving and enhancing performance.

Applying the concept of (TQM) in university architectural
education will yield numerous benefits that will undoubtedly
enhance the quality of the output—the primary beneficiary
being the student of architecture. These benefits include:

1.

In the Academic Field:

a. It will help in continuously developing the
curriculum and identifying new theoretical and
practical knowledge areas that align with labor
market requirements.

https://doi.org/10.20428/jst.v30i5.2803

educational environment for both students and
faculty members.

It will significantly contribute to improving the
teaching process—in terms of performance style
or evaluation methods—in this field.

It will help develop scientific research in
architecture to align with local and global
societal needs.

It will provide indicators to ensure the quality of
education in this field, including:

The number of credit hours for each course
(if following a credit-hour system).

The number and types of courses required at
each academic level.

The number of faculty members per
specialization.

The types and titles of books and references
required for each course.

Educational resources and methods of their
use in the educational process to contribute to
achieving goals.
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e Methods of evaluating and measuring each
student’s performance during and at the end
of each semester or academic year. 4.
f.  Itwill grant departments that implement it a level
of distinction, local recognition, and
international accreditation.
2. Inthe Administrative Field: 5.
a. It will help establish standards for evaluating the
performance levels of all administrative
elements within the system. 6.
b. It will assist in restructuring jobs and activities
according to these standards and performance

levels.
c. It will help reduce wasted costs—in terms of
time and money—resulting from poor 7.

administrative performance in some tasks.

d. It will contribute to the flexibility of
administrative procedures necessary for the
educational process.

e. It will help define roles and unify efforts across
all stages and levels [18].

I1l. RESULTS

From the above, we can conclude the following points: 8.

1.

Islamic legislation has addressed total quality in its
most complete form by emphasizing lhsan
(excellence) and Itgan (mastery). Itgan pertains to
the skills acquired by individuals, while lhsan is
broader and more comprehensive than Itgan. It
represents an internal force nurtured within a
Muslim’s being, tied to their conscience, and
translated into manual skills as well. These two 9.
elements are among the most important principles and
foundations of total quality.

Total quality in education has become a hallmark and
requirement of the era we live in, often referred to as
the "Era of Quality."

Total quality represents global standards for
measuring educational outcomes and outputs and a

shift from a culture of minimum standards to a culture

of mastery and excellence.

It is an integrated approach that seeks to develop

methods for managing the educational process year

after year, aiming to improve the quality of
educational product.

It is a comprehensive system that encompasses all

fields, linked to productivity, its continuity, and

improvement.

The application of total quality systems in many

higher education institutions worldwide has led to a

qualitative leap in the level of programs offered and in

their outcomes satisfaction by both internal and
external beneficiaries.

To apply this concept in any educational institution,

two conditions must be met, including:

a. Support, endorsement, and conviction of top
management in its value and benefits.

b. Genuine participation of all stakeholders in
formulating plans and objectives necessary to
improve  performance (academically and
administratively) to enhance the quality of
educational products.

The application of total quality in architectural

education goes through five consecutive stages:

starting with a vision and mission, followed by long-
term, medium-term, and short-term goals, then
implementation plans, evaluation of what has been
achieved, and finally performance development and
improvement to satisfy the primary beneficiary—the

student (see Fig. 2).

Applying the concept of total quality in architectural

education will help us answer the following logical

questions:
a. Where are we now, and what is our current
status?

b. Where do we want to go, and what are the goals
we aim to achieve?

c. How do we achieve what we want, and what are
the standards for measuring our progress toward
these goals?

Application of total
quality in rchitectural
education

Goals
-Short term

Measurable
mission

Future vision

clear

[
|~

Executive plans to
achieve them
Evaluation of what has
been implemented

Feedback

Developing and
improving performance

o
=

Feedback

Fig. 2. Application of total quality in architectural
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IV. RECOMMENDATIONS
Based on the above, we recommend the following:

1. Total quality (TQ) should not be viewed as a separate
program or an isolated endeavor from the other goals
and projects of the educational institution. Instead, it
should be seen as a shared philosophy that forms an
essential part of the institution’s mission and culture,
explaining its purpose, objectives, and how it performs
its tasks—a necessity dictated by contemporary life.

2. Each educational institution must define its mission
and work to achieve it by overcoming obstacles to
realize the primary and secondary objectives of total
quality.

3. Universities should focus their efforts—through the
concept of total quality—on developing academic and
administrative aspects to bring about comprehensive
change that enhances overall efficiency and meets the
real needs of the society they serve.

4. Shifting from a culture of memorization and
regurgitation to a culture of mastery, and from
focusing on teaching to learning.
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Abstract— The increasing demand for electricity, particularly
in remote and off-grid regions, has highlighted the need for cost-
effective and environmentally sustainable energy solutions. This
study investigates the feasibility of utilizing a centrifugal pump,
operated in reverse mode with an open impeller, as a turbine for
micro-hydro power generation. Small hydropower (SHP) systems,
characterized by their affordability and minimal ecological impact,
represent a promising alternative to large-scale energy projects.
Experimental tests were conducted to evaluate the operational
parameters of the open impeller, focusing on the Best Efficiency
Point (BEP), power output, and efficiency at varying discharge
rates and inlet heads. Results revealed a peak efficiency of 77% at
a power output of 3447 W, a rotational speed of 1990 rpm at a head
of 13 m, and a flow rate of 14.58 m3/s. The findings demonstrate
that the open impeller effectively functions as a micro-turbine,
offering a viable solution for electricity generation in isolated rural
communities or standalone urban homes with adequate water
resources. This study underscores the potential of centrifugal
pumps in reverse mode as a cost-efficient and scalable alternative
for micro-hydro power systems, fostering energy accessibility in
underserved areas.

Keywords— Centrifugal Pump, Open Impeller, Electricity
Generation, Pump as Turbine, Power Output.

I. INTRODUCTION

The global demand for sustainable and renewable energy
solutions has intensified over the past two decades, with small
hydropower systems emerging as significant contributors to
electricity generation from renewable sources [1]. The
advancement of technology, coupled with the push for
industrialization, has created an urgent need for reliable
energy sources in both urban and remote areas. This surge in
electricity demand has sparked renewed interest in
developing small hydroelectric power (SHP) projects,
primarily due to their economic viability and lower
environmental impact compared to large-scale hydropower
projects [2].

Electrical energy is fundamentally linked to improved
living conditions, yet many rural areas remain unconnected to
the national grid, particularly in developing countries like
Nigeria [3]. This lack of access to electricity presents a unique
opportunity to explore innovative solutions, such as utilizing
centrifugal pump impellers in a reverse operation as turbines
for electricity generation in these underserved regions.

Traditional methods of establishing large-scale power
generation facilities—Dbe it thermal, nuclear, or conventional
hydroelectric sources—are often prohibitive in terms of cost,
time, and environmental disruption. In contrast, micro-
hydroelectric power generation using centrifugal pumps
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offers a simpler, cost-effective, and less intrusive approach to
providing electricity, especially in remote locations. Several
countries, including Belgium and Nepal, have already
implemented "pump-as-turbine™ technology in their micro-
hydro schemes to address local energy needs [4, 5].

For low-capacity hydroelectric plants (less than 100 kW),
the potential of employing centrifugal pump impellers as
turbines warrants thorough exploration [6]. The reverse
operation of centrifugal pumps has surfaced as an innovative
solution for power generation. Advances in electrical
machinery control technologies that enable variable speed
and torque regulation have further facilitated the practicality
of utilizing centrifugal pumps in reverse for energy
generation [7].

Existing conventional turbines typically feature inlet guide
vanes, which are absent in centrifugal pumps used in reverse
mode. This distinction leads to variations in discharge
characteristics relative to standard turbines. However,
centrifugal pumps operating as turbines' inherent simplicity,
durability, and efficiency present a compelling alternative [8].

The performance of a centrifugal pump, particularly its
impeller design, plays a critical role in its operational
efficacy. The dimensions and configurations of the impeller
are instrumental in defining the pump's overall performance,
influencing its capacity and total dynamic head (TDH). This
study focuses on the open impeller type, posited as an
effective alternative to traditional turbines for generating
electrical power. This research aims to examine the
operational parameters of an open impeller centrifugal pump
functioning as a turbine for electricity generation. Key
objectives include:

e  Determining the centrifugal pump's Best Efficiency Point
(BEP) in turbine mode.

e  Evaluating the operational power of the pump as a turbine
(PAT).

e Assessing the pump's performance across varying
discharge rates.

Journal of Science
and Technology


https://doi.org/10.20428/jst.v30i5.2610

11

K. O. Olaore, D. B. Gwadangwaji, M. A. Bayawa
Volume 30, Issue (5), 2025

Figure 1. Open Impeller [9]

I1. LITERATURE REVIEW

[10] explored the use of an end suction centrifugal pump
operating in turbine mode for micro-hydro applications
coupled with an induction generator. Their investigation
encompassed both experimental and simulation approaches
on a single-stage, low-specific-speed pump (<10 kW).
Notably, their findings demonstrated that centrifugal pumps
could function effectively in turbine mode without
mechanical modifications. The study highlighted that
achieving the Best Efficiency Point (BEP) required higher
flow rates and heads than the pump's rated conditions.
Efficiency improvements were linked to geometric
modifications of hydraulic characteristics, and coupling the
pump with a modified induction motor and electric control
systems successfully regulated output voltage and frequency.

[11] evaluated the feasibility of pump-as-turbine (PAT)
systems for addressing energy challenges in rural and hilly
regions. Using computational fluid dynamics (CFD)
simulations, they analyzed a mixed-flow centrifugal pump
with a specific speed of 1850 rpm. Their experiments
revealed a maximum efficiency of 83.10% at a flow rate of
0.127 m3/s and a head of 12.48 m, operating at 1450 rpm in
turbine mode. The numerical and experimental findings

showed satisfactory agreement, underscoring the reliability of
PAT systems.

[12] focused on PAT systems' mechanical energy
generation capabilities. Experimental performance curves for
the "Etanorm pump 150-315" demonstrated up to 80%
efficiencies under varying flow rates and rotational speeds.
For instance, at a small head of 11.5 m and a speed of 760
rpm with a flow rate of 300 m3¥head, the PAT system
generated 7.5 kW on the impeller shaft. These results
underscored the adaptability of PAT systems for diverse
operational conditions.

[8] conducted a functional characterization of centrifugal
pumps in turbine mode, analyzing the influence of rotational
speed on efficiency and operational parameters. Their
findings demonstrated that turbine characteristics could be
partially predicted from pump characteristics, with water
exiting the runner free of swirl flow at BEP. Additionally,
they observed lower radial stresses in turbine mode compared
to pump operation.

Using an experimental rig, [13] experimentally
investigated a centrifugal pump operating as a turbine (PAT).
Their results confirmed that centrifugal pumps could operate
efficiently in  turbine mode without mechanical
complications, achieving higher heads and discharge values
compared to pump operation. However, the BEP in turbine
mode was observed to be lower than in pump mode, aligning
with previous research findings.

[14] developed a novel approach for predicting the inverse
characteristics of industrial centrifugal pumps using three-
dimensional CFD simulations. Their method, validated in
pumping mode and compared with experimental data for
reverse mode operation, provided insights into the best
efficiency point and inverse characteristics. Testing on three
pumps with varying specific speeds highlighted the accuracy
of their predictive model, demonstrating its utility for PAT
applications.

I11. MATERIALS
A. Materials Used for the Experiment of the Open Impeller
for the Turbine Test
The following are the materials and instruments used for the
experiment:

Table 1. List of Materials and Instrument used for both Pump and Turbine Test

S/IN Material/Instruments Pump Descriptions Turbine Descriptions
1 Centrifugal Pump 3.8hp 3.8hp
2 Gauge Valve 51 mm 79 mm
3 Intake Pipe Diameter 51 mm Diameter 79 mm
4 Out Pipe Diameter 65 mm Diameter 68
5 Ground Tank As Adequate As Adequate
6 Tachometer Cyber Tech. (NUSPSC 25174406) Cyber Tech. (NUSPSC 25174406)
7 Manometer Canstock (csp 14719981) Canstock (csp 14719981)
8 Stop Watch Digital Digital
9 Impeller Open Type Pelton Type
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IV. METHODS

A. Performance Test on the Centrifugal Pump Using an
Open Impeller as a Turbine
The performance testing of the centrifugal pump operated in
turbine mode utilized the methodology proposed by [15]. The
experimental setup, depicted in Figure 2, comprised a PVC
pipe connected from the bottom of an overhead tank to the
turbine. A manometer and gauge valve were installed along
the pipe to facilitate accurate measurement of flow rates.

An underground tank was incorporated into the system to
regulate the discharge from the turbine tailrace. A second

K. O. Olaore, D. B. Gwadangwaji, M. A. Bayawa
Volume 30, Issue (5), 2025 -

gauge valve was situated on the pipeline discharging water
from the turbine's tailrace to the underground tank, allowing
for enhanced control of water flow between the turbine
tailrace and the underground reservoir.

The water discharged from the turbine's tailrace flows into
an underground tank, which is equipped with a gauge valve
on the discharge pipe. This setup facilitates enhanced control
over the water flow between the turbine's tailrace and the
underground tank.

Fig. 2. Turbine Test Schematic Diagram

To ensure a continuous supply of water to the turbine, the
water exiting the turbine is recycled back to the overhead tank
using an auxiliary pump. A second gauge valve is installed
between the underground tank and the auxiliary pump to

optimize the control of water flow in this section of the
system. Figure 3 illustrates the side view of the schematic
diagram representing the turbine test setup.

—

Overhead Tank

-

Auxiliary Pump

lWater Line to Impeller l 5
=
| Water Line Back to Tank |
IWaterLineto Building l
Pelton Impeller 7 e — T Vil
] - [ 1

Underground Tank ]

| Concrete Platform

Fig. 3. Turbine Test Schematic Diagram Side View
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The experimental procedure was conducted at five distinct
heads using an open impeller type centrifugal pump, allowing
for the free gravitational flow of water from the overhead tank
to the turbine impeller. The impeller speed was monitored
using a tachometer placed in close proximity to it. The five
test heads used in the experiment were 7.60 m, 9.10 m, 10.70
m, 12.20 m, and 13.70 m, as detailed by [16]. The centrifugal
pump was thoroughly primed prior to testing, and all valves
were opened to prevent any choking in the system during low
flow conditions. This was managed by carefully adjusting the
bypass valve as needed. The desired turbine head was
accurately achieved through height measurements, followed
by the necessary adjustments to the positioning and setup of
the entire centrifugal pump system for each specific head.

Once the centrifugal pump system was fixed and
readjusted at the desired head the valves and the by-pass
valves were reopened for water to flow so as to take the next
set of readings at different flow rates. At each step, the water
was allowed to flow with the valves constantly adjusted so as
to maintain accurate measurements of the readings. This
procedure was repeated for all the experiments.

B. Data Collection and Analysis

1. Measurement of Flow Rates: Flow rates were
recorded using the installed manometer and gauge
valve and collected over various operational
conditions.

2. Evaluation of Power Output: The operational power
of the pump as turbine (PAT) was calculated based
on the measured flow rates and head developed by
the pumping system.

3. Performance Metrics: Key performance metrics,
including the efficiency, flow characteristic curves,
and operational limits of the centrifugal pump, were
derived through empirical testing and analysis.

This methodology provides a robust framework for assessing
the feasibility of centrifugal pump impellers as viable
alternatives to traditional turbine methodologies in micro-
hydroelectric power generation.

C. Determination of Flow Rate
Using the process adopted by [17, 3], the flow rate Q was
calculated from equation (1).

Q=1-73VAh /s (1)

D. Determination of Power Output

The process used by [18] was adopted in calculating the
power output (P,,.) of the turbine, which is Bernoulli’s
Equation. (2 — 6)

Pour = wg Xm 2
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where,
VZ
Work Shaft (w;) = ( gh-2) 3)
m = pAV 4)
Velocity (V) = % (%)
Cross Sectional Area (A) = %DZ (6)

E. Determination of Power Input

The process by [19] was adopted to calculate the power input
of the Pelton type impeller. According to equation (7) The
power input is the power giver to turn the impeller blade.

_ pQH
Pi - 75Xn (7)

where, n is the manufacture’s pump efficiency (0.55) that is
55%.

F. Determination of Efficiency
The process used by [18] was adopted to calculate the pump
efficiency (). See equation (8).

n = % x 100% (8)

G. Determination of Specific Speed of Turbine
The Process adopted by [20] was used to calculate the
Specific Speed of the turbine. According to equation (9).
N
Ngr = \/? ©)
H 74
where, N = kinematic speed in rpm.

V. RESULT AND DISCUSSION

A. Experimental Findings

The results of the experiments conducted on the centrifugal
pump performance in turbine mode using an open impeller
are detailed in standard units compliant with micro
hydropower standards. Measurements were taken across five
different inlet heads, providing a comprehensive dataset for
analysis. The polynomial correlation equation derived from
regression analysis serves as the model for generating
predictions in this study.

B. Effect of Power Output on Efficiency

The relationship between power output and efficiency was
observed to be curvilinear. As power output increased,
efficiency correspondingly improved until reaching a peak,
after which efficiency declined across all five inlet heads
(Figure 4). The maximum efficiency achieved was measured
at a specific power output, aligning with the findings of [15,
14]. However, it was noted that the efficiencies reported by
these studies were generally lower. The coefficients of
variation for efficiency concerning power output ranged from
73% to 98%, indicating that the models reliably forecast the
efficiency trends across different power outputs.
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Fig. 4. Effect of Power Output on the Efficiency of the Turbine for Open Impeller

C. Effect of Power Input on Efficiency

Similarly, the data demonstrated a strong correlation between
power input and efficiency, revealing a consistent curvilinear
trend. Efficiency increased with power input, peaked, and
subsequently fell, a pattern consistently observed across all
tested heads (Figure 5). This behavior suggests that exceeding
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Efficiency n (%)
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3000

the best efficiency point (BEP) leads to reduced efficiency,
aligning with previous studies by [14, 1], with the latter
reporting lower maximum input power and efficiency ratings
4-17kW and 58%, respectively. The variation coefficients for
this relationship ranged from 76% to 98%, further supporting
the model's fit across the observed trends.
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Head At 10-70 m
Head At 12-20 m

X Head At 13-70 m

4000

5000 6000

Power Input (W)

Fig. 5. Effect of Power Input on the Efficiency of the Turbine for Open Impeller

D. Effect of Flow Rate on Efficiency

The flow rate was also examined for its influence on
efficiency, revealing a curvilinear relationship where
increased flow rates resulted in higher efficiencies until a
peak was reached, after which efficiency declined. (Figure 6).
The highest efficiency recorded for the open impeller
occurred at 76-28%, whereas the best efficiency point of the

https://doi.org/10.20428/jst.v30i5.2610

flow rate occurred at 13-61 m”"34. This finding corroborates
the results from [21, 22], with a notable observation that [22]
reported a shift toward higher flow rates for maximum
efficiency. The coefficients of variation for this relationship
ranged from 75% to 99%, showcasing the model's validity in
depicting the efficiency trends.
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Fig. 6. Effect of Flow Rate on the Efficiency of the Turbine for Open Impeller

E. Effect of Impeller Speed on Flow Rate

Additional observations indicated that impeller speed
increased with flow rate. Specifically, for higher inlet heads,
impeller speed showed pronounced increases, particularly at
elevated head levels due to the gravitational forces acting on
the water. The trends observed were consistent with previous

2500
2000

1500

1000

Speed (rpm)

500

studies by [23, 13, 24], illustrating commonalities in
hydraulic performance insights across the literature. The
coefficients of variation concerning the effects of flow rate on
speed ranged from 96% to 99% (Figure 7), affirming the
model's applicability in these findings.
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Head At 9-10 m
Head At 10-70 m
Head At 12:20 m

¥ Head At 13-70 m

Flow Rate m3/s |5 20

Fig. 7. Effect of Flow Rate on the Speed of Open Impeller

VI. CONCLUSION
The primary objective of this study was to investigate the
operational parameters of a centrifugal pump utilizing an
open impeller in turbine mode for micro-hydro power
generation. The findings suggest that the open impeller
configuration effectively harnesses energy from water
resources, making it suitable for applications in isolated rural
areas or standalone urban homes, provided there is adequate
access to water reservoirs year-round.
Key conclusions drawn from the experimental results
include:
. The open impeller reached its best efficiency point at
77%, indicating optimal performance at specific
operating conditions.

Journal of Science
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. The operational power output derived from the
centrifugal pump was established, affirming the
potential of the open impeller to produce
commendable power outputs of 3447W under varying
conditions.

o The correlation of speed variations with flow rate
across different heads was successfully characterized,
highlighting the influence of gravitational forces on
performance efficiency.

These findings contribute valuable insights into the design

and implementation of micro-hydropower systems,

emphasizing the viability of centrifugal pumps as turbines in
renewable energy applications. Future research may extend
these findings by exploring longer-term operational
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efficiency and integrating environmental considerations for
sustainable energy solutions.
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Abstract— As the biomedical literature continues to expand
rapidly, the significance of extracting biomedical-named entities
from this extensive body of work is steadily increasing. Bio-NER
presents a greater challenge compared to general entity recognition
due to the non-standard use of abbreviations, synonyms,
homonyms, ambiguities, and the continual creation of new
biomedical entity names. These factors combine to create a
significant hurdle in the accurate identification and classification of
biomedical entities. The underperformance of machine learning
models in biomedical text analysis is primarily attributed to the
inadequate representation of these texts through manually created
features. In addressing this challenge, this study aims to create
enhanced word representation methods to improve biomedical
named entity recognition and are based on enhanced graph-based
word representation techniques, utilizing machine learning
approaches: CRF, SVM, and ensemble learning. These methods are
assessed using the well-known GENIA corpus. The results show
that SVM, CRF and ensemble learning with morphological,
orthographic and context features achieves good results with
overall F-measure of (54.6%), (81.87%) and (85.64) respectively.
In addition, experimental results also show that enhanced graph-
based word representation techniques achieve higher performance
with overall F-measures (85.62%), (89.69%) and (91.17)
respectively. Results show that proposed graph-based word
representations significantly improve the overall performance of
CRF, SVM, and ensemble learning over traditional feature
representation techniques. In general, results show that word
representation is a key factor in constructing a suitable recognition
method.

Keywords— Biomedical, Named Entity Recognition, Word
Representation, Supervised Machine Learning.

I. INTRODUCTION
The continuous expansion of biomedical texts has unleashed
an extensive corpus of freely available, yet largely
unstructured, biomedical literature. The challenge of keeping
up with new discoveries has become more and more difficult
as this amount of data continues to grow. Extracting valuable
insights from this huge amount of data to locate relevant
literature for research in the biomedical field has become a
hard task for researchers. As a result, biomedical text mining
and knowledge extraction tools can play a vital role in
facilitating the extraction of valuable information from
biomedical texts. Biomedical-named entity recognition
stands as a pivotal component within biomedical mining
tools. Its primary objective is the automatic identification and
categorization of biomedical-named entities such as genes,
proteins, SNPs, chemicals, and drug names from unstructured
textual data in the biomedical domain [1]. The extraction and
identification of biomedical entities present a greater level of
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complexity compared to traditional entities. This heightened
complexity arises due to the non-standard use of
abbreviations, synonyms, homonyms, ambiguities, and the
continual creation of new biomedical entity names. [2].

Several approaches have been employed to tackle the
challenge of biomedical named entity recognition. These
approaches can be broadly classified into rule-based,
dictionary-based, and supervised methods. In the early stages
of Named Entity Recognition (NER), systems were built
using manually crafted rules, lexicons, orthographic features,
and ontologies [3, 4]. While these methods offer certain
advantages, such as they do not need annotated training data,
they also come with notable drawbacks. For instance,
lexicons and handcrafted rules must be comprehensive, and
the associated dictionaries require continuous updates by
domain experts to remain relevant. In contrast, supervised
learning methods rely on annotated training data, typically
represented with morphological, orthographic, and contextual
features that have been carefully chosen by domain experts.
The primary challenge with these approaches lies in the
manual feature engineering required for each specific dataset
[5]. In addition, a crucial concern within these supervised
techniques pertains to the selection of data representations.
Creating robust word representations that are domain and
datasets independent and can capture useful recognition
information is a major issue to enhance the performance of
these techniques.

Existing literature highlights the pivotal role of crafting
effective data representation techniques when developing
named entity recognition systems. Thus, Hence, the creation
of enhanced graph-based word representation techniques,
capable of capturing valuable information for recognition and
classification while remaining independent of specific
domains and datasets, is essential for substantially improving
the performance of machine learning methods in biomedical
named entity recognition. To tackle this issue, this study
seeks to design effective dataset- and entity-independent
graph-based word representation methods to enhance the
performance of supervised machine learning methods for
biomedical named entity recognition.

The main contributions can be summarized as follows:

e This work evaluates baseline feature extraction
and representation with supervised machine
learning methods namely Conditional Random
Fields (CRF), Support Vector Machines (SVM),
and ensemble learning for biomedical named
entity recognition.
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e Thiswork introduces enhanced graph-based word
representation methods for biomedical named
entity recognition.

The rest of the paper is organized as follows. Section 2
reviews related work. Section 3 introduces the materials and
methods used in this work. The experimental setting and
experimental results are discussed in Section 5. Finally,
Section 6 offers some conclusions and suggestions for future
work.
Il. LITERATURE REVIEW

Several approaches have been used to address biomedical
named entity recognition problems which can be categorized
as Rule-based approach: In rule-based systems, a set of hand-
crafted rules the experts can be built to identify and extract
the named entities [6, 17, 18], namely, matches names with a
strongly defined morphological and orthographic structure.
Dictionary-based  approaches: where string-matching
methods are used to identify entities in text, are common [4,
6]. Machine learning approaches: When the annotated
corpora on biomedical is available. Machine learning
approaches are based on statistical models to make
predictions about named entities in a given text. These models
have their mathematical approaches and techniques for
training the corpus, determining the probabilistic values and
have their methodologies of working to get the desired result
[6]. State-of-the-art Bio-NER approaches use various
machine learning algorithms. Each modelling technique uses
the feature matrix to create a probabilistic description of the
entity name boundaries. Different supervised models have
been developed on Bio-NER systems, namely Conditional
Random Fields (CRFs) [7], Support Vector Machines
(SVMs) [8, 9], Hidden Markov Models (HMMs) [10] and
Maximum Entropy Markov Models (MEMMs) [11]. CRFs
have been actively used during the last years, since they
present several advantages over other methods. Firstly, CRFs
avoid the label bias problem, a weakness of MEMMs. In
addition, CRFs also have advantages over HMMs, a
consequence of their conditional nature that results in the
relaxation of the independence assumptions. Finally,
although SVMs can provide comparable results, more time is
required to train complex models. Semi-supervised solutions
use both annotated and unannotated data, in order to solve the
data sparseness problem. Thus, the main goal is to collect
features of the unannotated data that are not present in the
annotated data, which may contribute to a better identification
of the entity name boundaries. There are various approaches
to implementing semi-supervised solutions [12, 13]. Song,
Yu [14] proposed a hybrid dictionary-based entity extraction
technique. The proposed technique consists of 1) an
approximate string matching technique, 2) a shortest path edit
distance technique, and 3) context-enabled text mining
techniques. Kuo and Lin [15] achieved F-measures of 80.6%,
and 79.7% on the GENIA corpus and the YAPEX corpus
respectively for extraction of protein names from biological
literature. They used rule-based method to improve protein
name prediction rate and N-gram language model to
determine the boundary of protein names. In order to enhance
the recognition performance of proteins, they used a
dictionary to strengthen recognition of abbreviations and
words beginning with uppercase. Pilehvar et al. [16]
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introduced ELMo which generate contextual embeddings by
considering the contexts and morphological structures of
individual words at each state in text. This way, the
embeddings of the same word can vary depending on their
syntactical contexts and morphological structures in text.

I11. RESEARCH ETHODOLOGY

The section outlines the methodology for enhancing
biomedical named entity recognition through enhanced
graph-based word representation. To begin, this work
evaluates baseline techniques that involve training and testing
machine learning models with datasets structured around
traditional features. This phase encompasses a feature
engineering task aimed at identifying the traditional features.
Subsequently  dataset was  prepared  accordingly.
Subsequently, this work explores the development and
evaluation of multiple enhanced Biomedical Named Entity
Recognition models utilizing the newly proposed graph-
based word representation techniques.

A. Baseline Method For Biomedical Named Entity
Recognition

In this section, a brief overview is provided of the state-of-
the-art in Biomedical Named Entity Recognition models.
These models are executed through a series of steps:

1. Feature Extraction Step: Each word in both the
training and test datasets is transformed into a
vector of values using a predefined set of
manually crafted features. These features are
selected based on existing literature and
encompass morphological, orthographic, and
contextual characteristics, as detailed in Table 1.

2. Recognition Step: In this phase, a range of
supervised machine learning models, specifically
Conditional Random Fields and Support Vector
Machines, are trained and evaluated using the
datasets prepared in the previous feature
extraction step.

Table 1. Used Features Set

Feature set Actual features in the feature set

Four words in the surrounding
context: two words before and two
words after the current word

Surrounding words

Dynamic feature denotes the output
tag of previous words (tags of two
words)

Dynamic feature

Orthographic features: Several binary
features are defined: initial capital, all

Orthographic capital, includes caps, has slash, has

features punctuation, has a digit, Start with a
dash.
Word affixes Hyphen suffix, word prefix and suffix

character sequences of length up to 4.

B. Enhanced Biomedical Named Entity Recognition
Methods

This section provides a detailed description of the enhanced
Biomedical Named Entity Recognition models that are being
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proposed. These models undergo a sequence of steps.
Initially, every word in both the training and test datasets is

encoded wusing one of the proposed graph-based 2.

representations. Subsequently, supervised machine learning
models are trained and evaluated using these datasets.

C. Co-occurrence graph-based representation method

The main idea of this representation is to generate a graph
representation where entities are only connected and have the
same class if they co-occur with similar words. The following
describe the main steps of this algorithm:

1. Step 1. Category Words Extraction: A set of
representative words is extracted for each
biomedical named entity class ¢ from the training
corpus based on the correlation between the word
and its class c. The point-wise mutual information
(PMI) was used by the following equation:

p(class, word)
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The top z words for each class are selected as
category words for each biomedical entity class.

Step 2: Co-occurrence Matrix Construction: To
measure the association between the word w; and
word wj, this work uses the co-occurrence relation

value by the following equation:

p(wi,wj )[p(wi)+p(wj)]
p (wi).p(wj) @)
If the value returned by crv is greater than the
threshold (0.20), then crv is added to the co-
occurrence vector for the word w; , otherwise, 0 will
be added. After calculating the co-occurrence
relation value (crv) between word w; and all other
words, the co-occurrence vector for the word w; is
added to the co-occurrence matrix. Figure 1 shows
co-occurrence vector using the co-occurrence

CrV(Wi, W] ) =

PMI(class, word) = log, €] relation value (crv) between word w; and all other
p (class). p(word) .
words:
Representation
words W1 W2 W3 W4 000 Whn

Wy CTVix1  CTVixz  CTVix3  CTVixa ., CTVixn

W3 CTVzx1  CTVzxz  CTVUpx3  CTVpxa . CTVUzxp

Wp | CTUmx1 CTUmyy  CTUpxz CTVpwg . CTVpsn

Fig. 1. Co-occurrence Vector

3. Step 3: Co-occurrence Graph Construction: in this
step, k-nearest neighbours method is used, and a K-
NN graph representation for each word in the dataset
is constructed as follows:

a) Node assignment: for each word in the dataset,
a vertex is assigned.

b) K NN vertex calculation: to construct the
graphs, the k nearest neighbors method is used.
ko NN(wy;) is a set of k nearest neighbours of
the word w; from class cu. A word w; from
category words of class C,, is assigned as one of
the k., nearest neighbours set of word w; if
cosine similarity between their co-occurrence
vectors is greater than €. Cosine similarity was
used by the following equation:

Construction

Yhe1 wv%(.ka

co_simi]- = cos(WVi,WV]-)

[Reatbo. [5p e
Where WYV; and WYV; are the co-occurrence
vectors of a normal word w; and class word
w; , respectively.

¢) Representation Construction: a representation
vector rv for each word w; (rv(w;)) of length
|z x C| is constructed for each word from both
training and testing data. |z| is the length of
each category words set and C is the number of
classes. Figure 2 shows representation vector
using  co-occurrence  graph-based  word
representation:

Representation
Category Words Of Class 1 | Category Words Of Class2 | ... | Category Words Of Class C
Words
W1 W2 .ee Wz W1 W2 Wz cee Wz
wi rSix1 TSix2 - TS1xz | TS1x1a  TSix2 rSixz | ... TS1xzc
w3 TSax1  TSax2 - TSaxz | S2x1  TSa2x2 TSaxz | ... T'S2xzc
Wi rSmx1 rSmx2 TSmxz rSmx1 T'Smx2 TSmxz e rSmxzc

Fig. 2. Co-occurrence Graph-Based Word Representation by cosine similarity
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]

D. Feature Level Graph-Based Representation Method
The following describe the main steps of this algorithm:

1.

2.

3.

Step 1: Category Words extraction: as in step 1 of

co-occurrence graph-based representation method.

Step 2: Feature Extraction: this work represents each

word using a set of morphological features.

Step 3: Feature Graph Construction: in this step k-

nearest neighbours method is used, a K-NN graph

representation for each word in the dataset is

constructed as follows:

a) Node assignment: for each word in the dataset,
a vertex is assigned.

b) K NN vertex calculation: to construct the
graphs, the k nearest neighbors’ method is used.
k.. NN(wj;) is a set of k nearest neighbours of
the word w; from class cu. A word w; from

category words of class C,, is assigned as one of

the k, nearest neighbours set of word w; if the

Jaccard index similarity between their feature

vectors is greater than & . Jaccard index

similarity was used by the following equation:
vinfv;

F_sim;; = Jacard (fvi,fvj) = :;#;vj: 4
Where fv; and fv; are the feature vectors of
a normal word w; and category word w; ,
respectively.

c) Representation Construction: a representation
vector rv for each word w; (rv(wj;)) of length
|z x C| is constructed for each word from both
training and testing data. |z| is the length of
each category words set and C is the number of
classes.

Figure 3 shows representation vector using Feature Level
graph-based word representation:

Representation
Category Words of Class 1 Category Words of Class 2 Category Words of Class C
Words
W1 W2 eee Wz W1 Wz eee Wz
wi rSix1 TSix2 TSixz | TS1x1  TS1ix2 TS1ixz T'S1xzc
w3 TrSax1  TS2x2 TSaxz | TS2x1  TS2x2 TS2xz T'S2xzc
W Smx1 TSmx2 Smxz | "Smx1  TSmx2 rSmxz YSmxzc

E. Graph-Based Word Representation Integration
Several proposed strategies have been considered to integrate
two graph-based data representations. These strategies are:

1.

Single Representation: each of the co-occurrence
graph-based word representation and feature-based
graph-based representation are used as a standalone
representation. This allows us to better understand
the limits of considering a single representation at a
time.

Fig. 3. Feature Level Graph-Based Representation by Jaccard index similarity

Concatenation: The concatenated representation is
defined as the wvector concatenation of both
representations in one representation. This
representation shows the advantages of multi-
information. Figure 4 shows the strategy of graph
concatenation representation.

\

/

Fig. 4. The strategy of graph concatenation representation.

Combination: The representation is defined as a
principled aggregation of both representations. In
this scenario, equation (3) and equation (4) are
integrated and combined as in the following
equation:

CF_sim; = Alcos(WVi,WVj) +

A, Jacard (WV;, WV;) (5)

F. Machine Learning Models
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This section briefly overviews the supervised machine-
learning techniques used: Conditional Random Fields (CRF)
and Support Vector Machines (SVM), both known for their
reliability and high performance in biomedical named entity
recognition. The following describes these classifiers:

1.

Support vectors Machine (SVM): Support Vector
Machine (SVM) is a supervised machine learning
model that was initially conceived for binary
classification tasks. However, their utility has been
extended to accommodate multi-class classification
as well as regression challenges. SVMs have

-
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garnered a solid reputation as an efficient classifier,
standing out as one of the top choices across diverse
data mining and machine learning applications.
SVM achieves this by constructing a decision
hyperplane that effectively partitions the training
data into two primary classes. Given training data
consists of n k-dimensional real vectors X, and
labels Y, where y; is either -1 or 1. The label y; is
+1 or -1 for the vector x; . The training phase of the
SVM aims to plot data vectors in a k-dimensional
hyperspace and to draw a hyperplane, which as
possible separates points from both classes.

o= argmin{— Yimg o + 2ty X o404y (X ,)T])} (6)
Subjectto: )L, ay; =0; 0<a; <C (7)

N

Conditional Random Fields (CRFs): Conditional
Random Fields (CRF) is a statistical sequence-
labeling framework initially introduced by Lafferty,
McCallum, and Pereira in 2001. CRF is a statistical
model structured as an undirected graphical model,
commonly employed for tasks such as pattern
recognition and sequence labeling, including
applications in  Biomedical Named Entity
Recognition. Formally, given a sentence X =
(xy ,X3,..,X,) tO represent an input sentence,
where x; is the input vector of the i-th word, and Y =
(¥1,¥2, -, ¥n) represents a sequence of predicted
biomedical labels for input sentenceX. All classes or
labels y;of Y are restricted sets of labels over a set
L(X). The global feature of CRF, F(y, x), is the
summation of CRF’s local feature vector f(y, x, 1)
for input sequence x and label sequence y, where i
ranges over input positions. The probabilistic model
for the CRF calculates the conditional probability of
all possible sequences of labels y, given x using the
following equation:

PO = 5 T exp{Sh; oo yior, X0} (8)

z(x) = 2y exp(Q wif (v, %)) 9)
Where Z(x)is a normalization factor. where wyis a
parameter to be learned and estimated during
training and shows the informativeness of the
particular feature.

G. Experimental Setting

The primary objective of this study is to assess the
effectiveness of the improved models proposed for
biomedical named entity recognition. To achieve this, we
employed the widely accepted and frequently used GENIA
corpus as our dataset, which is a standard benchmark dataset
for biomedical named entity recognition. The GENIA corpus
is a comprehensive compilation of biomedical literature
created as part of the GENIA project. While the original
GENIA corpus contains a diverse array of 36 entity classes, a
more commonly adopted version for tasks like
BioNLP/NLPBA groups these entities into five major
categories: protein, DNA, RNA, cell line, and cell type. To
gain a more in-depth understanding of the models'
performance, this work uses the confusion matrix to calculate
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recall and precision metrics. The confusion matrix as in Table
2 helps evaluate the classifier's effectiveness for each of these
specific classes.

Table 2. Confusion Matrix

actual (yes) actual (no)
predicated (yes) True Positive False Positive
(TP) (FP)
predicated (no) False Negative True Negative
(FN) (TN)

In this work, three evaluation metrics are used as performance
metrics namely, precision, recall, and F-measure.

1. Precision: Precision is the proportion of true
positive predictions out of all positive predictions
made by the model. It measures the model's ability
to correctly identify named entities without making
many false positive errors.

TP; _  Relevant Entites Recognized
TPi{+FP;

i~ Total Entites Recognized (10)
2. Recall: Recall is the proportion of true positive
predictions out of all actual positive instances in the
dataset. It assesses the model's ability to identify all
relevant named entities without missing many.
TP, Relevant Entites Recognized (11)

R: = =
' TP +FN; Relevant Entities In Corpus

3. F1-Score: The F1-Score is the harmonic mean of
precision and recall, providing a balanced measure
of a model's overall performance

2(Pi*Ry)

A series of experiments were conducted to assess the
performance of both baseline feature representation
techniques and enhanced graph-based word
representation methods for biomedical named entity
recognition. Initially, the focus was on evaluating
the baseline recognition models, which were
constructed using traditional feature extraction and
representation techniques. As well as two supervised
models, Conditional Random Fields (CRF) and
Support Vector Machines (SVM) were used.

In these baseline experiments, words were represented as
vectors, with values assigned to various morphological,
orthographical, and contextual features, as detailed in Table
3. The primary objective was to investigate how supervised
machine learning models could leverage these features and
understand their impact on the model's performance.

The results presented in Table 3 display the outcomes
achieved when using Conditional Random Fields (CRF) and
Support Vector Machines (SVM) in conjunction with the
morphological, orthographical, and contextual features. It is
worth noting that the results clearly demonstrate that
Conditional Random Fields (CRF) outperform Support
Vector Machines (SVM) in the domain of biomedical named
entity recognition. This is because CRF excels in handling
sequential data, which is essential in the biomedical field,
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where term order and context are critical for accurate
recognition.

Table 3. Performance of Conditional random fields (CRF)
and support vector machines (SVM) models on GENIA
Dataset with Traditional Feature Representation

Training size Precision Recall F-Measure
SVM 84.2 404 54.6
CRF 83.5 80.3 81.87

In the second part of our study, we conducted multiple
experiments to assess the effectiveness of ennhanced graph-
based representation methods in combination with
conditional random fields (CRF) and support vector machines
(SVM) for biomedical named entity recognition. We
developed several enhanced learning models for this purpose.
We evaluated four graph-based methods, which can be
categorized into two types: standalone and integrated
representations. The standalone methods included co-
occurrence graph-based representation (CGBR) and feature
graph-based representation (FGBR), while the integrated
methods were represented by concatenated graph-based
representation (ICCGBR) and combined graph-based
representation (ICMGBR).

Figure 5 illustrates the results achieved using these
proposed graph-based representations in conjunction with the
two supervised models. The findings demonstrate that these
novel representations significantly enhance the performance
of the conditional random fields (CRF) and support vector
machines (SVM) models compared to traditional feature
representations.

When considering the word representations, all four
proposed graph-based methods substantially improve the
performance of the two supervised machine-learning
methods compared to the baseline feature representation
methods.

From the perspective of standalone graph-based
representations, Figure 5 reveals that the results obtained with
the co-occurrence graph-based representation surpass those
achieved with the feature graph-based representation.

Regarding integrated graph-based representations, Figure

5 demonstrates that the results of the two supervised models
with  the concatenated graph-based representation
significantly outperform their counterparts with the combined
graph-based representation.
When we consider both standalone and integrated graph-
based representations, Figure 5 emphasizes that the results
obtained with the concatenated graph-based representation
stand out as the most effective among all representation
methods.

In terms of supervised machine learning methods, Table
3 and Figure 5 consistently show that conditional random
fields (CRF) consistently outperform support vector
machines (SVM), regardless of the word representation
method used.
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Fig. 5. Performance of the proposed (four) graph-based
representation with conditional random fields (CRF) and
support vector machines (SVM) on GENIA Dataset

H. Baseline Feature Extraction and Representation
Methods for Biomedical Named Entity Recognition

The underperformance of traditional machine learning
models namly (CRF, SVM) in biomedical text analysis is
primarily attributed to the inadequate traditional feature
representation techniques of biomedical literature through
manually created features based on existing literature and
encompass morphological, orthographic, and contextual
characteristics. Subsequently, these techniques aren't capable
of capturing valuable information for recognition and
classification while remaining dependent of specific domains
and datasets.

I. Enhanced Graph-Based Word Representation Methods
for Biomedical Named Entity Recognition

Enhanced graph based word representation methods
improving the performance of machine learning methods
namely (CRF, SVM) in biomedical named entity recognition
through:

e The correlation (using PIM) between the word
and its class as feature set of class ¢ (eg. Category
Words of Class c).

e The co-occurrence relation value (crv) to measure
the association between the wi and word wj as
word embedding (eg. co-occurrence vectors all of
words).

e K-NN graph representation is used for similarity
between co-occurrence vectors all of words with
co-occurrence vectors of category words of class
¢ (using cosine similarity and Jaccard index
similarity) as more feature set of class c (eg. More
Category Words of class c).

Subsequently, these methods are capable of capturing
valuable information for recognition and classification while
remaining independent of specific domains and datasets.
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IV. CONCLUSIONS

The quality of traditional machine learning methods highly
depends on data and words representation. However, a critical
issue of such techniques is the choice of the data and word
representation. many machine learning for NER that are
trained using data represented using based feature-
engineering that have been selected using domain experts.
These approaches are the need of manually engineering
features for each specific dataset [4, 17, 18]. This means they
are dataset and domain dependent.

This research study introduces new enhanced graph-based

word representation methods for biomedical named entity
recognition,  specifically  co-occurrence  graph-based
representation and feature graph-based representation
methods that are not datasets dependent. The results show that
the proposed graph-based representation methods
significantly enhance the performance of both conditional
random fields (CRF), and support vector machines (SVM)
compared to the baseline representation.
Furthermore, the findings show that incorporating
concatenated graph-based representations significantly
improves the overall quality of biomedical named entity
recognition across all machine learning models. This
highlights graph-based representations as a more effective
approach than traditional methods for this task.

V. FUTURE WORKS
Future research study is required for better development and
contribution in this research area. The following are some
suggestions for future work:

e The proposed graph-based word representation
method should be tested on other datasets. To verify
the effectiveness of the proposed model,
experiments should be conducted on several datasets
that belong to the biomedical domain.

e Future work should build other ensemble graph-
based word representation methods.

e Future work should evaluate with proposed graph-
based word representation method with advanced
deep-learning models.

e Future works are encouraged to engage other
integration algorithms to combine graph-based and
advanced representation methods and evaluate them
with recognition methods.
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Abstract—High-speed and high-performance electric
motors are designed to reach a high level of demand control.
The permanent magnet synchronous motors (PMSMs) drive
has a non-linear model that is not easy to deal with using
traditional control methods when controlling the three phase
motors because of their nature, (intricate highly non-linear
model). Therefore, neural networks controllers compared
with fuzzy logic controllers (FLCs) are getting more attention
among researchers, as they can be used for such systems. The
neural networks controller relies on training of this
mathematical model, and the fuzzy controller also relies on
experience. The performance of these two controllers were
compared to each other in terms of output response. As all the
real systems exhibit non-linear behavior, conventional PI
(Proportional-Integral) controllers are unable to provide good
and acceptable results. For this reason, when designing
intelligent control systems, the corresponding model for
simulation should reflect all characteristics of the real system
to be controlled. The basic idea of this paper is to apply the
fuzzy-P1 controller on PMSMs drive and compare the
obtained results with the traditional P1. Also, one intelligent
controller, which is the NN (Neural Network) controller, is
applied and its performance is simulated and studied.
MATLAB/SIMULINK environment is used for design,
implementation and testing. Therefore, the speed and torque
of the PMSM s drive can be controlled satisfactorily. Finally,
simulation results have shown decent results in the
improvement of the system behavior.

Keywords— Fuzzy logic control, Neural Network controller,
Permanent Magnet Synchronous Motors (PMSMs) drive, PI
controller, Speed control, Torque.

I. INTRODUCTION

The escalating cost of fuel has intensified the focus on
Permanent Magnet Synchronous Motor (PMSM) systems,
driven by the imperative for enhanced energy efficiency.
PMSMs are recognized for their high efficiency, reduced
maintenance costs, and superior performance, rendering them
critical components in energy conservation strategies. In the
context of PMSM speed regulation, scalar control offers a
simplified solution for applications where precise speed
control is not paramount. Conversely, Field Oriented Control
(FOC) and Direct Torque Control (DTC) are prevalent in

https://doi.org/10.20428/jst.v30i5.2812

industrial applications, valued for their high efficiency,
operational simplicity, structural robustness, and reliability.
These advanced control methodologies facilitate improved
performance and efficiency. PMSM motors, characterized by
their permanent magnet flux, exhibit exceptional efficiency
by minimizing heat dissipation; however, operational
limitations constrain their maximum achievable speed [1].
Surface-mounted PMSMs, favored for their compact design
and high efficiency, find extensive application in wind power
generation and industrial transmission systems. Achieving
high-performance control typically necessitates the
integration of costly speed and position sensors. To address
this, sensorless control techniques have been developed.
Current sensorless methods can be broadly categorized into
high-frequency signal injection and motor parameter-based
estimation. However, challenges such as chattering in
commonly employed algorithms necessitate the investigation
of alternative control strategies, with a critical consideration
of the trade-offs between noise reduction and system phase
delays, as detailed in [2].

In precision-centric applications such as robotics and
mechanical processes, Permanent Magnet Synchronous
Motors (PMSMs) play an indispensable role [3]. However,
their performance is often compromised by uncertainties
including noise, external loads, and friction forces. To
mitigate these challenges, advanced control techniques, such
as fuzzy logic and neural networks, have been employed to
achieve fine regulation of motor speed and position. Field-
Programmable Gate Arrays (FPGAs) facilitate the
implementation of these algorithms by offering
programmable hard-wired features, rapid computational
speeds, and low power consumption. This integration of
PMSMs, intelligent controls, and FPGA technology aims to
enhance multi-axis robotic precision in machining and
assembly.

The widespread adoption of PMSMs in machine tools is
attributed to their streamlined design, broad speed range, and
operational efficiency [4]. Despite the availability of real-time
speed and position signal detection through encoders,
complex machining environments present challenges,
particularly in the form of encoder failures. Recent
advancements in sensorless control, while promising, lack
high-performance algorithms necessary for robust operation.
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Consequently, research efforts are focused on developing
advanced sensorless control strategies for high-speed PMSM
systems, addressing limitations associated with existing
methods such as back electromotive force and sliding mode
observers, with an emphasis on improved stability and
robustness.

The ubiquity of AC motors in both household and industrial
settings  underscores  their importance [5]. While
asynchronous motors (AMs) remain prevalent due to their
simplicity and durability, PMSMs are gaining popularity due
to their superior power density and efficiency. However, the
nonlinear nature of PMSM systems poses challenges for
precise regulation. This necessitates the development of high-
performance controllers capable of enhancing stability and
overcoming the limitations of traditional Proportional-
Integral-Derivative (PID) controllers. The expanding
utilization of PMSMs in industrial manufacturing highlights
the need for advanced control methodologies, including PI
control, adaptive control, model-referenced adaptation,
Sliding Mode Control (SMC), H, control, and Internal
Model Control (IMC) [6]. Despite the widespread use of Pl
control, its parameter dependence in dynamic work
environments hinders optimal performance. Similarly, issues
with adaptive control laws and high-frequency jitter in
conventional Sliding Mode Observers (SMOs) limit their
broader industrial applicability.

The increasing prominence of Permanent Magnet
Synchronous Machines (PMSMs) in industry is driven by
their low inertia, high mass torque, and minimal maintenance
requirements. In variable speed drives, the integration of AC
machines and static converters offers new possibilities.
Ensuring dynamic drive performance, including steady-state
accuracy, overload capability, and disturbance resilience, is
crucial. To achieve this, a decoupled control approach using
vector control methods is adopted. Traditional controllers
often struggle with stability due to parameter variations. To
overcome this, innovative strategies employing adaptive
fuzzy logic control (AFLC), a nonlinear system integrating
algorithmic control laws, have been investigated. This
approach, exemplified by an adaptive gain fuzzy controller,
effectively mitigates external disturbances, thereby improving
control precision in PMSMs with direct flux orientation
driven by voltage inverters with hysteresis current control.

PMSMs are essential in various AC speed drive applications,
encompassing power electronics, sensors, and high-speed
microprocessors [7]. Control system-based PMSM drives,
recognized for their dynamic response, low noise, and high
efficiency, are pivotal in both domestic and industrial settings
[8]. However, traditional speed sensing methods pose
challenges related to robustness, cost, and volume. Research
is therefore focused on developing motor speed-based
sensorless control techniques to enhance the overall
performance and reliability of PMSM drive systems. PMSMs
are also characterized by their low moment of inertia, high
start-up torque, and significant power in numerous industrial
applications. To maximize torque in both induction motors
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and PMSM drives, control techniques such as Field-Oriented
Control (FOC) and Direct Torque Control (DTC) with Space
Vector Pulse Width Modulation (SVPWM) are essential.
Intelligent control methods, particularly fuzzy logic, have
demonstrated effectiveness in refining system modeling,
speed control, and estimation for PMSM drives, indicating
their potential for enhanced performance [9].

In response to these challenges and to further advance control
strategies for PMSM drives, this research introduces a novel
intelligent controller based on a fuzzy-Pl architecture. The
performance of this proposed controller is rigorously
compared with that of a neural network controller and a
conventional Pl controller, providing a comprehensive
evaluation of its efficacy.

Il. PMSM MOTOR DRIVE SYSTEM

The PMSM drive system, presented in figure (1), is
characterized by five primary functional blocks: a controller,
the d-g/abc coordinate transformation, pulse width
modulation (PWM), the abc/d-q coordinate transformation,
and the PMSM. The controller and PMSM model, which are
the focus of this analysis, will be addressed individually in the
ensuing subsections.

Fig. 1. PMSM drive system

A. Control system of fuzzy logic (CSOFL)

The proposed control methodology utilizes a fuzzy logic-
based automatic controller to achieve desired system behavior
through a self-regulating mechanism. The inherent
advantages of fuzzy logic, namely its ability to operate using
linguistic rules, render it a powerful tool for intelligent control
applications. As noted by prior research [12], fuzzy control is
often developed based on the experiential knowledge of
process operators or design technologists. This approach
contrasts with the conventional proportional-integral (PI)
controller, which, while widely adopted in industrial settings
due to its simplicity and ease of implementation in both digital
and analog forms, lacks the adaptability of fuzzy logic.

Fuzzy controllers, however, necessitate a comprehensive
understanding of fuzzy logic principles and the application of
membership functions. The non-linear nature and complexity
of mathematically characterizing fuzzy logic controllers
(FLCs) necessitate the use of approximations, posing
challenges for stability analysis. Moreover, while fuzzy
controllers offer the potential for finer tuning compared to
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traditional Pl controllers, this increased precision also
complicates error maodification. Consequently, fuzzy
controllers can be conceptualized as artificial decision-
making systems capable of real-time implementation within
closed-loop configurations. These systems process output
data, y(t), compare it to a reference input, r(t), and determine
the appropriate process input, u(t), to meet performance
objectives. The development of a fuzzy controller relies on the
acquisition of data representing the actions of the artificial
decision-maker within the closed-loop system.

Data acquisition can involve leveraging the expertise of
human decision-makers performing control tasks or
independently developing a rule set based on a dynamic
model of the system. These rules are typically formulated as
"IF-THEN" statements, defining the relationship between the
process output, reference input, and desired process input.
Once these rules are incorporated into the rule base and an
appropriate inference mechanism is selected, the system
undergoes testing to validate its compliance with closed-loop
control requirements. The design of a fuzzy logic control
system generally encompasses three primary stages: (I)
selection of the fuzzy controller's inputs and outputs; (1)
determination of necessary preprocessing for controller inputs
and potential post-processing for outputs; and (IlI)
construction of the fuzzy controller's four constituent
components, as illustrated in figure (2) [12].

Fuzzy controller

Inputs. Outputs

uft) Process )

Reference inpur
t

Defuzzification

£
2
=

Fig. 2. Fuzzy Controller (FC) with process

B. Fuzzy-PI Controller

In the context of motor control applications, the
implementation of a fuzzy logic controller is frequently
integrated with either a proportional-integral (PI) or
proportional-derivative (PD) controller. The selection of a Pl
controller in this study is predicated upon its demonstrated
superior overall system performance compared to its PD
counterpart. Moreover, the inherent limitations of PD fuzzy
logic controllers, specifically their propensity to generate
steady-state errors due to the absence of integral action,
further justify the choice of a Pl-based approach [10]. The
architectural configuration of the implemented control system
is presented in figure (3).
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Y

Integral of error Ge

Fig. 3. Fuzzy logic PI controller

The control system incorporates several adjustable gains to
optimize the output response. Specifically, G, represents the
gain applied to the output of the fuzzy logic controller, while
G, and G, denote the proportional and integral tuning gains,
respectively, associated with the error and the integral of the
error. These gains serve as critical parameters for fine-tuning
the system's dynamic behavior and enhancing its performance
characteristics [10]. The judicious adjustment of these gains
is essential for achieving the desired control objectives and
mitigating potential performance degradations.

C. Fuzzification

Fuzzification is the process of transforming crisp numerical
variables into linguistic variables, known as fuzzy numbers.
The implemented fuzzy logic controller, depicted in figure (4),
utilizes two inputs, the error (E) and the integral of the error
(IE), to generate a single output. In the simulation,
membership functions are designed with a 50% overlap,
representing a logical and objective selection. Seven
membership functions [Negative Big (NB), Negative Medium
(NM), Negative Small (NS), Zero (ZE), Positive Small (PS),
Positive Medium (PM), and Positive Big (PB)] are employed
for the E, IE, and output variables, as illustrated in figure (5)
(@), (b), and (c).
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Fig. 5. Membership functions

The scaling range for all variables is [-1, 1]. Table 1 presents
the fuzzy sets defined for E, IE, and the output. For simplicity,
symmetrical triangular membership functions are adopted.
The linguistic terms correspond to: ZE (Zero), PS (Positive
Small), PM (Positive Medium), PB (Positive Big), NB
(Negative Big), NM (Negative Medium), and NS (Negative
Small).

TABLE 1: Crisp to fuzzy set mapping for E, IE and output

Crisp set Fuzzy set
-0.6666 — -1 Negative Big Error (NB)
-0.3334 —-1 Negative Medium Error (NM)
0— -0.6666 Negative Small Error  (NS)
0.3334 — - 0.3334 Zero error (ZE)
0.6666 — 0 Positive Small error (PS)
1—0.3334 Positive Medium error (PM)
1— 0.6666 Positive Big error (PB)

D. The rule base

When a system having seven membership functions, 49 rules
will be obtained. The rule base for seven membership
functions is shown in Table (2).

TABLE 2: Rule base for seven membership functions

E
IE NB NM NS ZE PS PM PB
NB NB NB NB NB NM NS ZE

NM | NB NB NB NM NS ZE PS
NS NB NB NM NS ZE PS PM
ZE NB NM NS ZE PS PM PB
PS NM NS ZE PS PM PB PB
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PM NS ZE PS PM PB PB PB
PB ZE PS PM PB PB PB PB

E. PI controller Modeling and simulation

The scope of this paper is limited to the application of a
proportional-integral (P1) controller. The inclusion of integral
control is motivated by its ability to minimize or eliminate
steady-state errors; however, this is often associated with a
trade-off in transient response performance. The
mathematical description of the Pl controller in the time
domain is presented below, while figure (6) illustrates its
implementation in the MATLAB/Simulink platform.

u(t) =k, [R(@) =Y ()] + k; fot[R(t) —Y(@®ldt (1)
u(t) = kpe(t) + k; f e(t)dt @)

Where:

u(t) - controllers output signal
e(t) - controllers input error signal
k,, - proportional control gain

k; - integral control gain

Vd=0

Fig.6. PI- controller MATLAB / Simulink

F. The d-g Modelling and Simulation of the PMSM drive

Vector control, also known as field-oriented control,
facilitates independent control of torque and flux in
permanent magnet synchronous motors (PMSMs) by
transforming the three-phase stator currents into a two-axis d-
q rotating reference frame [11]. This decoupling allows the
PMSM to emulate the behavior of a separately excited DC
machine, effectively linearizing the inherently nonlinear
motor model. The application of vector control ensures a
direct relationship between the control inputs and the motor's
dynamic response.

To generate a rotating magnetic field and drive the rotor,
balanced currents are injected into the ABC stator windings.
The vector control strategy employs Park and inverse Park
transformations to maintain equivalent current relationships
between the synchronously rotating d-q frame and the
stationary a-f3 and ABC stator frames. Figure (7) illustrates
the PMSM vector diagram, highlighting the phase
relationship between the d-axis current and the rotor flux.
Specifically, the d-axis stator flux must be aligned with the
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rotor motion, while the g-axis flux lags by 90 degrees.  \where: A,, Permanent magnet flux, and w, ziws
Consequently, an increase in the d-axis stator flux, when P

aligned with the rotor motion, enhances the rotor speed,  SPeed of the rotor in angular frequency
leading to a corresponding increase in the net air gap flux [11].

W, =fwir[}§(Ts—Tm—B§ws)] (15)

q-axis

Depending on the above-mentioned equations, the motor can
be simulated using the MATLAB / Simulink environment as
demonstrated in figure (8).

O r— | numis) NGD)
vd —** den(s) id
Stator ref. 1/Ld.stR »(2)

frame

B T
Fig. 7. PMSM’s phasor representation » J +x‘ TL
iq = igsin(w,t + &) (3) ]__ 1

i, =issin (wrt +6— 2—”) 4) Ld

3 L= 0.75P(Ld-Ll])|->.+
i. =igsin (wrt +5— 2—”) 5) > l n» :

denis)
3

Where 0, = w,t , Using the phasor representation, we obtain:

numis)
(= o
Wr

1/J*s+B
1/Lq.s+R 0.75P*Lamda-m

P = [sm 6] ©) } ?
- amda-m
9 "5 lcosé ‘@ N

theta
If iy = 0 by 6 = 90" Hence, the equation for electric torque:
Fig.8. MATLAB / Simulink of the d-q Model of PMSM

T, = (5 PA i ) 7
e z(z mlq) () & Pulse Width Modulation (PWM)

One can get a constant torque, if i, is constant. Hence, only

the quadrature axis current can alter the electric torque Pulse width modulation (PWM), also referred to as pulse

duration modulation (PDM) or pulse time modulation (PTM),
represents an analog modulation technique where the pulse
carrier's width, time, or length is varied proportionally to the
instantaneous amplitude of the modulating message signal.

voltage of the d-axis stator:

d; , . C . :
Va =R+ La—* — Lywsiq (8)  This methodology maintains a constant signal amplitude
while modulating the pulse width. To ensure amplitude
voltage of the g-axis stator: stability, amplitude limiters are incorporated, which

effectively mitigate noise by clipping the amplitude to a
d; , redetermined level.
Vi = Riy + L=t = Lawgia + 0ges @ P
Various forms of PWM are employed, and examples are
illustrated in figures (9)(a), (b), and (c), which depict pulse
width modulated waveforms within discrete time windows

Magnetic flux linkage on the d axis:

Aa = LaAg + Ay (10) [13]. These figures demonstrate the principle of PWM,
. . o showcasing the relationship between the message signal's
Magnetic flux linkage on the g-axis: amplitude and the resulting pulse width variation.
Aq = Lgig (11)

Electromagnetic torque
T, =)+, +Bo, +T, (12)

Using the torque equation

. 3P .o
T, = K;i, + EE(Ld — Lg)iaiq (13)
3P
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Fig.9. Waves with modulated pulse width and distinct time slots

H. Simulation of Pulse Width Modulation (PWM)

The generation of a three-phase sinusoidal pulse width
modulation (PWM) waveform within the Simulink
environment is facilitated by the utilization of source,
repeating sequence, SUM, and SWITCH blocks. Specifically,
the repeating sequence block provides the necessary
triangular carrier waveform, while the source block generates
the three-phase sinusoidal modulation signals. As depicted in
figure (10), the Simulink implementation of the three-phase
sinusoidal PWM inverter accepts the carrier frequency,
modulation index, and fundamental frequency as input
parameters, and produces three-phase voltage signals as its
output.

For the purposes of this investigation, and to maintain model
simplicity, only the PWM inverter section of the power circuit
was modeled. Consequently, a constant DC link voltage,
denoted as V., is assumed. This simplification allows for a
focused analysis of the PWM modulation process without the
added complexity of DC link voltage variations.

(ZVao_V D_VCO)
Van = 3b (16)
2V o_Vco_Vao)
Vn = (bf 7)
ZVCO_V o_Vao)
V., = <+ (18)
Where:
A phase- A
B phase -B
C phase -C
PMSM Permanent Magnet Synchronous
Motor
PWM Pulse Width Modulation
rpm Revolution Per minute
Pl Proportional Integral
Tem Electromagnetic Torque
T, Load Torque
d Direct Polar Axis
q Quadrature or Interpolar Axis
Ve g-axis voltage
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Vg d-axis voltage

R, stator resistance

iy g-axis current

ig d-axis current

w, electrical speed

Ly Direct-axis inductance
L, Quadrature-axis inductance
Aq flux linkage due q axis
A4 flux linkage due d axis
A Permanent magnet flux
y) flux linkage

o
¥ ; t
b
v

G
Ve -

B

Fig.10. MATLAB / Simulink of Pulse Width Modulation

1. Simulation of the whole System:

The simulation of the complete PMSM drive system was
conducted within the MATLAB/Simulink environment. To
achieve a modular and hierarchical system representation, the
model was constructed using two distinct block types: a single
mask-able block and a lower-level block, as illustrated in
figure (11). This dual-block structure facilitates organized
system modeling and allows for parameter encapsulation
within the mask-able blocks. The specific control strategies
employed for the PMSM drive simulation encompassed both
speed and current control loops are:

e Pl speed controller with PWM current controller.

e  Fuzzy-PI Controller with PWM current controller.

e Table (3) illustrate the PMSM drive simulation
setting [14].

TABLE 3: The PMSM drive parameters

Parameters Symbol Value
Rated stator voltage Vs 380V
Load Torque T, 6.45 N.m
Moment of inertia J 0.015 kg.m?
Armature resistance R, 3.59Q
Per phase inductance L Ph 0.0435 H
Rated Frequency 60 Hz
Pole pairs p 6
Nominal rotor speed nn 125.6 rad/sec (1200 rpm)
Permanent magnet flux Am 0.545 Vs
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Direct-axis inductance L4 0.036 H
Quadrature—ams L, 0051 H
inductance

constant Ky 0.148 V.rad/s

4
controller idvslq

Fig.11. MATLAB / Simulink of the whole system

I11. Simulation results

The efficacy of the proposed control strategy was evaluated
through comparative simulations employing a standard
proportional-integral (PI) controller, a fuzzy-Pl based
controller, and a neural network (NN) controller. To assess
system reliability, a step input signal of unit amplitude was
individually applied to each controller. Two distinct
simulation conditions were considered: a nominal case and a
case with an applied load. The resulting performance metrics
were categorized and analyzed to determine the impact of
each controller under varying operational scenarios.

The simulation results, depicted in the subsequent figures,
provide a comprehensive overview of the system's response
to the applied step input. Quantitative analysis of the system's
time-domain specifications, under both nominal and loaded
conditions, is presented in Tables (4) and (5). These tables
facilitate a direct comparison of the controllers' performance,
highlighting the advantages and disadvantages associated
with each approach under different operating loads.

I. The results that are obtained by applying the

proposed Fuzzy-Pl controller:
o Nominal case

Under no-load conditions, the closed-loop system's transient
response with unity feedback is depicted in figure (12) (a), (b),
and (c), The output speed profile exhibits a smooth trajectory
with an overshoot of 0.0243, indicating that the fuzzy-PI
controller satisfies the performance criteria. Furthermore, the
system demonstrates a settling time of 0.0572 seconds and a
rise time of 0.0392 seconds. However, the steady-state error
of 3.78987%.

When the setpoint was varied by 764 rpm, 955 rpm, and 1200
rpm, the overshoot, rise time, settling time, and steady-state
error were as shown in Table (6).
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Fig.12. Response of the system with Fuzzy-PI controller without load

I I
[ 0.05 0.1

e With load

Upon the application of a 6.45 N.m load torque at 0.2 seconds,
the system's speed-time response, as depicted in figure (13)
(a), (b), and (c), demonstrates the robustness of the fuzzy-PI
controller. The controller effectively restores the system to the
desired trajectory, exhibiting a settling time of 0.0824
seconds, a rising time of 0.0540 seconds, and a steady-state
error of 2.0186%. It is observed that an initial, instantaneous
steady-state error arises at zero torque, impacting the system's
performance.  Furthermore, the fuzzy-Pl  controller
demonstrates its capability to mitigate electromagnetic torque
fluctuations and manage nonlinear behavior.

Specifically, the application of the 6.45 N.m load torque
results in a reduction of the electromagnetic torque from
55N.m to zero N.m under no-load conditions and from 49N.m
to zero N.m under loaded conditions, as illustrated in figures
(12) and (13), respectively. This reduction highlights the
controller's ability to effectively counteract the load
disturbance and maintain system stability.
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When the setpoint was varied by 764 rpm, 955 rpm, and 1200
rpm, the overshoot, rise time, settling time, and steady-state
error were as shown in Table (7).
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Fig.13. Response of the system with Fuzzy-PI controller with load
I1. The results that are obtained by applying the P1-controller

e Nominal case

0 L L
(1) 0.05 0.1 0.45 0.5

Figure (14) (a), and (b), illustrates the closed-loop system's

response under no-load conditions, employing unity feedback.

The output speed profile demonstrates a transient response
characterized by a 0.3288 overshoot, a 0.0363-second rise
time, and a 0.0567-second settling time. Furthermore, a
1.7525% steady-state error is observed. However, the
response exhibits non-linear behavior, indicating limitations
in the system's ability to fully compensate for inherent non-
linearities, as further evidenced in figure (14).
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Fig.14. Response of the system with Pl-controller without load
e with load

Upon the application of a 6.45 N.m load, the system's speed-
time response, as presented in figure (15) (a), and (b), reveals
the limitations of the proportional-integral (PI) controller.
While the controller demonstrates an attempt to restore the
speed to the reference trajectory, its performance is
characterized by significant deviations, indicating suboptimal
regulation. Furthermore, the introduction of the load induces
nonlinear behavior, which demonstrably affects the system's
dynamic response, as illustrated in figure (15). Specifically,
the observed settling and rising times are 0.0707 seconds and
0.0513 seconds, respectively, with a steady-state error of
0.5%. These performance metrics highlight the P1 controller's
inability to effectively mitigate the impact of the load and
suppress the resulting nonlinearities.

The application of the 6.45 N.m torque also induces a
substantial decrease in the electromagnetic torque. Under no-
load conditions, the electromagnetic torque diminishes from
53 N.m to zero, while under load, it decreases from 49 N.m to
zero, as evidenced in figures (14) and (15). This torque
reduction underscores the controller's struggle to maintain
stable operation in the presence of significant load
disturbances and nonlinearities.
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1. The results that are obtained by applying the

suggested Neural Network (NN) controller
¢ Nominal case

Under no-load conditions, the closed-loop speed response
with unity feedback, as depicted in figure (16) (a), (b), and (c),
demonstrates a characteristic performance. The system
achieves the reference speed with zero overshoot, a rise time
of 0.0457 seconds, and a settling time of 0.0787 seconds.
However, a steady-state error of 9.7098% is observed. In
contrast, the application of a neural network controller
effectively mitigates electromagnetic torque, reducing it from
53 N.m to zero without introducing non-linear behavior. This
highlights the potential of neural network control in
enhancing system performance and reducing steady-state
errors, even in the absence of external loads.

When the setpoint was varied by 764 rpm, 955 rpm, and 1200
rpm, the overshoot, rise time, settling time, and steady-state
error were as shown in Table (8).
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Fig.16. Response of the system with Neural Network controller without load

e With load case

When a 6.45 N.m load is applied, see figure (17) (a), (b), and
(c), NN controller attempts to regulate the speed to the
intended setpoint, it is clear that the controller performs
poorly. Also, when the load is applied, the non-linear behavior
affects the system behavior, as shown in figure (17). The
settling and rising times are around (0.0894) and (0.0462)
seconds respectively, whilst the steady-state error is
(65.1070%). Furthermore, the NN controller couldn’t reduce
the electromagnetic torque and overcome nonlinear behavior.
When the load is applied, it causes the electromagnetic torque
to drop from 48 to Zero N.m with load, as illustrated in figure
(16) and figure (17).

When the setpoint was varied by 764 rpm, 955 rpm, and 1200
rpm, the overshoot, rise time, settling time, and steady-state
error were as shown in Table (9).
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Time domain Controller Without load

specification FLC NN Pl
Rise Time 0.0392 0.0457 0.0363
Settling Time 0.0572 0.0787 0.0567
Overshoot 0.0243 0 0.3288
Peak Time 0.1268 0.4398 0.0611
Error Steady-State (%) 3.7987 9.7098 1.7525

TABLE 6: The time domain specification that are obtained by applying the
proposed Fuzzy-PI controller without load
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Fig.17. Response of the system with Neural Network controller with load

TABLE 4: The time domain specification of the system with load

Time domain Reference speed (rpm)

specification 764 955 1200
Rise Time (sec) 0.078 0.1075 0.0392
Settling Time (sec) 0.082 0.151 0.0572
Overshoot (%) 0 1 0.0243
Error Steady-State (%) | 1.9 1.8 3.7987

TABLE 7: The time domain specification that are obtained by applying the

proposed Fuzzy-PI controller with load

Time domain Reference speed (rpm)

specification 764 955 1200
Rise Time (sec) 0.0308 0.0933 0.0540
Settling Time (sec) 0.0417 0.155 0.0824
Overshoot (%) 0 0 0.0156
Error Steady-State (%) 53 49 2.0186

TABLE 8: The time domain specification that are obtained by applying the

suggested Neural Network (NN) controller without load

Time domain Reference speed (rpm)
specification 764 955 1200
Rise Time (sec) 0.092 0.045 0.0457
Settling Time (sec) 0.125 0.075 0.0787
Overshoot (%) 0 0 0
Error Steady-State (%) 45 8.7 9.7098

TABLE 9: The time domain specification that are obtained by applying the

suggested Neural Network (NN) controller with load

Time domain Controller With load

specification FLC NN PI
Rise Time 0.0540 0.0462 0.0513
Settling Time 0.0824 0.0894 0.0707
Overshoot 0.0156 0.1512 0.0107
Peak Time 0.4630 0.4696 0.4602
Error Steady-State (%) 2.0186 65.1070 0.5

Time domain Reference speed (rpm)

specification 764 955 1200
Rise Time (sec) 0.1032 0.0667 0.0462
Settling Time (sec) 0.1343 0.0978 0.0894
Overshoot (%) 0 0 0.1512
Error Steady-State (%) 61.2 63.9 65.1070

TABLE 5: The time domain specification of the system without load

Journal of Science

and Technology

IV. Conclusion

A fuzzy-PI controller was designed for PMSMs drive and the
obtained results compared with the traditional PI. The
considered intelligent controller, which is the NN (Neural
Network) controller, is studied and simulated in terms of
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performance. In which MATLAB/SIMULINK environment
is used for design, implementation, and testing. The speed and
torque of the PMSMs drive were controlled satisfactorily.
Simulation results have shown decent results for the two
scenarios; with and without load. The fuzzy-PI controller
demonstrated better performance in case of loading scenario
than the PI and Neural Network controllers. This can be seen
from the non-linear behavior of the other two (NN and PI)
controllers; they were not able to overcome nonlinearity
electromagnetic torque successfully.
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Abstract— The Beta function and its extensions play a
crucial role in the study of some special functions; several
researchers have introduced and investigated various
extensions of this important function. In this paper we present
further extensions of the Beta and the Gauss hypergeometric
functions. We also explore some of their properties, derive
integral representation, and establish summation formulas.
Furthermore, we investigate the relationship between these
generalized Beta functions and other special functions, such
as the Fox Wright function, Fox's H-function, and generalized
hypergeometric function.

Keywords— Beta function, Extended Beta function,
Hypergeometric ~ function, Extended Hypergeometric
function, Mittag-Leffler function.

I. INTRODUCTION
We start with the classical Beta and Gamma functions defined
respectively as follows (see [22], [27]):

1

B(x,y) = f w11 —w)¥ tdu, (1.1
’ (Re(x) > 0,Re(y) > 0),
and
I'(x) = f u*le % du, (Re(x) > 0). (1.2)
0
rx)r
B(x,y) = %, (Re(x) > 0,Re(y) > 0). (1.3)

The Gauss hypergeometric function and its integral
representation defined respectively as follows (see [22, p.
85]):

(@ (B)n 2"

2Fi(a,Bry;z) = nzown!, (1.4)
(lzl < 1,a,8,y€eCandy + 0,—-1,-2,-3, ...),
Fy(a By 2) = re)
S N DI aT))
X f uP1(1 —w) A 1(1 - zu)~%du, (1.5)
0

(Re(y) > Re(B) > 0,|larg(1 — 2)| < m).

The Mittag-Leffler function and its diverse generalizations are
important, in particular, in connection with the theories of
fractional calculus and special functions.
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Various researchers have presented and explored several
extensions and generalization of Gamma and Beta functions
related to the Mittag-Leffler function have been investigated
(see [1-12], [14-8], [13-17], [18-21], [23-27]).

Shadab et al. [26] introduced a new extension of Beta function
as:

By (x,y) = fo w11 —uw)YE, (— m) du, (1.6)
Where Re(x) > 0,Re(y) >0 and E,(.) is the Mittag-
Leffler function is defined as follows: (see [17])

(o] Zn
Ea(Z) = ;m, RE((X) >0, z € C. (17)

Obviously, for a = 1,p = 0,(1.6) reduces to (1.1).
In the same paper, they defined the following integral
representations of extended hypergeometric function as:

E'(a,B;y;z) =

1

p

BB,y —B)
—-p

X J; uﬁ_l(l - u)y_ﬁ_l(l - Zu)_“Ea (m) du,
(1.8)

(Re(p) > 0,Re(y) > Re(B) > 0,|larg(1 — 2)| < m).
Obviously, for @ = 1,p = 0, (1.8) reduces to (1.5).
Goyal et al. [10] provide the following extension of Beta
function by treating the Waiman function (two parameter's
Mittag- Leffler function) as kernel:

By i, ()

- -Llux—l(l — w7 Ey, k, <_ d )) du, (1.9)

u(l—u
Where Re(x) > 0,Re(y) > 0, ky,k, € Ry, and Ej 4,(.) is
defined as (see [26])

ZTl
E =) —- .
kaiea (2) Z) T (eon + ky)
n=

Al Gonah and Mohammed [2] used the generalized Mittag-
Leffler function introduced by Prabhaker to present the
following extended of Beta functions as:

B,"" (x,y)

1
_ _ p
— x=1(1 _ £\¥y-1 ¥ _
jo 1= 07 B (s dw
Where Re(x) > 0,Re(y) > 0,Re(a) > 0,Re(p) =0, and
Egﬁ (.) is Mittag-Leffler function which defined in Prabhakar
[21] as:

(1.10)

(1.11)
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n

EY () = Wn_2 (1.12)

_OF(an+B)E'
Where Re(a) > 0,a,8,y €C.

Abubakar and Kabara [1] study and studied the following
extended Beta function by using the four- parameter Mittag-

Leffler function (Salim function):

k D
k:k2k3(x y)

p
- f 1w RS, ( T )) du, (1.13)
Where Re(x) > 0,Re(y) > 0,ky, ky, ks, ky € RS, Re(p) >
0.
and E,’\f:’kz’k3 () is defined as follows:(see [24])

k4 _ (kS)n n
B = ) Gyt T
Where,
ki, ko, ks, ky € C,Re(ky) > 0,Re(k,) > 0,Re(ks)
> 0,Re(k,) > 0.
Dudi and Abubakar [7] study another extension of Beta

functions related to the generalized Mittag-Leffler function

k3,k4,q9
Bkik;p,w (x, y)

1
_ g1 _ -1 pkakaq (@
- fo w1 - B (— o) du (115)
Where,Re(x) > 0,Re(y) > 0,ky, ky, k3, ks €ERS, 0 =0,

(1.14)

Ec3ex4 () the generalized Mittag-Leffler function is
introduced by Salim and Faraj, as follows: (see [25])
prakad — (k3)gn z",
1.1
Brasan O = 2, Gyl Gan 1) (10
Where,

ki, ko, ks, ky € C,min{Re(k,), Re(k,), Re(k3), Re(ky)}
>0,p,q >0,qg < Re(ky) +p.
Throughout this paper, we need the following well-known
facts and rules.
Wright generalized hypergeometric function (Fox- Wright
function ,, ¥, )(see [27])

(aliAl) (ap; q) ]
(:81!31) ('BCI’ q)
_ P T(aj+Am)zt
= Xn= OW: (1.17)
where the coefficients A; e R*(j=1,..,p) and B; €
R*(j =1, ...,q)such that
1+ZB ZA > 0.
A special case of (1 17) reduce to the generalized

hypergeometric function ,, F,

(a1, A1), ..., (ap, A q)

(Bu B, s (B Bo)i

_ H7=1F(aj) Ay, eeey App;
S,y P [/31' ---'ﬁqiz '

(1.18)

Fox- H- functlonH (see [13])
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mn[ (allal) (ap’aq)
H
(b1, B0, -, (Bg, By)
1 f H] 1F(bJ+BJS)H1 1F(1_aj+ajs) Z_SdS (119)

27n L H? m+11“(1—bj—ﬁjs)l'[?znﬂl“(aj—ajs)

2. FURTHER EXTENSION OF BETA FUNCTION AND ITS
PROPERTIES
In this section, we define a new generalization of Beta
function as follows:
Definition 2.1. The Further extension of extended Beta

function is defined as:

k3,k4,9,02
Bk1.k2,p.w1 (x, y)

= (Yyx-101 — 1 pkakeq (01 _
= W A W e (-2 - ) du, (21)

WhereRe(x) > 0,Re(y) > 0,Re(w,) > 0,Re(w,) > 0,

ki, ko, ks, ks € C, min{Re(k,), Re(k,), Re(ks), Re(ky)} >
0,p,g>0,qg <Re(k;)+p and Ekfk:; (.) is the
generalized Mittag- Leffler function defined in (1.16).

Remark 2.1. Note that:
(i) If w; = w, then (2.1) reduces to the well-known extended
Beta function (1.15) given by Dudi and Abubakar [7].

3. PROPERTIES OF EXTENDED BETA FUNCTION
In this section, we investigate various properties of the

i k3,K4,q,02 .
extended Beta function B, * " # (x, y) as follows:

Theorem 3.1. The extension of Beta function satisfies the
following functional relation

k3,k4,q,02 k3,k4,q,07
Bk1.k2yp,w1 (e + 1,}/) + Bk1.k2yp w1 (x, y+ D

k3,k4,q,0>
- Bk1kzpw1 (XJ’)

Proof. Consider the left-hand side of (3.1), we have
k3,k4,q,0 k3,k4,9,0
kf’klj_p‘wf (x+1,y)+ ka’k:_p‘wf ,y+1)

= j W@ —-wrt+u (1 - wr}
0

ksk Wq o)
< B (-G

(3.1)

= flux_l(l — w2 u+ (1 -uw}
0

k3k w1 (L)
X Bk (_7_(1—u))du

1
_ -1 -1 pkakaq w1 W7
- fo W A=W By (_?_ (1 —u)>
which proves the desired result.
Theorem 3.2. The extension of Beta function satisfies the
following summation formulas
Blakatw2 (6, 1—y) = Z On Bkt (x+n,1) (32)

k1k2P(D1 k1k2P(U1

Proof. Consider the generallzed binomial theorem
1-w = Z Do, (i < 1. (33)

n=0
Applying (3.3) to the definition (2.1) of extended Beta
function
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k3,K4.q,02 _
Bk1k2Pw1 (X1 y)

() +n—1k3keq Wy W>
fz W B <_?_(1—u))du

Now, mterchanglng the order of summation and integration in
above equation and using (2.1) proves the desired result.
Theorem 3.3. The extension of Beta function satisfies the
following infinite summation

Formulas:

[ee)

k3,k4,9,0 _
B2 (x,y) = )
. n=0
Proof. Using the relation

k3,4,
Btz (x+n,y +1) - (3.4)

[ee)

A-wrt=0-w ) u®
In (2.1), we obtain

k3.k4,q,0
kak:pwlz (x, y)

_ x+n-1pk3keq (@1 W2

_f 1-wYyyo,u E s ( " —(1_u))du
By interchanging the order of integration and summation in
above equation and using (2.1), we get the desired result.

Theorem 3.4. The following relation holds true

k3,k4,q,02
Bk1.k2.P.;LD1 (x‘ y)

n k3,k4,q,w2
- Z (m) Bklikszywl (x + m;y +n— m),

m=0

(3.5)

(n € Ny).
Proof. Using (3.1),
Bk (67

k3,k4,q,02 k3,k4,q,02
T Bk1 k20,01 (x+1Ly) +_Bk1.kz,p,w1 (9@’ + 1),
Taking x = a and y = —a — n in above relation, we have

k3,k4,q,02 P _ pkakyqowz P
kq,k2,p.01 (@ —a—n)= Bk1.kzlpyw1 (@ —a—n+1)

k3,k4.q9,02 oy —
B . (a+1,—a—n),

Starting withn = 1, 2, 3, ..., we have
Bikipar (@0 =1 = B @ =)
+Bk13"k:,'l,"mf (a+1,—-a—-1),

Bk, (@ = =2) = B (0 —)

42Bfka002 (0 4 1 g — 1)

k1.k2,p,01
k3,k4,q,0
+ B3 w92 (g4 2 g —2),

ek kq1,k2,p,01
3,K4,4,W2 v
Bk1.kz.p.w1 (0{, @ 3)

— pkakaqw; _ ke3,k4,q,02 _
=B sl (—a) + 3B v 2 (a+1,—a—1) +

k3,k4,9,0 k3,k4,9,0
Ska‘k;p,wf (a+2,—-a—-2)+ Bkik;,p,wlz (a+3,—-a—3)
and so on. The above series behaves like as finite binomials
series does. Thus, we can finally obtain the desired relation
(3.5). Note that, we can also prove the desired inequality by
applying induction on n.

4. EXTENSION OF HYPERGEOMETRIC FUNCTIONS
In this section, we introduce further extension of
hypergeometric function by using the extension of Beta
function (2.1) as follows:
Definition 6.1. The extension of extended hypergeometric
function is defined as:
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k k
k13k24pq(j)12 (a,B;v:2)
ke3.k4,q,02
_ yo By ka1 (ﬁ+n,y—6)@
_ano(a)n B(By-PB) n (4-1)
(kll k2l k3l k4 € Ra—' Re(y) > Re(ﬁ) > 0; wlf (1)2 = 0’ |Z|
<1,p,q >0,q < Re(k,) +p).
Theorem 4.2. The extended hypergeometric has the
following integral representation:

k3k4qw2
klkzpwl (a '8 )/,Z)

w11 —w) P11 - zu)”

=mfo

k3kaq (_©1
x E ( n - u))du (4.2)

k1.k2,p
(kll k2! k3! k4 € Ra-' Re(y) > Re(ﬂ) > 0) W1, Wy Z Or |Z|
<1,p,q >0,q < Re(k,) +p).
Proof. By using (2.1) in (4.1), we have
plak
k13k24pqa(:)12 (a, ;v 2)

e KGR
’ 0

k3k wWq &) C (zu)?
Bk (_7 (- u)) Z(a)" o 2
n=0

Thus, by using, the relation
NPGOL _
Y@= -,

n=
We get the desired relation.

Theorem 4.3. Consider F%:%2 () function. Then, the
following functional relation hold:

k Ka,q,0 :3 k Ka,q,0 . )
k13k24p wlz (@ B5v;2) = k13k24p cu12 (,p+1Ly+1;2)

k3,k
+EE R @ir 1) (43)

(kl! kZI k3l k4 € Ra—! Re(y) > Re(ﬁ) > O, W1, Wy = O’ |Z|
<1,p,q9>0,q <Re(ky) +p).
Proof. Using the following relation (3.1) in (4.1), we get
Beliapi, (B+n+ Ly —B)
+B e (B +n,y — B+ 1)
— Bk3k4q(u2 B +ny-p),

k k k1.k2,p,01
,q,0 —
k13k24p w12 ((X ‘8 Y Z)

5 (Bi‘f)zf;‘jgfi’f (BHn+Ly - +B AT 02 (B4my- ﬁ’+1)>
Zn=o(@n B(BY—F) L
= 55 o(a), Pkt Gty R

n=03"/n B(By-B) nl
g0 o p (B+ny=B+1) g
”=°(k“)k" B(B.y—B) r’
_ B(B+1y— /;)Z @ By a2 (BHn+1y—p) n
B(By-p) “m=0r"In B(B+Ly—B) n!

BEY B 50 (0 BEFAA02 (piny—pr1) 4
n=0 n

B(B.y—B) B(By—B+1) TN

Then, using the value of Beta function in terms of gamma
function together with (3.1), allow us to get the desired result.

Theorem 4.2. Consider Fkk3kk4pq(f,"2 () function. Then, the

following sum relation hold:
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k3k4qw2(a‘8 V'Z)— Z (1+ﬁ' y)mB(ﬁ'i_mrl)

e BBy =P
Xt (“'/3 +m;f+m+1;2), (4.4)

(kll k2' k3' k4— € RO'Re(y) > Re(ﬁ) > 0' W1, Wy 2 0’ |(p|
<1,p,q>0,q <Re(ky) +p).
Proof. Using the following relation (3.2) in (4.1), we get

k JKa,q,0
Bty pw, B+ 1= B)

— Zm:o A-y+B)m Bk3,k4,q,w2 (ﬁ +n+m, 1) i

m! k1.k2,p, w1

1
k k4,90
k13kz41J w12 (a ﬁ 14 Z) Z(a)n B(ﬁ Y — ﬁ)
(1-y+B)m Bk3 k4qa)2 (Z)
m! kq,k2,p,01

B+n+m1)—

k3, k4qw2.
1+ Y B(B+m,1) (ﬁ+n+m,1)( yn
—Zm 0 Py)m B, Zn 0( )n fbaben -

ml B(By-B) B(B+m,1) T
Then, using the definition of Gauss hypergeometric function
(4.1), allow us to get the desired result.
Theorem 4.3. Consider F%:%2 () function. Then, the
following sum relation hold:
Fiad®2 (a,B;v;2) = (y = B)
¢ )m
Zm 0 B kk13kkz4pq(j)12 (alﬁ + m; Y + m + 11 Z)! (45)
(kll k2!k3ﬁk4’ € RO'Re(y) > Re(ﬁ) > 0! W1, Wy 2 01 |Z|
<1,p,q >0,q < Re(ky) + p).
Proof. Using the following relation (3.4) in (6.1), we get

X Zm:O

k kaq, k3,kq,q,0
kfk;paa))lz(x y) = Zkak:pmlz(x-l_m'y-l_l)'
kk3kk4qw2 (a,B;v;2)
pw ’
12 1 © k3k4qw2(ﬁ+m+n —,3+1) n
_ Z (a) Z k1k2pw1 Y (2)
" BB,y —B) n!’

g BB Bt v B e pr. (BYmAny—B+1) (;)n
- m=0 n=0 n

B(B,y—B) B(B+my—B+1) n
Then, using the value of Beta function in terms of gamma
function together with (3.1), allow us to get the desired result.
Theorem 4.4. Consider F*#%“z () function. Then, the

kq,ko,p,w1
following result hold:

k3k4qw2(aﬁy’z) i(rrrll)B(ﬁ+m,y_ﬁ+n—m)

k1 k20,01 _
= BB,y = B)
X Fkkfkkz‘*pqa‘;’f (a,B+m;y +n;2), (4.6)

(1, k3, k3, k4 € Ry, Re(y) > Re(B) > 0,w,,w; 2 0, |z
<1,p,q>0,q <Re(ky) + p).

Proof. Using the following relation (3.5) in (4.1), we get

k3,k4,q,02
Bk1.k2yp.w1 (e, y)

(n) k3,k4,q,02

m/ “kikapw1
k3 k4,q,0>

k1k2pw1 (aﬂyiz)k .
3,K4,4,W2

—yn
m=0

(x+m,y+n—m),

- Z(a’)r 2. () Biliamer (BT +my =B +n—m) (Z)T‘t
r=0

P BB,y —B)

O n\BB+my—B+n—m)x
2 )=y 2

m=0
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K3k,
ka,k;‘,,f,fff B+r+my—pF+n—m)(z)"

B(B+my—B+n—m) Tl
Then, using the definition of Gauss hypergeometric function
(4.1), allow us to get the desired result.

’

5. TRANSFORMATION AND SUMMATION FORMULAS
In this section, we obtain transformation and summation
formulas for the extended hypergeometric function as
follows:
Theorem 5.1. The following transformation for extended
hypergeometric function holds
true for w,, w, = 0;
Feiameor. (@ B:7;2)
-z
= - Rt (wy -Bivis), 6D
(ky, kg, ks, ky € RE,Re(y) > Re(B) > 0,w,,w, = 0,|2]
<1,p,q >0,q < Re(ky) +p).
Proof. Replacing u — 1 — u in (4.2) and using the following
result:

(1 —z(1- u))_a =
We obtain
k’?kk;pqaﬁz (@85 V' z)
1-9)“ z
= 7 y=B-1(1 — 1y)P-1 _
By B, A (1)
k3, ka,q w1 (2F)
B (7 - a o)
Which, by applylng (4.1) yields the desired result.
Theorem 5.2. The following summation formula holds true:
Bwd2 (By — o — ) 53
B(ﬁ']/ - ,B) ’ '
ki, ky, k3, k, € R, Re(y) > Re(B) > 0,Re(y —a—B) >
0,w,w, 20,p,q >0,
|z <1,q <Re(ky) +p
Proof. Taking ¢ = 1in (4.2), we have

Felienmar (@ By 1) =

-a

(1—2)‘“(1—1izu) ,

(5.2)

-a

k3k4qw2
Flirmw, @Biy;1) =

klkzpwl B(ﬁ Y — B)
B-1(1 _ —a-B-1 pkaksq (@1 w2
X fo ub 11 —uyr« Eyow ( ” (1—u)) du

By applying definition (2.1) to the above equation, we get the
desired result.

6. CONNECTION WITH THE OTHER SPECIAL FUNCTIONS

In this section we obtain certain connections of the
generalized Beta function (2.1) in terms of other functions and
polynomials. The results obtained here are interesting and can
further be applied to other extensions of beta and other
functions.

Theorem 6.1. The following relationship further generalized
extended Beta function between the Wright function holds
rue:

k3k4qw2( ) ( 4)

-1
k1 k2,p,01 ['(k3) w1

— )yt

(k3' CI) (1 1) _ w1

% ll}z [(k4: Q), (kp kz); u (1- u)] du. (6'1)
Proof: Applying the result from Salim et al., (see [25], (29))
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k3 k4,9 ( ) I'(ks) 1/12

Co ) 0: ] (g

kl kap F(kg) 2 (k4-l q) (kll 2)
On setting z — —%— (fizu) , multiplying both sides

by u*1(1 —w)¥ and integrating with respect to u limit
from 0 to 1, gives the desired result.

Theorem 6.2. The following relationship further generalized
extended Beta function between the Fox's H-function holds
true:

rcy)
k k 4 — _
Bt (V) = Ty | wi@—wr
1,2 ﬂ (Oll)l (1 - k3’ Q) ]
x HE (24 o (0,1), (1 = kyy ey, (1 — kg p)) S (63

Proof: Applying the result from Salim et al., (see [25], (32))

;;3;::3 (Z) (0,1) (1 —ks,q)
_ T(ka) y12| _ L), — K3, (q
= Tk 1123 [ 210.1), (1 = Ky k), (1 — ke p)) 7 &P

w1 w2

On setting Zo - T e multiplying both sides

by u*~1(1 —u)¥~! and integrating with
respect to ¢ limit from 0 to 1, gives the desired result.
Theorem 6.3. The following relationship further generalized

extended Beta function between the Generalized
hypergeometric function holds true:

k k

Bl ) = s [ -

« L F [ 1 ,4(q, 3),(_&_ W, ) q“]
a+1ptn A(n, k2) l(p' k4—) ’ u (1 _u) ppnn
X du, (6.5)

n n+1 n+k—1.

Where k; = n € N, A(n, k)is k —tuple - = e,

k
Proof: Applying the result from Salim et aI (see [25], (30))

k k4,9
Eitiap (2)

1 P [ 1, A(q, k3). qu]
T Tl VP A(n ky), A(p,k,)  pPRT

w w -
On setting Z_’_Tl_(l-zu) , multiplying both sides

by u*1(1—w)” tand integrating with respect to u limit
from 0 to 1, gives the desired result.

(6.6)

7. CONCLUSIONS
This study introduced a new extension of the extended Beta
and Gauss hypergeometric functions, exploring their
properties, integral representations, and connections with
other special functions. These findings provide a foundation
for further research into broader generalizations and
applications in mathematical and applied sciences.
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Abstract— This study assessed the impact of generative
artificial intelligence (GenAl) usage on the academic outcomes of
engineering students within the context of Yemen's unique
socioeconomic challenges. This study employed a quantitative
approach through a structured 5-point Likert-scale questionnaire,
which was distributed to 277 engineering students from Taiz
University, Yemen. In a resource-constrained environment, the
results exhibited a strong correlation between GenAl usage and
engineering students’ overall grades and skills development.
Additionally, findings showed that socioeconomic challenges that
students face in Yemen have moderately hindered students from the
effective usage of GenAl for educational purposes, which is a key
finding for higher education institutions (HEIs). Also, statistical
results showed that almost all respondents are familiar with GenAl
tool usage, while 89.17% use ChatGPT as a fundamental
component of learning. Of course, the integration of GenAl into
education has become inevitable, compelling HEI policymakers to
regulate its use and formally adopt it as a primary source of learning
systems. Students and educators should obtain continuous training
to effectively benefit from GenAl while conforming to ethics and
boosting their intellectual capabilities and skills. Raised concerns
that the students overreliance on Al tools could undermine their
problem-solving abilities and practical skills development while
complicating students’ evaluation process for educators. The
outcomes of this study could serve as a foundational reference for
policymakers, educators, and students in Yemen and similar
settings. It also recommends in-depth studies that cover other
educational contexts and respondents from other states, rather than
undergraduate engineering students in the present study.

Keywords— Academic Achievement; Generative Artificial
Intelligence; Engineering Education; ChatGPT; Academic
Achievement; Engineering; Students; Socioeconomic; Challenges,
Higher Education Institutions (HEIs).

I. INTRODUCTION

The rapid pace of technological advancement has
compelled both public and private organizations to adapt
swiftly to these changes. Beyond mere adaptation,
organizations must now focus on training and upskilling their
workforce while modernizing their infrastructure to
effectively integrate these advancements. Among the most
transformative developments is the remarkable evolution of
Al software and big data visualization tools [1]. These
technologies are designed to empower intelligent machines
and computer programs to replicate human cognitive
processes, revolutionizing how tasks are performed and
decisions are made. By integrating these tools with advanced
intelligent programs, such systems can not only mimic but
also surpass human intelligence in many tasks.

Journal of Science

and Technology

Al has become a transformative force across a wide range of
sectors, including military, industrial, commercial, and
technological fields. Its applications have steadily expanded
into critical areas such as healthcare, agriculture, education,
and beyond, revolutionizing processes, enhancing efficiency,
saving time and money, and enabling innovative solutions to
complex systems [1-3]. It alters all people’s daily life
perspectives, including their communication, education,
health, well-being, family, social, and economic affairs [4-8].
HEIls today face significant challenges in improving the
quality of education and enhancing students' academic
achievement, particularly considering rapid technological
advancements in information resources and data mining. It
was proposed that integrating technology into the HEIs
improves education sustainability and quality and boosts
institutions’ competitiveness [9, 10]. Among these
technological advancements, Al algorithms have begun to
play a pivotal role in the educational process. It is now
considered a primary source of learning in school and
university education systems. However, there is widespread
speculation about the potential risks of Al tools replacing
human thought and reasoning, especially at the university
level, a critical stage for shaping students’ minds and
equipping them with the knowledge and skills needed to enter
the workforce and overcome life challenges.

University students in Yemen, particularly engineering
students, face unique challenges shaped by the country's
distinct sociopolitical and economic context and HEIs’ poor
infrastructure [11, 12, 13, 14]. Key factors such as political

conflict and division, economic collapse, and social
restrictions  significantly influence their educational
experiences and outcomes [11-15]. Recent research

highlights the profound impact of socioeconomic factors on
the academic achievement of engineering students [11].
Political instability has further compounded these challenges,
creating obstacles not only during their undergraduate studies
but also in securing employment after graduation [15, 15].
Additionally, the conservative nature of Yemeni society
imposes extra barriers, particularly for female engineering
students and graduates [11, 15].

In response to the lack of official educational platforms,
engineering students in Yemen have turned to social media as
a tool for learning and collaboration [12]. However, a survey
study conducted across engineering colleges in Yemen
revealed that universities lack the necessary technological
infrastructure to support diversifying modern educational
resources, such as online education platforms and Al-based
models [15]. Given these circumstances, it is crucial to
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consider these variables when examining the potential impact
of integrating Al models into the educational system.
Understanding these challenges is essential for developing
effective strategies to enhance the quality of education and
support the academic and professional success of engineering
students in Yemen. Additionally, there is a dearth of research
studies examining these variables among university students
in Yemen, especially given the exceptional circumstances
Yemen is experiencing at all levels. This study aims to
investigate the impact of GenAl usage on the educational
achievement of engineering students in Yemen amidst
socioeconomic challenges specific to the Yemeni situation.

Il. LITERATURE REVIEW

GenAl belongs to Al algorithms that are extensively
pre-trained, with the ability to generate new content, such as
texts, images, videos, etc. They behave like intelligent
humans and even surpass them. They can generate interactive
conversations, visuals, audio, meetings, presentations,
research, programming, and data analysis [17]. In terms of
coding, GenAl models are built based on the principles of
machine learning algorithms in which an output could be
released without prior programming to perform a predefined
outcome [18]. Put simply, various learning algorithms are
used to achieve these complicated tasks. Furthermore, GenAl
consists of effective and fast-response models that perform
various language processing tasks and smart problem-solving
capabilities with ultimately high accuracy [19]. Notably, it
can perform text generation, data analysis, translation over
dozens of languages, original essay writing, summarization,
interactive question answering, etc.
The early stages of Al tools were rooted in the prediction of
rule-based decision-making theories during the 1940s. After
World War 1l, the science of operations research was
developed, which is considered the base of Al-based
generative decision-making models. During the 1950s, Alan
Turing and John von Neumann announced the first attempt at
Al models. Their exceptional prediction was to examine a
machine's ability to exhibit intelligent behavior [20].
Throughout the last five decades, numerous algorithms have
been developed to help provide human-like interactive
decisions with slow progress. The rapid development of
robots, automation, programming, control systems, and
advanced electronic circuits paved the way for effective Al
tools [20, 21].
ChatGPT received the most attention from researchers
globally due to its wide popularity and miraculous features
[18, 19]. A large experimental survey investigation showed
that ChatGPT improves students’ problem-solving and self-
efficacy skills [22]. Following the emergence of ChatGPT
with its exceptional features, international companies rapidly
competed to launch similar programs with even better
features. Initially, competition was limited to US companies,
but the emergence of the Chinese-made DeepSeek program
was considered a breakthrough in this field, breaking the US
monopoly [23, 24].
Integration of GenAl models with higher education is today’s
pressing topic that has shown a dramatic change in HEI
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policies [17, 25, 26, 27]. However, the integration process
faces various barriers, including funds, community
acceptance, digital literacy, data availability and reliability,
and HEIs' infrastructures, among many other challenges [26].
One significant benefit of GenAl models for students is their
ability to support asynchronous communication, enhancing
student engagement and collaboration. They enable students’
discussion’ engagement and asking questions without the
need to be online simultaneously [17]. Additionally, certain
GenAl models, such as chat APIs, can facilitate collaboration
by enabling the creation of student groups, allowing students
to work together on projects and assignments in real-time or
asynchronously [28]. Additionally, GenAl tools are valuable
for supporting remote learning, offering critical assistance to
students who face physical or mental health challenges [29].
GenAl models can effectively promote learning approaches
by directing seekers to the preferred resources, including
books, articles, consultants, and websites, to satisfy their
needs and preferences. This easy access to technology and
services assists students to engage more deeply with the
resources and emphasize self-directed learning [17].
Additionally, Al-powered chatbot applications allow instant
access to educational resources, such as study guides, lecture
notes, and practice exercises, further supporting students in
mastering complex concepts. By delivering targeted
assistance and resources, Al not only improves
comprehension but also empowers learners to take ownership
of their educational process.

Focused studies have investigated the relationships between
GenAl tools and educational achievement from student views
[17] and educator views [30, 31, 32]. It was reported that
students interact with new technologies better than their
educators [13, 33]. Overall, the impact of GenAl on the
education system has become an unavoidable reality, raising
voices to HEI policymakers to establish controls and
regulations to organize its use, maximize its benefits, and
mitigate its potential negative effects. The impact is
volumetric; integrating GenAl into education has raised
voices to redesign the HEI curriculum, enabling sustainable
education and expanding learning resources [34, 35].
Conversely, there are rising global concerns about the
potential negative excessive use of GenAl models on
students' critical thinking and their ability to develop
problem-solving skills for complex challenges [29]. Although
these concerns are fundamental and require in-depth survey
analysis, this topic is beyond the scope of this study.
Integration of GenAl into education has emerged as a pivotal
and dynamic topic in recent years, attracting focused
evaluation from sociologists, educationalists, programmers,
and policymakers across diverse educational settings
worldwide. This study aims to investigate the impact of
GenAl use on educational attainment within an economically
and politically unstable environment and amidst educational
institutions with poor infrastructure to engage with such
technologies. The study's outcomes could provide unique
insights far beyond those observed in more stable contexts.
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I1l. METHODS & RESEARCH DESIGN

A. Research Design

This study was mainly structured to explore the
importance of adopting GenAl tools as a supporting learning
resource and the impact of their frequent usage on
engineering students’ educational achievement. The research
study extends to study many students’ surrounding variables,
such as social, economic, and educational influences, as
illustrated in Figure 1. Specifically, this study investigated the
effects of students’ gender, marital status, financial
conditions, living stability, engineering specialization, study
level, and internet access facilities such as personal
computers and smartphones.

The study's independent variable is students’ use of
GenAl models, while the dependent variable is academic

in General
Sex (Gender)

Marital Status

University

achievement. Students’ usage of Al tools was measured by
introducing three questions in the questionnaire; these
questions are (1) their usage density of Al tools (always,
often, sometimes, seldom, and never), (2) the period between
each entry to the Al sites (daily, weekly, monthly, etc.), and
(3) students were asked to select from a predefined list of
many Al tools frequently used by university students.
Accordingly, this study identified the students’ usage of Al
tools among these questions. These measures were
standardized by many studies from the literature review [36].
Academic achievement was measured using students’
overall grades in the university and high secondary schools.

GenAl Usage

Overall Grades

Living Stability

Socioeconomic Variables

Economic
Condition

GenAl Usage
for Education

Having Laptop

Having Smart

Study Level

Educational Variables

Specialization close
to Computer

Fig. 1. Turbine Test Schematic Diagram

Students were directly asked many demographic questions,
such as their sex, marital status, study level, specialization,
and whether they have personal computers and smartphones.
Demographic data were examined as variables in this study
to investigate their effects on students’ usage of GenAl
models for educational purposes. “Living stability” is a
socioeconomic variable that has been proven to negatively
impacts on university students’ overall grades in Yemen [11].
To measure the "living stability" variable, engineering
students were asked if they constantly lived with their
families, in university hostels, with relatives’ homes, or with
friends and classmates.

The harsh economic conditions in Yemen undoubtedly affect
students' performance, attendance rate, academic
achievement, and access to technology and GenAl tools at
university. For that, it was considered a variable in this study,
and it was measured by asking students about their average
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daily expenses within many ranges. These measures align
well with other studies from the literature [11].

Finally, students were asked many questions to explore their
views regarding four aspects: (1) the extent to which students
use Al programs and their impact on their educational
attainment, (2) students' awareness of the importance of Al as
a primary learning resource for undergraduate students, (3)
the dimension of developing practical skills, and (4) expected
drawbacks and challenges associated with using Al tools.
These research dimensions are in line with other studies
performed on similar works worldwide [17].

B. Research Hypotheses

H1: The use of GenAl tools for education positively impacts
students’ academic achievement.

H2: Students in computer-related majors benefit more from
Al tools compared to other majors.

https://journals.ust.edu/index.php/JST
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H3: Senior students derive greater benefits from Al tools than
fresh ones.

H4: Students’ gender has a neutral effect on the use of Al
tools for educational purposes.

H5: Socioeconomic variables of Yemeni students have a
negligible effect on their usage of Al tools.

H6: Students who have personal computers show higher
interaction with Al tools than other students.

H7: Frequent use of Al technologies enhances students’
overall academic performance at the university.

H8: Frequent use of Al tools contributes to the improvement
of students’ practical and technical skills.

C. Data collection

This study employs a quantitative approach for answering
research questions. A structured questionnaire was developed
to address research questions and hypotheses. It targeted
engineering students from the Faculty of Engineering and
Information Technology at Taiz University, Yemen.
Engineering students were selected as a sample of
undergraduate students in Yemen due to their proximity to
technology and computing advancements. Questions were
structured based on a 5-point Likert scale and first asked for
demographic information of respondents, followed by

Students' Specializition

(a)

® Networking

uiT

H Software
Mechatronics

M Industrial
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questions related to research variables, both dependent and
independent variables.

The questionnaire was reviewed by two statistical specialists
to ensure that its questions effectively validated the research
questions and hypotheses. After that, the questionnaire was
randomly distributed to engineering students in lecture rooms
during classes in February 2025. The research population was
limited to undergraduate engineering students at Taiz
University during the academic year 2024-2025, totaling
approximately 1,830 students. A total of 300 responses were
collected from students across various study levels and
specializations. Of these, 277 responses were complete and
accurately recorded in an Excel file for further analysis.
Demographic questions were included in the survey to gather
information about the respondents' characteristics. The
respondents were classified by their sex, with 84 female
students and 193 male students participating in the survey.
Additionally, among all respondents, 20 students were
married, while 257 were single. These demographic
classifications were structured as key research variables to
examine the potential influence of sex and marital status on
the relationship between Al tool usage and educational
attainment.

Students’ Level of Study
(b)

HLevel1

13% 9%

mLevel 2
HlLevel 3
Level 4

Hm Level 5

Figure 2. Questionnaire respondents’ classifications based on their (a) discipline and (b) study level.

The engineering specializations of the students were
categorized as illustrated in Figure 2(a). The distribution of
respondents across specializations was as follows: 53 from
the Industrial Engineering department, 21 from
Mechatronics, 42 from Software Engineering, 90 from
Information Technology, and 71 from Computer Networks
and Cyber Security. Similarly, Figure 2(b) displays
respondents’ classification based on their study level. The
division of students was as follows: 26 students from the
1ST level, 68 from the 2ND level, 66 from the 3RD level,
80 from the 4TH level, and 37 from the 5TH level. This
diversity and uniformity of respondents across both
specializations and academic levels make them effective
variables influencing the correlation between GenAl usage
and educational achievement. Furthermore, a good
selection of respondents’ frameworks enhances the quality
of the research sample to effectively validate the research
questions and the study’s hypotheses.

https://doi.org/10.20428/jst.v30i5.2895

Statistical analysis was conducted using SPSS software,
which was used to calculate the mean, standard deviation,
and variance of the variables. Additionally, the correlation
coefficient between the variables was also assessed. The
data were exhibited in the form of tables, diagrams, and
graphs for better understanding of the relation between
various variables.

IV. RESULTS AND DISCUSSION

This section presents the analysis of questionnaire
responses of 277 engineering students from different
engineering disciplines in Yemen. Many variables were
studied to predict the relationship between GenAl usage and
educational attainment. These variables are, for example,
sex, marital status, engineering specialization (with a focus
on its proximity to computer-related fields), living stability,
economic condition, study level, and having a personal
computer and smartphone.
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The interactions of these variables were systematically
analyzed, and the results are presented in tables and charts.
Figure 3 demonstrates the percentage of various Al tools
frequently used by engineering students in Yemen for
educational purposes and general knowledge acquisition.

The results indicated that 89.17% of engineering students
rely on ChatGPT as their primary Al tool. This finding is in
consistent with other studies highlighting ChatGPT’s
dominance as the most widely promoted GenAl model for
higher education after its release in November 2022 [18, 19,

32]. For instance, a 2023 survey study performed in
Germany indicated that two-thirds of university students
use ChatGPT as a main Al model for their studies [37].
However, this survey was conducted just a few months after
its initial release by OpenAl.

100.00%

90.00%
80.00%
70.00%
60.00%
50.00%
40.00%
30.00%
20.00%

10.00%

0.00%

ChatGPT

Gemine Chat

Percentage (%) of Engineering students' usage of Al Tools

Google Poe-Fast Al DeepSeek Microsoft ChatBot AlChat:ask PaperChat Meta Al Other tools

1.08% 0.72% 1.81%

Al Chat
Anything

Figure 3. A diagram of percentage (%) of student users among list of GenAl tools. Sample size, n=277.

According to Figure 3, Google Gemini and Poe-Fast Al
Chat came in second and third orders, with usage rates of
45.5% and 40.8%, respectively. Although DeepSeek was
officially launched on January 27, 2025, it quickly gained
popularity, likely because it is an open-source and cost-
effective model. It demonstrated very good results
comparable to what can be obtained by ChatGPT. Its
Chinese origin, which filled a gap in an Al market
previously dominated by U.S.-based tools, also raised its
popularity. Accordingly, the survey results of this study
indicated that over 35% of Yemeni engineering students
began using DeepSeek frequently within a few weeks of its
global release. Additionally, about 32.85% and 21.3% of
students use Microsoft Copilot and ChatBot Al tools,
respectively. Other tools, such as PaperChat and Meta Al,
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are rarely used by Yemeni engineering students, with only
about 1% reporting using them.

Table 1 elucidates the statistical values of the main
variables corresponding to this study. There are identical
matching mean value results of secondary school grades
and university grades at u = 3.516 and p = 3.58,
respectively. Most students showed higher “living stability”
at p = 4.018, while the “economic conditions” of
engineering students in Yemen are ultimately bad at p =
2.516. Students who frequently use GenAl tools for general
purposes are at L = 3.92, but students’ usage for educational
purposes is high at © = 4.246. These values provide an
initial indication about the respondents’ characteristics and
variables’ features in the context of the Yemeni
environment.

https://journals.ust.edu/index.php/JST
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Table 1. Statistical analysis (Range, Mean, and Standard Division) of main variables. Sample size, n = 277.

] Mean
Code Variable n Range m S.D.
Al Sex (Male 1, Female 2) 277 1-2 1.30 0.46
A2 Marital Status 277 1-2 1.072 0.259
A3 Specialization close to computer 277 1-5 3.841 1.614
A4 Study level 277 1-5 3.11 1.187
A5 Having computer 277 1-2 1.144 0.352
A6 Having smart phone 277 1-2 1.011 0.104
A7 Secondary school score 277 1-5 3.516 1.153
A8 University Score 277 1-5 3.58 947
A9 Living stability 277 1-5 4.018 1.392
Al0 Al Usage, in general 277 1-5 3.92 .885
All Al Usage for Education 277 1-5 4.246 764
Al2 Economic conditions 277 1-5 2.516 1.082

Table 2. Statistical analysis based on variables’ significance (P< 0.05) with dependent variables.

Uni. Overall Grades (A8)

Students’ AI Usage (A10)

Code Variable = p F )
Al Sex (Male 1, Female 2) .850 0.357 4.662 0.032
A2 Marital Status 0.155 0.694 0.624 0.430
A3 Specialization close to computer 1.049 0.383 2.638 0.035
Ad Study level 2419 0.049 2.395 0.050
A5 Having computer 0.000 0.995 1.142 0.286
A6 Having smart phone 0.956 0.564 0.363 0.547
A7 Secondary school score 6.465 0.000 0.615 0.652
A8 University Overall Grade XXX XXX 1.581 0.180
A9 Living stability 0.387 0.818 1.336 0.257
A10 Al Usage, in general 1.425 0.226 XXX XXX
All Al Usage for Education 4,741 0.003 20.822 0.000
Al12 Economic condition 1.052 0.381 1.549 0.189

The results of the survey indicated that three factors—
study level (F = 2.419, p < 0.049), secondary school score (F
= 6.465, p < 0.0001), and Al usage for education (F = 4.741,
p < 0.003)—had a significant effect on A8, as shown in Table
2. Similarly, the results of the survey indicated that four
variables—sex (F = 4.662, p < 0.032), study level (F = 2.395,
p < 0.050), specialization close to computer (F = 2.638, p <
0.035), and Al usage for education (F = 20.822, p < 0.000)—

https://doi.org/10.20428/jst.v30i5.2895

had a significant effect on A10. Notably, gender, a key social
variable in Yemeni conservative society, represents a
significant barrier to students' Al usage (F = 4.662, p < 0.032),
which agrees with a recent study confirming the effect of
gender on female students’ effective communication with new
technologies and computer-based models [13]. This
significant analysis will be validated in the coming
subsections.
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Table 3. Correlation coefficient (f) values based on linear Pearson’s model. n = 277 engineering students, data was
collected in February 2025.

Code Variable Al A2 A3 A4 A5 A6 A7 A8 A9 Al10 All Al2
Sex (Male 1,
Al Female 2) 1 -0.002 0.26 -0.12 -0.092 -0.07 0.127 0.076 0.376 0.086 -0.086 -0.30
A2 | Marital Status 1 0.062 0.092 | -.075 -0.029 -0.04 0.035 -0.164 0.072 -0.017 0.164
Specialization
A3 | close to 1 -0.019 -0.157 -0.011 0.091 0.084 0.146 0.118 0.002 0.041
computer
A4 | Study level 1 -0.159 0.049 0.147 -0.021 0.016 0.136 0.026 0.233
Having
A5 computer 1 0.155 -0.077 0.008 -0.109 -0.114 0.029 -0.025
Ap | Having smart 1 -0.047 | 0101 | -0.052 -0.03 | -0.079 0.176
phone
Secondary
A7 school score 1 0.288 0.184 0.115 0.057 -0.145
University
A8 Overall Grade 1 0.000 0.185 0.213 0.014
A9 Living stability 1 0.060 -0.031 -0.252
Al Usage, in
Al0 general 1 0.447 0.153
Al Usage for
All Education 1 0.043
Economic
Al2 condition 1
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Table 3 demonstrates crucial findings of the correlation
between research variables. The interaction coefficient results
reveal a strong correlation between the frequent use of Al
tools and students' overall university grades. Specifically,
students who regularly use GenAl tools, both in general (f =
0.185) and for educational purposes (f = 0.213), achieved
higher overall grades compared to their peers, which aligns
well with the first hypothesis. Although the correlation
factors have positive values (f = 0.185 and f = 0.213), their
values are close to zero, indicating that the role of GenAl for
enhancing education is still facing diverse barriers and
requires continuous investigation in the future. Moreover,
students who frequently utilize GenAl tools tend to leverage
them positively to enhance their educational performance (f
= 0.447). These findings are particularly encouraging for the
educational landscape in Yemen, despite the country’s
limited technological infrastructure and internet accessibility.
The living stability of engineering students exhibited a
neutral impact on both their frequency of GenAl usage (f =
0.06) and their overall academic performance (f = 0.000), as
shown in Table 3. In contrast, the economic condition
variable behaves in another way, it showed a minimal effect
on the university overall grades (f = 0.014) but had a more
pronounced influence on students’ access ability to GenAl
tools (f = 0.153), indicating that economic condition is
crucial for students boosting their accessibility to GenAl
models. These findings hold particular significance for
policymakers and educators in Yemen and any similar
settings, especially given Yemen's ongoing political and
economic challenges.

Despite facing financial hardships, engineering students have
demonstrated resilience, refusing to let their difficult
economic circumstances hinder their academic pursuits [11].
In other words, these students have not succumbed to the
pressures of their financial constraints or family situations,
and they continue to strive for academic excellence [15].

B. Al-Tayar, M. A. Noman, M. A. Amrani
Volume 30, Issue (5), 2025

Consequently, the challenging financial conditions faced by
students in Yemen have moderately hindered students from
engaging with technology and Al tools to enhance their
education and expand their knowledge.

Students’ social variables, such as gender and marital status,
exhibit only slight influences on their usage of GenAl tools
and their overall university grades. The results indicate that
female students use GenAl tools more frequently than male
students (f = 0.086), though they are less likely to use these
tools specifically for educational purposes (f =-0.086). These
findings slightly deviate from the fourth hypothesis of this
study, plausibly due to the conservative nature of society in
Yemen. Similarly, married students show slightly higher
usage of GenAl tools compared to unmarried students, as well
as marginally better overall university grades.

Engineering students from computer-related specializations
interact with GenAl tools more frequently than those from
other engineering disciplines (f = 0.118); this result matches
the second hypothesis of this research. That is because
students from computer-related disciplines deal with Al
advancements as a vital part of their core specializations.
Additionally, senior students demonstrated greater
engagement with GenAl tools compared to freshmen (f =
0.136), which supports the third hypothesis of this study.
Students from the first and second study levels are focusing
on fundamental and applied sciences courses at this stage of
the engineering curriculum.

Finally, the ownership of personal computers or smartphones
among engineering students has only a minor impact on their
engagement with GenAl tools, matching well with the sixth
hypothesis. This is likely due to the widespread availability
of fast internet connections through personal phones, which
supports all students with almost equal opportunities to
internet access.

Table 4. Students’ opinions about their skills in dealing with GenAl tools and skills’ development. Sample size n =277
engineering students.

Code Statement Range Mean (1) S.D. Variance
Bl 1 use several Al tools to help me for studying 1-5 4.25 0.764 0.584
B2 | can select suitable Al tools for my education purposes 1-5 411 0.824 0.679
B3 | can deal with technical and design Al tools during their use. 1-5 3.84 0.988 0.977
B4 | can predict the best Al tools for specific use. 1-5 3.74 0.919 0.845
B5 | often go for GenAl tools for more knowledge 1-5 4.22 0.940 0.885
B6 I can evaluate the quality of Al tools used for education purposes 1-5 3.73 1.091 1.191
C1  GenAl tools constantly help students with cooperative education 1-5 3.61 1.210 1.464
c2 GenAI_ tools improve students’ self-education and continuous 1.5 4.06 0.954 0.910

education
C3  The use of Al tools helps students perform their duties in time 1-5 4.29 0.819 0.671
C4  The use of Al tools increases students’ motivation to learn. 1-5 3.77 1.109 1.229
cs  Theuse of Al tools allows students with diverse teaching 1.5 397 0.918 0.843
approaches.
C6  The use of Al tools enhances students’ thinking skills 1-5 3.51 1.218 1.483

Table 4 presents the statistical analysis of the questionnaire
responses, including the mean, standard deviation, and
variance for each statement. It reflects students' perspectives
on their awareness and understanding of the benefits

https://doi.org/10.20428/jst.v30i5.2895

associated with the frequent use of GenAl tools for
educational purposes. Overall, most students expressed
positive attitudes toward Al tools, viewing them as a reliable
and continuous source of information and knowledge. This
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trend is evident from the high mean values () for all
statements listed in Table 4.

Students believe that GenAl tools significantly aid their
studies (4 = 4.25), enhance their general knowledge (1 =
4.22), and provide quick and timely answers (u = 4.29).
However, their self-reported experience and interaction with
GenAl tools received relatively lower scores compared to
other general statements. Specifically, engineering students
feel moderately confident in selecting the appropriate Al tool
for specific tasks (i = 3.74), effectively using technical and
design-oriented Al tools (p = 3.84), and evaluating the quality
of data and information generated by Al tools (u = 3.61).
Notably, students are more familiar with GenAl tools that are
directly related to their educational purposes (i = 4.11).

Students displayed good agreement with several statements,
shedding light on the role of GenAl tools in enhancing their
practical and technical skills. These include fostering
cooperative learning (u = 3.61), promoting self-directed and
continuous learning (U = 3.74), increasing motivation to learn
(u=3.77), and improving critical thinking abilities (u = 3.51).
Additionally, students acknowledged that Al tools have
diversified teaching methods and expanded approaches to
acquiring information (u = 3.97), moving beyond the
conventional face-to-face education model of direct
information reception. Although students’ perspectives
towards these measures are not fully supported, this study
proposes that students’ beliefs in effective usage of GenAl for
enhancing education will grow exponentially shortly.

Table 5. Students’ opinions about the drawbacks and challenges associated with their Al use. Sample size n =277
engineering students.

Mean )
Code Statement Range S.D. Variance
(W)
F1  GenAl tools weaken students' ability to think creatively 1-5 3.69 1.243 1.547
Students don’t have sufficient skills and experience to deal with
F2 1-5 3.49 1.058 1.120
GenAl tools.
GenAl tools increase reliance on technology and dismiss practical
F3 . 1-5 4.00 1.005 1.011
skills.
Technological and financial resources required for accessing Al tools
F4 . 1-5 4.03 1.088 1.184
are weak in Yemen.
F5  Idon’t believe information provided by GenAl tools 1-5 3.40 1.063 1.130
Ee  GenAl tools boost motivation for scientific research 1-5 3.96 0.896 0.803
F7  GenAl tools help conduct scientific research at time. 1-5 4.08 0.901 0.813

There is growing concern among education policymakers that
excessive reliance on Al tools by university students may
undermine their self-reflection skills and make it increasingly
challenging to differentiate between students’ true
intelligence levels. Table 5 highlights engineering students'
perspectives on the drawbacks and challenges associated with
the frequent use of GenAl tools for educational purposes.
Students believe that over-reliance on Al tools as a primary
source of information, without putting in sufficient effort,
diminishes their creative thinking abilities and negatively
impacts their reading skills (u = 3.69). Additionally, students
strongly agree that GenAl tools increase dependency on
technology and reduce the development of practical skills (i
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= 4.00). They also expressed skepticism about the accuracy
and reliability of information provided by these tools (4 =
3.40). Finally, students highlighted the challenges of
accessing Al tools in the Yemeni context, citing limited
technological and financial resources (i = 4.03) and a lack of
training on how to effectively select and interact with the
most suitable Al tool for specific tasks (u = 3.49). These
concerns, clearly expressed by engineering students, should
be taken seriously by policymakers of HEIs, ensuring that
access to GenAl tools is not unfettered. This sensitive topic
requires in-depth studies that examine these growing
concerns and propose recommendations to control them.
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Students also provided valuable insights into the role of
GenAl tools in scientific research. Students believe that these
tools are not only essential for improving their projects and
homework reports but also enhance their motivation to
conduct high-quality scientific research (1 = 3.96) in a quick
and timely manner (i1 = 4.08). However, the use of Al tools
in scientific research remains a controversial topic, with
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conflicting studies on how they can be effectively integrated
without undermining the researcher's role [34]. In other
words, GenAl tools should complement, not replace, human
effort. Another concern is the potential for Al tools to
generate virtual or fabricated data, which could compromise
the quality and reliability of scientific research and undermine
HEIs’ reputation.

Table 6. Students’ opinions about the influence of GenAl tools on University Education in general. The sample size was
277respondents from engineering students in Yemen.

mean .
Code Statement Range S.D. Variance
(W)
G1  GenAl tools enhance students’ education attainment 1-5 3.80 0.849 0.721
G2  GenAl tools enhance students’ education skills 1-5 3.34 0.982 0.964
Students who use GenAl tools are intelligent and excel
G3 : 1-5 3.63 1.050 1.103
academically
G4  Using Al tools boosts students’ ability to solve problems. 1-5 3.75 1.074 1.154
G5  Thereis a positive relationship between the use of Al tools and 1-5 3.80 0.969 0.940

students’ academic achievement

Table 6 summarizes students’ thoughts and fears about the
relationship between the reliance on GenAl tools and their
educational attainment. Students expressed support for
adopting Al tools as a supporting learning resource, but with
some reservations. This is evident from the low mean values
in Table 6. Students’ responses to issues such as (1) GenAl
tools boost students’ education skills (1 =3.34), and (2) using
Al tools effectively is an indication of intelligence and
excellent academic performance (u = 3.63). Finally, students
agreed with the research statement: There is a positive
relationship between the use of GenAl tools and students’
academic achievement.

The outcomes of this study align well with almost all studies
in the literature review discussing this unique topic [38-40].
Although the correlation between primary variables varies
from one society to another, the correlation results are
moderately accepted in  Yemeni, considering the
socioeconomic challenges. Indicators from this study infer
that university education in Yemen relatively benefits from
the most advanced Al tools to support technology-based
cognitive learning and reinforce their knowledge.

Overall, the integration of GenAl tools into higher education
in Yemen is a critical, dynamic, and timely topic that requires
further in-depth studies across primary, secondary,
university, graduate, and vocational education. Studies that
entail other student respondents from different states in
Yemen with varied sociocultural norms are needed for a
comprehensive understanding of this sustainable integration.
This study provides positive indicators useful to decision-
makers, educators, and students in HElIs.
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Conclusions and Recommendations

This study surveyed 277 engineering students from Taiz
University in Yemen to explore how the frequent usage of
GenAl models enhances their education. Many
socioeconomic variables peculiar to Yemeni students were
investigated to demonstrate their impact on the relationship
between GenAl tools and educational performance. The
study showed a strong and positive correlation between the
frequent use of GenAl tools and students’ university overall
grades, encouraging their integration into the educational
system in Yemen as a supporting source of learning and
knowledge seeking. Despite the worse socioeconomic
conditions of Yemeni Engineering students, the results of this
study showed their moderate effect on the relationship
between the usage of Al models and students’ university
overall grades. These findings hold particular significance for
policymakers and educators in Yemen and any similar
settings, especially given Yemen's ongoing political and
economic challenges.

The results showed that almost all students use GenAl tools
with varying usage levels. Interesting results showed that
89.17% of engineering students in Yemeni Universities rely
on ChatGPT as a primary Al tool that satisfies their needs.
Other Al models showed less interest, but the DeepSeek
GenAl model has been observed as a strong Al competitor,
despite its being a few weeks old since its launch on 27th
January 2025.

This study recommends that HEIs establish guidelines to
control students’ effective usage of GenAl tools without
breaking research ethics and dismissing their intellectual and
problem-solving capabilities. In terms of the wide variety of
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GenAl tools, students should be trained and upskilled to
identify their features, merits, and drawbacks to get the most
appropriate Al tools for their specific needs.
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Abstract— Financial technology (FinTech) encompasses
a broad range of digital solutions designed to enhance
financial services through automation and accessibility. By
integrating technology into banking, lending, insurance, and
investments, FinTech companies streamline transactions and
improve user experiences. In addition to traditional banking
services, FinTech provides corporate solutions such as
digital payment gateways, point-of-sale (POS) systems, and
automated accounting tools. However, the rapid expansion
of digital payments has also introduced significant security
challenges, including identity theft, fraud, and regulatory
compliance. Cybercriminals exploit vulnerabilities in online
transactions, leading to financial losses and reputational
damage. This study explores security risks in FinTech and
the role of advanced technologies in mitigating these threats.
Artificial Intelligence (Al) and Machine Learning (ML)
enhance fraud detection by analyzing transaction patterns
and automating real-time threat responses. Quantum
cryptography and the Zero-Trust Security Model offer
additional layers of security, ensuring data integrity and
preventing unauthorized access. A four-layer security
assessment model comprising data collection, preprocessing,
presentation, and result analysis was developed to evaluate
security measures. Survey findings indicate significant
demographic insights into FinTech adoption. Strengthening
security protocols and adhering to regulatory standards are
essential for ensuring secure financial transactions and
fostering trust in digital payments.

Keywords— Fintech, Security, Vulnerability, Artificial
Intelligence, Technology, Digital Payment, Threat.

I. INTRODUCTION
The term financial technology, popularly known as FinTech,
is a wide range of software, mobile apps, and other digital
solutions intended to improve, simplify, and automate
financial services for both individuals and enterprises [1]. By
incorporating technology into services that banks, payment
companies, and other financial organizations have
historically provided, it includes a broad range of innovations
that revolutionize the financial sector. FinTech solutions
make banking, lending, insurance, and investing more
accessible, facilitate more effective transactions, and improve
customer experiences. FinTech companies offer corporate
solutions in addition to traditional banking, such as digital
payment gateways, point-of-sale (POS) systems, and
business banking [2]. FinTech also offers automation and
increased efficiency in fields like accounting, taxation, and
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inventory management that were previously unrelated to
financial services. Also, tech firms that create payment
processing, APIs, and interfaces. FinTech also offers
automation and increased efficiency in fields like accounting,
taxation, and inventory management that were previously
unrelated to financial services. Also, the FinTech ecosystem
includes tech firms that create payment processing solutions,
APIs, and interfaces to improve the operations of the financial
sector without having direct contact with end users. Financial
institutions are always faced with security challenges, and to
bridge this gap there is a need for strong security protocols to
aid in shielding people and companies from online dangers,
including identity theft, phishing, and hacking. Secure
authentication techniques and encryption protect private
financial information against breaches and unwanted access
[3]. Users' confidence is increased by secure transactions,
which motivates them to adopt digital payments and online
banking. To protect customer data and stay out of trouble,
financial institutions must abide by security regulations and
standards (such as PCI DSS and GDPR). Security measures
guarantee accuracy and dependability by preventing
unauthorized changes to financial documents. By reducing
the likelihood of fraud, chargebacks, and operational
interruptions, a secure system safeguards both businesses and
customers. Secure systems guarantee seamless and effective
financial operations by preventing delays brought on by
problems with fraud detection.

Il. BACKGROUND AND LITERATURE REVIEW

A. Threat to FinTech and Digital Payment
Fintech and digital payments have revolutionized financial
transactions, yet they face numerous threats. Because hackers
target payment systems, there is a significant risk of
cybersecurity breaches and financial theft. Another concern
is regulatory obstacles, as governments impose strict
compliance standards that could impede innovation [4].
Identity theft and fraud are on the rise, and criminals are
taking advantage of lax authentication procedures.

Technological flaws, including software defects and
infrastructure breakdowns that can halt transactions, pose a
hazard as well. Smaller FinTech startups may be stifled by
market competition and monopolization by larger companies,
which  would reduce industry variety. Furthermore,
consumers who lack financial literacy are more vulnerable to
phishing and scams.

Financial uncertainty is also a result of the sector's
exposure to global economic instability and volatile digital
currency valuations. The future of FinTech and digital
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payments depends on strong security measures, flexible
regulations, and ongoing technical development to reduce
these dangers.

B. Key Components of FinTech and Digital Payments

The FinTech and digital payments ecosystem consists of
three key players: banks, FinTech companies, and
regulators. Banks continue to play a key role in financial
services by offering payment processing, traditional banking
infrastructure, and frameworks for regulatory compliance. By
creating their own digital services or collaborating with
FinTech companies, numerous banks are adjusting to the
digital revolution [5]. They provide regulatory experience,
security, and customer trust, but they frequently lack the
agility of tech-driven startups. FinTech businesses propel
advancements in blockchain technology, financing,
investments, and payments. These businesses, which include
PayPal, Stripe, and Square, use cutting-edge technologies like
blockchain and artificial intelligence to provide smooth
financial services. To make financial services more
accessible, startups in this field frequently place a high
priority on user experience, inexpensive transactions, and
accessibility.

Consumer protection, stability, and compliance are
guaranteed by regulators, such as central banks and financial
authorities [6]. Regulations for digital transactions, data
security, and anti-money laundering (AML) compliance are
established by agencies such as the Financial Conduct
Authority (FCA), the U.S. Securities and Exchange
Commission (SEC), and the Central Bank of Nigeria. While
regulations safeguard consumers, they can also create
challenges for innovation due to complex compliance
requirements.

Collaboration between these players is essential for a
secure, efficient, and inclusive financial ecosystem. Banks,
FinTech firms, and regulators must work together to balance
innovation with security and regulatory oversight.

C. Threat Landscape in FinTech and Digital Payments

As technology evolves, the danger landscape in FinTech and
digital payments keeps changing. With hackers using
ransomware, phishing, and data breaches to target payment
platforms, cybersecurity threats are still a big worry [7]. Users
who have weak authentication mechanisms are more
susceptible to identity theft and fraud. Risks related to
regulations and compliance present additional difficulties.
Governments and financial watchdogs enforce strict
regulations, like data privacy and anti-money laundering
(AML) rules, which can be expensive and difficult for

FinTech companies to comply with [8]. Heavy fines and
harm to one's reputation may result from noncompliance.
Another risk is technological vulnerabilities, including
software bugs, infrastructure failures, and system downtimes
that can disrupt transactions. Over-reliance on cloud
computing and third-party providers increases the risk of
service outages and data leaks.

Financial fraud, such as chargeback fraud and synthetic
identity fraud, is on the rise. Criminals exploit digital
payment systems to launder money and evade detection.
Market risks also affect FinTech, including economic
downturns, fluctuations in cryptocurrency values, and
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competition from tech giants. Furthermore, a lack of user
awareness makes individuals susceptible to scams.

To mitigate these threats, businesses must invest in strong
security measures, Al-driven fraud detection, regulatory
compliance, and consumer education to ensure a safer
financial ecosystem. Below are some of the threats to online
payments.

1. Cyber Threats: Cyber threats in FinTech and digital
payments are a growing concern as cybercriminals
develop more sophisticated attack methods. Phishing
attacks remain one of the most common threats, where
hackers trick users into revealing sensitive
information such as login credentials or payment
details through fake emails and websites. Ransomware
attacks are another major risk, where cybercriminals
encrypt financial data and demand payment for its
release [9]. These attacks can cripple payment
processors, banks, and FinTech platforms, leading to
financial losses and reputational damage.Data
breaches pose a serious threat, exposing customer
information such as credit card details, personal
identification, and transaction history. This stolen data
is often sold on the dark web, leading to identity theft
and financial fraud. Man-in-the-middle (MITM)
attacks occur when hackers intercept and manipulate
transactions between users and payment systems,
allowing them to steal funds or alter transaction
details. Furthermore, malware and trojans infect users'
devices to capture keystrokes and access financial
accounts. As digital payments become more prevalent,
API vulnerabilities in payment gateways and banking
apps can also be exploited. To combat these threats,
FinTech companies must implement multi-factor
authentication, encryption, Al-driven fraud detection,
and continuous security monitoring to safeguard
financial transactions.

2. Fraud and Financial Crimes: Fraud and financial
crimes pose significant risks to FinTech and digital
payment systems, leading to substantial financial
losses and reputational damage. Criminals exploit
vulnerabilities in online transactions, digital wallets,
and banking apps through various fraudulent schemes
[10]. One common type is identity theft, where
fraudsters steal personal information to open accounts,
apply for loans, or conduct unauthorized transactions.
Account takeover fraud (ATO) occurs when
Cybercriminals gain access to a user’s financial
account and manipulate transactions. Synthetic
identity fraud is another rising threat, where criminals
combine real and fake personal details to create
fraudulent identities and obtain credit [11]. Payment
fraud, including chargeback fraud and card-not-
present (CNP) fraud, is widespread in e-commerce
and digital payments. Fraudsters use stolen credit card
details for unauthorized purchases, leading to financial
losses for businesses. Another major financial crime
involves the funneling of illegal funds through digital
transactions to conceal their origins, known as money
laundering. To combat fraud, FinTech companies
must implement Al-driven fraud detection, biometric
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authentication, and  transaction  monitoring.
Regulatory compliance with anti-money laundering
(AML) laws and Know Your Customer (KYC)
policies is also essential to protect users and ensure the
integrity of digital payment ecosystems.

3. Inside Threats: Insider threats pose a significant risk
to FinTech and digital payment systems, as
employees, contractors, or business partners with
access to sensitive financial data can intentionally or
unintentionally compromise security. These threats
are particularly dangerous because insiders often
bypass traditional security measures. One type is
malicious insiders, where employees or partners
intentionally misuse their access to steal funds, leak
confidential data, or manipulate transactions for
personal gain. Unhappy employees may engage in
sabotage, while others may sell user data to
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cybercriminals. Negligent insiders pose another risk,
often due to human error. Employees may fall for
phishing scams, misconfigure security settings, or
mishandle sensitive data, unintentionally exposing
financial systems to breaches. Furthermore, third-
party risks arise when vendors or contractors with
access to payment systems fail to follow security best
practices, making them weak links in cybersecurity.
To mitigate insider threats, companies should
implement role-based access controls (RBAC), multi-
factor authentication (MFA), behavioral monitoring,
and strict data access policies [12]. Regular employee
training and conducting background checks on staff
with privileged access can also help prevent insider-
related fraud and security breaches.

User
Interface
(Web/App)

User —_—

Identity
Provider

- Monitoring

Logging &

System

Access
Granted/
Denied

MFA Enging m——m—— .

Token Generation

Fig. 1. Multi-factor Authentication

Encryption plays a vital role in securing digital transactions
and protecting sensitive financial data from cyber threats. By
implementing strong encryption protocols, FinTech
companies and payment service providers ensure that user
credentials, payment details, and transaction information
remain confidential and protected from unauthorized access.

End-to-end encryption (E2EE) is a widely used security
mechanism that ensures data remains encrypted from the
sender to the receiver, preventing interception by third
parties. This safeguard is particularly crucial in digital
payments, where sensitive information such as credit card
numbers and banking credentials must be protected from
eavesdropping and data breaches. Secure communication
channels, including TLS (Transport Layer Security), further
enhance security by encrypting data in transit.

Tokenization is another critical security method that
replaces sensitive data with randomly generated tokens.
Unlike encryption, where data is transformed into ciphertext
and can be decrypted, tokenization completely replaces the
original information, making it useless to attackers.

https://doi.org/10.20428/jst.v30i5.2880

Cryptographic methods such as hashing, asymmetric
encryption, and digital signatures further enhance security by
ensuring data integrity and verifying transaction authenticity.

By integrating these encryption and cryptographic
techniques, FinTech firms can prevent data breaches, mitigate
fraud, and ensure secure communication across digital
payment systems.

D. Social Engineering and Attacks

Social engineering is not about sophisticated technical
hacking; it manipulates human behavior to breach security
[13]. As technology advances, the complexity of technical
cyberattacks increases, making them harder to execute.
However, social engineering remains highly effective, using
deception to exploit human vulnerabilities and bypassing
even the most advanced security systems. Attackers
leveraging this tactic can infiltrate networks, bypass firewalls,
implant malware, or establish backdoor access. The key to
social engineering lies in exploiting cognitive biases and
human error, rather than technical flaws, to obtain sensitive
information or access. Social engineering is defined as one of
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the simplest ways to gather information about a target by
exploiting human weaknesses present in every organization.
Attackers use this technique to manipulate individuals into
revealing confidential information, which is then used to
compromise the organization's security [14]. This type of
attack makes human vulnerability a critical weak point in
cybersecurity.

While social engineering is often considered low-tech, it is
highly successful because it preys on the psychological flaws
of individuals. Security technologies may strengthen system
defenses, but human factors remain the most exploitable link.
In essence, attackers use social engineering to circumvent
security measures by deceiving human insiders, making it a
powerful tool in modern cyberattacks.
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Fig. 2. Social Engineering [13]

E. Regulatory Compliance & Standards in FinTech and
Digital Payments
Regulatory compliance is essential for ensuring security,
transparency, and trust in FinTech and digital payment
ecosystems. Governments and financial authorities impose
strict regulations to prevent fraud, money laundering, and
data breaches while ensuring consumer protection [15].
Globally, compliance frameworks such as AML (Anti-
Money Laundering), KYC (Know Your Customer), GDPR
(General Data Protection Regulation), and PCI-DSS
(Payment Card Industry Data Security Standard) set
guidelines for identity verification, data privacy, and secure
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transactions. The Financial Action Task Force (FATF) also
provides international standards for combating financial
crimes.

In Nigeria, regulatory bodies like the Central Bank of
Nigeria (CBN), the Nigeria Financial Intelligence Unit
(NFIU), and the Securities and Exchange Commission (SEC)
oversee FinTech operations. CBN’s Regulatory Framework
for Open Banking promotes data security, while its
AMLJ/CFT (Anti-Money Laundering and Counter Financing
of Terrorism) guidelines help combat financial fraud. The
National Information Technology Development Agency
(NITDA) enforces data protection laws similar to GDPR.
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FinTech firms must comply with these regulations by
implementing strong identity verification measures, secure
transaction protocols, and regular compliance audits [16].
Adherence to these standards not only ensures legal
operations but also enhances user trust and financial system
stability in Nigeria and beyond.

F. Digital Currency

Digital Currency is a new concept popularized with the rapid
rise of the Internet. CBDC (Central Bank Digital Currency)
define Digital Currency as a form of a country’s fiat currency.
Instead of printing paper currency or minting coins, the
central bank issues electronic tokens. Digital currency can
also be referred to as virtual currency, a currency used in a
virtual world that can indirectly hold value in real life [17].
Meanwhile, the introduction of digital currency produces
various associated challenges in regulation, tracking of
funding and taxing, purchasing by individuals, etc.

Typical example of digital currency is Crypto currency.
By definition, Crypto currency is the name given to a system
that uses cryptography to allow the secure transfer and
exchange of digital tokens in a distributed and decentralized
manner [18]. According to Ametrano, (2014), it is a currency
that can be transferred instantly between any two parties,
using the Internet infrastructure and cryptographic security
with no need for a trusted third party. Its value is not backed
by any single government or organization. Crypto currency
uses distributed ledger, or blockchain, technology to enable a
secure transaction [19].

It is a peer-to-peer system that can enable anyone
anywhere to send and receive payments. Instead of carrying
physical money around and exchanged in the real world,
crypto currency payments exist purely as digital entries to an
online database describing specific transactions. When you
transfer crypto currency funds, the transactions are recorded
in a public ledger [20]. From the definitions above, crypto
currency can simply be described as a digital currency that
uses cryptography for secure financial transactions, it
operates a decentralized, secured system without a central
authority, such as a government or bank.

The main idea behind crypto currencies is to provide a fast
way to transfer funds globally, with minimal transaction costs
and a certain amount of privacy in which the sender and
receiver are always anonymous while being independent of a
third party to handle the transactions. Transactions made with
Bitcoin is irreversible; this way, the recipient of the funds is
sure they own them for good. Therefore, less trust is needed
to ensure the other party is reliable.

G. FinTech and Digital Payments

FinTech and digital payments in Nigeria have transformed
nearly all aspects of financial transactions through mobile
wallets, digital banks, and cryptocurrency platforms. Here is
a brief overview of some of these technologies.

1. Opay: Founded in 2018, OPay is a leading fintech
platform in Nigeria, offering mobile payments,
money transfers, bill payments, and loans. Its app
provides a seamless way for users to send money,
pay for utilities, and shop online. OPay also supports
businesses with merchant payment solutions,

- https://doi.org/10.20428/jst.v30i5.2880

H. Faotu, Esite T. J., B. T. Ebikeme
Volume 30, Issue (5), 2025

helping to streamline transactions. With a growing
user base, it plays a significant role in promoting
cashless payments and financial inclusion across
Nigeria. Also, OPay has expanded its services to
include savings by introducing Owallet.

fintech: The fintech, introduced by the Central Bank
of Nigeria (CBN) in 2021, is a blockchain-based
digital currency designed to complement the
physical Naira. It is centrally controlled, backed by
the Naira (1:1), and requires an fintech wallet for
transactions. The currency enables instant, low-cost
transactions across mobile devices, web browsers,
and POS terminals. fintech aims to enhance financial
inclusion, reduce cash management costs, boost tax
revenue collection, and support economic growth
through a secure, efficient digital payment system.
Unlike cryptocurrencies, which are decentralized
and volatile, fintech is stable and regulated by the
CBN.Despite banning cryptocurrency transactions
in 2021 due to concerns about financial fraud, the
CBN acknowledges that crypto and fintech can
coexist—fintech for everyday transactions and
crypto for cross-border payments and remittances.
The fintech wallet functions like a bank account but
operates separately, providing Nigerians with a safe,
digital alternative for financial transactions.

Growth in
cross-border

Empowerment
and poverty
reduction

Financial
Inclusion

Improved
Monetary &
frade Financial
Stability
Policies

Objectives

Improved
FX position

Fig. 3. Objectives of the fintech

Flutterwave: Flutterwave, founded in 2016 by a
team of Nigerian entrepreneurs and technologists, is
a financial technology company that provides digital
payment infrastructure for businesses and
individuals across Africa. The company was
established to address the fragmented and often
unreliable payment systems on the continent and to
make financial transactions simpler, faster, and more
secure. Since its inception, Flutterwave has become
one of Africa’s leading payment service providers.
The platform enables merchants to accept payments
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in over 150 currencies through various channels,
such as debit and credit cards, bank transfers, mobile
money, and USSD. This wide range of payment
options helps businesses reach more customers, both
locally and globally. Flutterwave supports seamless
integration with international payment systems,
which simplifies cross-border transactions and
opens up African markets to global trade. According
to [21], platforms like Flutterwave have played a
significant role in improving financial accessibility
and infrastructure in emerging markets. In addition
to core payment processing, Flutterwave offers
tailored products for different user needs. One such
service is Barter, a digital wallet that allows
individuals to send and receive money, create virtual
dollar cards, and pay for services such as
subscriptions and online shopping. Another product,
Flutterwave Store, helps small and medium-sized
businesses create online storefronts without the need
for coding or extensive technical knowledge. This
feature became particularly popular during the
COVID-19 pandemic when many physical
businesses shifted to online platforms. Flutterwave
also provides a robust and developer-friendly API
that enables software developers to embed secure
and reliable payment solutions directly into web and
mobile applications. This flexibility makes it easy
for businesses of all sizes to integrate financial
services without building them from scratch. By
offering these services, Flutterwave contributes to
increasing financial inclusion in Africa, where many
people and businesses remain underserved by
traditional banking systems. The platform reduces
the barriers to entry for entrepreneurs and small
businesses, enabling them to participate more
actively in the digital economy. Furthermore, by
facilitating easier access to global payment
networks, Flutterwave helps African businesses
scale beyond local markets.

Apple Pay: Apple Pay is a mobile payment and
digital wallet service developed by Apple. Launched
in 2014, it enables users to make secure, contactless
payments using iPhones, iPads, Apple Watches, and
Macs. It works with NFC technology, allowing
payments at retail stores, apps, and websites. Apple
Pay integrates with bank cards and supports
tokenization, ensuring secure transactions without
sharing card details. It is widely accepted globally
and offers features like peer-to-peer payments via
Apple Cash. With built-in encryption and Face ID or
Touch ID authentication, Apple Pay provides a fast,
secure, and convenient way to make digital
payments worldwide.

Stablecoins:Stablecoins are a type of cryptocurrency
designed to maintain a stable value by pegging their
price to a reserve asset like fiat currency,
commodities, or a basket of assets. Unlike
traditional cryptocurrencies, which are highly
volatile, stablecoins offer price stability, making
them useful for payments, remittances, and store of
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value. There are three main types of stablecoins:
Fiat-backed (e.g., USDT, USDC), Crypto-backed
(e.g., DAI), and Algorithmic stablecoins, which use
smart contracts to regulate supply. Stablecoins play
a crucial role in decentralized finance (DeFi) by
enabling seamless trading, lending, and cross-border
transactions while reducing exposure to market
fluctuations.

6. Chipper Cash: Chipper Cash is a fintech company
that facilitates cross-border payments and
remittances across Africa. Founded in 2018, it
enables individuals and businesses to send and
receive money instantly across multiple countries
with low fees. The platform supports mobile wallets,
bank transfers, and card payments, making digital
transactions more accessible. Chipper Cash also
offers virtual cards for online payments,
cryptocurrency trading, and business payment
solutions. It provides a fast, secure, and cost-
effective alternative to traditional banking,
promoting financial inclusion across the continent.
With millions of users, the platform is transforming
the way Africans handle money, making seamless
cross-border transactions a reality for individuals
and businesses alike.

H. Vulnerabilities in FinTech and Digital Payment Systems
FinTech and digital payment systems face multiple security
challenges. Weak authentication mechanisms make accounts
susceptible to unauthorized access. Poorly secured API
integrations expose sensitive financial data to cyber threats.
Data breaches and leakage risks remain significant concerns,
potentially leading to financial losses and identity theft [22].
Regulatory compliance gaps create loopholes that
cybercriminals can exploit, especially when financial
institutions fail to meet evolving security standards. Insider
threats pose another risk, as employees with access to
sensitive information may misuse it for personal gain or
inadvertently compromise security. To mitigate these risks,
strong authentication protocols, robust APl security
measures, and stringent regulatory adherence are essential
[23]. Financial institutions must also implement continuous
monitoring and employee training to detect and prevent
insider threats. Strengthening cybersecurity frameworks in
FinTech and digital payment systems is crucial to ensuring
data integrity, user trust, and the long-term stability of
financial transactions.

I.  Security Technologies and Best Practices

1. Authentication & Authorization: Implementing
Multi-Factor ~ Authentication (MFA) enhances
security by requiring multiple verification factors.
Biometric security, such as fingerprint or facial
recognition, provides an additional layer of
protection [3]. Passwordless authentication, using
cryptographic keys or biometric data, reduces
reliance on traditional passwords, minimizing
phishing risks.

2. Data Protection: End-to-end encryption (E2EE)
ensures data remains protected during transmission,
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preventing unauthorized interception. Tokenization
replaces sensitive data with unique tokens, reducing
exposure to breaches. Secure cloud storage,
combined with database encryption, safeguards
information against unauthorized access. Enforcing
strong access controls and real-time monitoring
further enhances security. By integrating these
technologies and best practices, organizations can
strengthen cybersecurity defenses, mitigate risks,
and protect user data from evolving threats.
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Fraud Prevention: One key factor of cybersecurity
is fraud prevention, especially in industries like
banking, e-commerce, and finance where fraudulent
activity can result in large financial losses as well as
harm to an organization's reputation [24]. By
spotting patterns and irregularities that point to
questionable activity, artificial intelligence (Al) and
machine learning (ML) have emerged as crucial
instruments in the fight against fraud in recent years.
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Fig. 4. Fraud Detection Model [24]

J. Future Trends and Innovations in FinTech Security

The financial technology sector is rapidly evolving,
integrating advanced security measures to combat cyber
threats. Adrtificial Intelligence (Al) and Machine Learning
(ML) play a crucial role in detecting fraudulent activities,
analyzing transaction patterns, and automating threat
responses in real-time [25].

Quantum cryptography is emerging as a next-generation
security solution, offering ultra-secure encryption for
financial transactions, making it nearly impossible for
cybercriminals to decrypt sensitive data. The Zero-Trust
Security Model is transforming digital banking by enforcing
strict identity verification at every access point, reducing the
risk of unauthorized access and insider threats [26].

Decentralized identity verification leverages blockchain
technology to give users control over their digital identities,
minimizing data breaches and identity theft. As cyber threats
evolve, these innovations will redefine FinTech security,
ensuring safer financial transactions, stronger authentication,
and enhanced data protection across digital payment
platforms.

K. Some Security bridges in FinTech and Digital Payments
1. Flutterwave Security Breaches: Flutterwave, one of
Nigeria's leading fintech companies, has suffered
multiple security breaches, raising concerns about
its cybersecurity framework. In February 2023, the
company reported an unauthorized transfer of ¥2.9

https://doi.org/10.20428/jst.v30i5.2880

billion from its accounts. Hackers exploited
vulnerabilities in Flutterwave's system, moving
funds into various bank accounts. The incident
triggered an investigation, leading to the freezing of
several accounts suspected to have received the
stolen funds. In April 2024, Flutterwave
experienced an even larger breach. This time, ¥11
billion was illicitly transferred across multiple
accounts. The attackers strategically moved the
money in small amounts, making it harder for fraud
detection systems to flag the transactions
immediately. Reports suggest that the breach may
have involved insider collaboration or sophisticated
hacking techniques that bypassed Flutterwave’s
security protocols. Following these breaches,
concerns about weak internal controls, fraud
monitoring gaps, and regulatory compliance have
grown. Critics argue that the repeated attacks
indicate systemic security flaws that could expose
customer funds to future risks. Regulators and
financial institutions have urged Flutterwave to
enhance its cybersecurity measures, while
customers remain wary of potential vulnerabilities
in Nigeria’s rapidly expanding fintech ecosystem.

Hope Payment Service Bank Incident: In October
2024, Hope Payment Service Bank, a digital-first
financial institution in Nigeria, suffered a massive
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security breach, resulting in the unauthorized
transfer of ¥10 billion. Cybercriminals orchestrated
a sophisticated attack, exploiting vulnerabilities in
the bank’s system to siphon funds into multiple
accounts. The scale of the fraud quickly drew the
attention of financial regulators and law enforcement
agencies. Following an investigation, the Federal
High Court ordered the freezing of 818 accounts
suspected of receiving and distributing the stolen
funds. The move aimed to prevent further
withdrawals and trace the masterminds behind the
cyber heist. While details of the attack remain
unclear, cybersecurity analysts suspect that the
breach involved a mix of social engineering, insider

threats, and weaknesses in transaction monitoring
systems. The incident has intensified discussions
around Nigeria’s fintech security landscape,
emphasizing the need for stricter regulatory
oversight, stronger fraud detection mechanisms, and
enhanced cybersecurity frameworks to prevent
future breaches.

I1l. METHODOLOGY
The architecture of the proposed security assessment model
is in four layers. They are Data Collection layer, Data
Preprocessing Layer, Data Presentation and Result layer. The
layers are further explained below:

Data Acquisition

Data Processing

Data Presentation

Result

Fig. 5. Architectural Model

Data Collection: Data Collection is the data gathered from
survey respondents and Google sources.

Data Preprocessing: This step involves preparing the
collected data for analysis using the assessment model. Once
the data is collected, it undergoes pre-processing through a
data normalization module. This process handles data that
may include large values, small values, and different data
types.

Data Presentation: In this step, the analyzed data is
presented in a tabular format to facilitate decision-making.
Result: At this stage, the presented results are utilized by the
security model to make informed decisions. The detected
outcomes also contribute to updating the knowledge of the
fintech and digital payment software developers, enabling
them to enhance security measures and be more security-
conscious.

A. Demographic Information
Table 1 shows the Bio-data information of respondents, Sex
of Respondent.

Table 1: Bio-data information based on Gender Respondent

Variable Respondents Percentage (%)
Male 65 81.25
Female 20 18.75
Total 85 100

The information shows that 65 of the respondents

representing 81.25% were male, while 20 respondents
representing 18.75%, were female. This implies that males
are more in number than females. Table 2 depicts the marital
status of respondents. The table indicated that 25 respondents
representing 29.41% are married, 50 respondents
representing 58.82% are Single, while 10 respondents
representing 11.77% are divorced. This indicated that those
that are Single are more in number.

Table 2: Marital Status of Respondent
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Variable Respondents Percentage (%)
Married 25 29.41

Single 50 58.82

Divorced 10 11.77

Total 85 100

Table 3 show that 27 respondents representing 31.73% are
between the ages of 15-24 years, 25 respondents representing
29.41% are between the ages of 25-34 years, 20 respondents
representing 23.52% are between the ages of 35-44 years
while 13 respondents representing 15.29% are ages of 45 and
above years.

Table 3: Age Range of Respondents

Variable Respondents Percentage (%)
15-24years 27 31.73
25-34years 25 29.41

35-44 20 23.52

45 and Above 13 15.29

Total 85 100

Table 4 represent information on educational qualification of
respondents.

Table 4: Educational Qualification of Respondents

Variable Respondents  Percentage (%)
FLSC 13 15.29
WAEC/GCE 17 20

HND/BSc 25 29.42

Master Degree 20 23.53

Others 10 11.76

Total 85 100

The table shows that 13 respondents representing 15.29% are
FLSC Holders , 17 respondents representing 20% are
WACE/GCE Holders , 25 respondents representing 29.42%
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are HND/BSc Holders,20 respondents representing 23.53%
are Master’s Degree Holders,10 respondents representing
11.76% are other Degree Holders . This shows that those
with HND/BSc. Holders have the highest percentage of
respondents in the labour market.

Table 5: Religion of Respondent

Variable Respondents Percentage (%)
Christian 46 54.1
Moslem 25 29.4
Pagan 14 16.5
Total 85 100

The above table 5 shows that 46 respondents representing
54.1% are Christian, 25 respondents representing 29.4% are
Moslem, 14 respondents representing 16.5% are Pagan. This
indicated that Christians are more in the target audience.

B. Analysis of Responses to the Research Questions
Table 6 (question 1): Is fraud prevention lectures given in
the school and market places?

Variable Respondents Percentage (%)
Yes 68 80

No 15 17.65

I don’t know 2 2.3

Total 85 100

The above table 6 show that 68 respondents representing 80%
say Yes Fraud Prevention lectures is given in the school 15
respondents representing 17.65% says No, 2 respondents
representing 2.3% says I don’t know. This indicated that
fraud prevention often lecture fraud prevention lectures in the
school.

Table 7 (questions 2): Can you make payment with fintech

Application?
Variable Respondents Percentage (%)
Yes 53 66.25
No 13 12.5
I don’t know 19 21.25
Total 85 100

The above table 7 show that 53 respondents representing
66.25% say yes they can make payment with fintech app, 13
respondents representing 12.5% says No, while 19
respondents representing 21.25% say I don’t know. This
indicated that market women, professionals and student can
make payment with fintech Application.

Table 8. (Question 3): Is the level of fraud prevention in the
application up to 50%?

Variable Respondents Percentage (%)
Yes 70 82.45

No 9 10.58

I don’t know 6 7.06

Total 85 100

The above table 8 show that 70 respondents representing
82.45% say yes that the level of safety compliance for fraud
prevention are up to 50%, 9 respondents representing 10.58%
say No while 6 respondents representing 7.06% say I don’t
Know that the level of fraud prevention 50%, .This indicated
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that the level of fraud prevention in the fintech application is
up to 50%.

Table 9 (question 4): Are there any OTP mechanism to
prevent fraud activities?

Variable Respondents Percentage (%)
Yes 62 72.94

No 15 17.65

I don’t know 8 9.41

Total 85 100

The above table 9 show that 62 respondents representing
72.94% say yes there is OTP security mechanism while
registration is ongoing in the fintech application, 15
respondents representing 17.65% say No there are OTP
security mechanism while registration is ongoing in the
fintech application, 8 respondents representing 9.41% say |
don’t know if there OTP security mechanism while
registration is ongoing in the fintech application. This
indicate that there are OTP security mechanism while
registration is ongoing in the fintech application.

Table 10 (question 5): Are there trained ethical hackers
working and updating the fintech and digital application?

Variable Respondents Percentage (%)
Yes 58 68.24

No 15 17.65

| don’t know 12 14.11

Total 85 100

The above table 10 shows that 58 respondents representing
68.24% say yes there are trained ethical hackers, 15
respondents representing 17.65% say No there are no trained
ethical hackers, 12 respondents representing 14.11% say |
don’t know if there are trained ethical hackers. This indicated
that there are trained ethical hackers working for the federal
government to prevent hackers intrude the fintech
application.

Table 11 (Question 6): How would you rate the fraud
preventive measures in the fintech application, is it high or

low?
Variable Respondents Percentage (%)
Yes 66 77.7
No 15 175
I don’t know 4 4.8
Total 85 100

The above table 11 shows that 66 respondents representing
77.7% say yes the fraud preventive measures in the fintech
application is high 15 respondents representing 17.5% say No
the fraud preventive measures in the fintech application is not
high but low, 4 respondents representing 4.8% says I don’t
know How would you rate the fraud preventive measures in
the fintech application is it high or low. This indicated that
the fraud preventive measures in the fintech application is
high.
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Table 12 (Question 7): Are there frequent update on the app
on playstore and app store?

Variable Respondents Percentage (%)
Yes 44 52

No 16 18.9

I don’t know 25 294

Total 85 100

The above table 12 shows that 44 respondents representing
52% say yes. There are frequent upgrade and update on the
fintech app on cross-platforms, 16 respondents representing
18.9% say No there are no update on the fintech application
while 25 respondents representing 29.4% says I don’t know
if there are frequent upgrade and update on the application.
This indicated there is frequent upgrade and update on the
application.

Table 13 (Question 8): Have there ever being technical
glitch in the fintech application?

Variable Respondents Percentage (%)
Yes 16 18

No 50 59

I don’tknow 19 23

Total 85 100

The above table 14 show that 16 respondents representing
18% say yes no signs is visibly displayed in the app when a
third party login, 50 respondents representing 59% says No,
no visibly displayed sign when a third party login while 19
respondents representing 23% says I don’t know if signs are
visibly displayed when third party login. This indicated that
signs are not visibly displayed in the app when third party
login.

Table 15 (question 10): Do fintech app allow facial
recognition in the authentication process?

Variable Respondents Percentage (%) Variable Respondents Percentage (%)
Yes 10 12 Yes 9 10.5

No 68 80 No 70 82.4

I don’t know 7 8 I don’t know 6 7.1

Total 85 100 Total 85 100

The above table 13 show that 10 respondents representing
12% say yes there are technical glitch in the fintech app, 68
respondents representing 80%, say No there have never being
while 7 respondents representing 8% says I don’t know if
there are technical glitch. This indicated that the level
technical problems influence the usage of the app.

Table 14 (Question 9): Are no signs visibly displayed in the
app when a third party tried to login?

The table 15 above show that 70 respondents representing
82.4% say no there is facial recognition when login in
process, 9 respondents representing 10.5%, say yes there are
no facial recognition when registration in progress While 6
respondents represent 7.1% says I don’t Know if there is
facial recognition in the fintech application. This indicated
that there is no facial recognition mechanism or technique
when login or registration in progress.

Table 16: Result Model Table

Sample Level of OPT Frequent Technical Level of Fraud
Variable Education Mechanism Update Glitch Prevention
Yes Yes Yes
No No
High High High
Low

The Result Model table reveals the collated and analyzed data
of correspondents, highlighting the Fraud Risk Assessment
Model used in the fintech application. The analysis of the
Result Model indicates a high level of education among the
surveyed individuals. Additionally, the fintech application
incorporates the OPT mechanism and receives regular
updates on both Playstore and Appstore. It is noteworthy that
technical glitches are infrequent, and the application
implements robust fraud prevention measures.

In order to obtain the expected frequency we divided the total
frequencies for each response by the number of rows.

Grand Total =85

Number of Rows = 3
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85
Expected Frequency (fe) ?: 28.33

fe =28.33

Chi-square formula;

(fo — fe)2/ fe = chi-square
fo Observed Frequency

fe Expected Frequency
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Table 17: The calculation of the chi-square is shown in the
table below

Variable Fo Fe Fo-fe (fo-fe)> (Fo-
fe)?/fe

Yes 68 28.33 39.67 1573.7 55.55

No 15 28.33 -1333 177.69 6.27

I don’t 2 28.33 -26.33 693.27 24.47

know

Total 85 86.29

Critical value 5.991

Cal. value 86.29

The computed value of the X2 is (86.29). To find the critical
value of X2, we used 5% (0.05) as our level of significance.
The degree of freedom is calculated by dfr — 1

Where;

df = Degree of Freedom

r = Number of Rows

¢ = Number of column

Where

df =(3-1) (2-1) (9)(1)

()

Df=2

Using the chi-square table to calculate the critical value, we
look for two (2) under the df column and 0.05 along the level
of significance. From the X2 table, our critical value is 5.991.

Decision

Since the calculated value (86.29) is greater than the critical
value (5.991), we therefore reject the alternative hypothesis
and accept the null hypothesis (HO) There may be fraud
prevention lectures given in the school. IT professionals,
students, and market women can make use of fintech
application for payment and reception of cash. The above
hypothesis was tested with data contains in table 4.7(question
7). In order to obtain the expected frequency we divided the
total frequencies for each response by the number of rows.
Grand Total 85

Number of Rows = 3

85
Expected Frequency (fe) ?: 28.33

fe =28.33

Chi-square formula;

(fo fe)2

Fe

X2 = chi-square fo = Observed Frequency fe = Expected
Frequency

The calculation of the chi-square is shown in the table below:
Critical Value 5.991

Cal Value = 32.84

The computed value of the X2 is (32.84). To find the critical
value of X2, we used 5% (0.05) as our level of significance.
The degree of freedom is calculated by

Dfr-1

Where;

= Degree of Freedom
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= Number of Rows Number of column Where

df = (3-1) (2-1) (2)(1)

(2)

Df=2

Using the chi-square table to calculate the critical value, we
look for two (2) under the df column and 0.05 along the level
of significance. From the X2 table, our critical value is 5.991.

Table 18: The calculation of the chi-square

Variable Fo Fe Fo-fe  (fo-fe)> (Fo-
fe)?/fe

Yes 53 28.33 2467 608.61 21.48

No 13 28.33 -15.33 235.01 8.3

| don’t 19 2833 -9.33 87.05 3.07

know

Total 85 32.84

Decision

Since the calculated value (32.84) is greater than the critical
value (5.991), we therefore reject the alternative hypothesis
and accept the null hypothesis (HO2) which states that
professionals, market women and student can operate the
fintech application.

Can fraud preventive training test the level of fraud risk
assessment in the fintech app. In order to obtain the
expected frequency we divided the total frequencies for each
response by the number of rows.

Grand Total 85

Number of Rows = 3

85
Expected Frequency (fe) ?: 28.33

fe =28.33

Chi-square formula;

(fo - fe)2

fe

X2 chi-square

fo Observed Frequency fe = Expected Frequency

The calculation of the chi-square is shown in the table below:
The computed value of the X2 is (30.58). To find the critical
value of X2, we used 5% (0.05) as our level of significance.
The degree of freedom is calculated by

df =r -1 Where;

df = Degree of Freedom r Number of Rows c=Number of
column Where df = (3-1)(2-1)

1)

()

Df=2

Using the chi-square table to calculate the critical value, we
look for two (2) under the df column and 0.05 along the level
of significance. From the X2 table, our critical value is 5.991.
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Table 19: The calculation of the chi-square

Variable Fo Fe Fo-fe (fo-fe)> (Fo-
fe)?/fe

Yes 10 28.33 -1833 33599 11.86

No 68 28.33 3967 1573.7 5554

I don’t 7 28.33 -21.33 45497 16.06

know

Total 85 83.46

Decision

Since the calculated value (83.46) is greater than the critical
value (5.99 1), we therefore the reject the alternative
hypothesis and accept the null hypothesis (H03) which stated
that Can fraud preventive training test the level of fraud risk
assessment in the fintech app.

fintech app allows BVN and other personal number
verification before transactions can take place?

The above hypothesis was tested with data contains in table
11(question 11). In order to obtain the expected frequency we
divided the total frequencies for each response by the number
of rows.

Grand Total 85

Number of Rows = 3

85
Expected Frequency (fe) ?: 28.33

fe =28.33

Chi-square formula;

(fo -fe)2

fe

chi- square

fo = Observed Frequency

fe = Expected Frequency

The calculation of the chi-square is shown in the table below:
The computed value of the X2 is (83.46). To find the critical
value of X2, we used 5% (0.05) as our level of significance.
The degree of freedom is calculated by df =r —1

Where;

df Degree of Freedom r = Number of Rows c=Number of
column Where df = (3-I) (2-1) =2

(2) (1)

(2}

Df=2

Using the chi-square table to calculate the critical value, we
look for two (2) under the df column and 0.05 along the level
of significance. From the X2 table, our critical value is
5.991.

Table 20: The calculation of the chi-square

Variable Fo Fe Fo-fe  (fo- (Fo-
fe)? fe)2/fe
Yes 71 28.33 2467 608.61 21.48
No 7 2833 - 23501 83
15.33
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I don’t 7 28.33 -1533 235.01 8.3

know

Total 85 38.08
Decision

Since the calculated value (38.08) is greater than the critical
value (5.991), we therefore reject the alternative hypothesis
and accept the null hypothesis which stated that fintech app
allows BVN and other personal number verification before
transactions can take place

Do fintech app has an end-to-end encryption techniques
The above hypothesis was tested with data contains in table
17(question 17)

Do fintech app has an end-to-end encryption techniques?

In order to obtain the expected frequency we divided the total
frequencies for each response by the number of rows.

Grand Total 85

Number of Rows 3

Expected Frequency (fe) = 83—0 =28.33

fe =28.33

Chi-square formula;

(fo —fe)?

fe

chi-square

fo Observed Frequency

fe Expected Frequency

The calculation of the chi-square is shown in the table below:
The computed value of the X2 is (87.19). To find the critical
value of X2, we used 5% (0.05) as our level of significance.
The degree of freedom is calculated by df =r -1

Where;

df = Degree of Freedom

r = Number of Rows ¢ Number of column

Where

df=(3-) (2-)=2

2 M)

)

Df=2

Using the chi-square table to calculate the critical value, we
look for two (2) under the df column and 0.05 along the level
of significance. From the X?table, our critical value is 5.991.

Table 21: The calculation of the chi-square

Variable Fo Fe Fo-fe (fo-fe)> (Fo-
fe)2/fe

Yes 70 2833 4262 1,736.39 61.29

No 7 28.33 - 235.01 8.3
15.33

I don’t 6 28.33 - 498.63 17.60

know 22.33

Total 85 87.19
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Decision

Since the calculated value (87.19) is greater than the critical
value (5.991), we therefore reject the alternative hypothesis
and accept the null hypothesis (HOs) which states that fintech
app has an end-to-end encryption techniques.

Discussion of Data
Based on the findings revealed from the study, the table 1
showed that 65 of the respondents representing 81.25% were
male while 20 respondents representing 18.75% were female.
This implies that male are more in number than the female in
the selected group of people under study and have the highest
percentage of 81.25% respondents.

The table 2 showed that 25 respondents representing
29.41% are married, 50 respondents representing 58.82%are

H. Faotu, Esite T. J., B. T. Ebikeme
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single, while 10 respondents representing 11.77% are
divorced. This indicated that those that are Single have the
highest percentage of respondents of 58.82% under study in
responding to the questionnaire.

The table 3 show that 27 respondents representing 31.73%
are between the ages of 15-24 years, 25 respondents
representing 29.41% are between the ages of 25-34 years, 20
respondents representing 23.52% are between the ages of 35-
44 years while 13 respondents representing 15.29% are ages
of 45 and above years. This indicated that those between the
ages of 15-24 years are more in number in the survey. The
checklist showed a list of fraud and using the fraud
assessment matrix, fraudulent activities were ranked based on
their likelihood of occurrences and severity.

Table 22: Security Assessment Matrixes

[+ L o o o w Q
Happens +¢+¢+¢+¢+:++ ; % K‘h
o every day in gisissnsiises /
our Bank e / \
+:++¢+¢:+"‘: ﬁ h % LN >U
Happened \
several times
< per year in
- our Bank.
o
o
<
T
=< .
_ Incident has
e . occurred in g
@ our Bank
L
[&]
=
Heard of 2
~ incident in 4
the Bank
Never heard
- of incident in 1 5
the Bank.
§ Humans No Effect Slight trust Minor Major trust Fraud Multiple
2 issue trust issue issue Fatalities
g
s App error No App Slight crash Minor Localized Major Extensive
© crash glitches error error error
Severity 1 2 3 4 5 6
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Table 23: Fraud Rating and Action Priority Key

Fraud level Action priority

Very high fraud

Immediate action to be completed (required urgently)

High fraud

Action to be completed promptly preferably within 3 months

Medium fraud

Action to be completed, preferably within 6 months (strongly recommended)

Low fraud

Actions to be completed within 12 months (recommended)/No action required.

Table 24: Fraud prevention Performance for awareness campaign

Authentication Invasion Risk Severity Likelihood Fraud % Fraud
Rating Rating
1. Facial recognition Not Vulnerable No breach (2) 3 6(M) 20
2. Password Not Vulnerable No breach (2) 4 8(M) 26.7
3. Email Not Vulnerable No breach (2) 3 6(M) 20
4, Loss of smartphone vulnerable Fatality breach (5) 2 10(M) 33.3
5. Leaked password Vulnerable Slight breach(2) 4 8(M) 26.7
6. No OTP Vulnerable Slight effect (2) 3 6(M) 20
7. Improper display of Vulnerable High risk (3) 3 9(M) 30
OTP
8. Frequent Login Vulnerable 2 5 10(H) 33.3
Total % Fraud rating 210 segmentation, and implement identity verification for internal
Average % Fraud rating = 23.3% users to mitigate insider threats.

Fraud rating = Likelihood x severity

% risk rating x 100

RAM=6x5

Those who are vulnerable
Professionals, Students, Market Women
Numbers employed: Professionals = 30
Student = 500

Market Women = 15

Total 590 persons

IV. RECOMMENDATION AND CONCLUSIONS

To reduce unauthorized access, FinTech firms should
implement Multi-Factor Authentication (MFA) using
combinations such as device-based verification, biometrics
(e.g., fingerprint or facial recognition), and passwordless
login options (e.g., magic links or hardware security keys).
Biometric systems should include fallback mechanisms and
anti-spoofing measures to enhance reliability.

For API security, companies should adopt OAuth 2.0 for
secure authorization, enforce TLS encryption for all
communication, and deploy real-time traffic monitoring tools
such as API gateways with anomaly detection. Additionally,
rate limiting and IP whitelisting can help minimize abuse
from automated scripts and unauthorized endpoints.

To protect data at rest and in transit, firms must deploy
End-to-End Encryption (E2EE) for messaging and
transaction data, apply tokenization to sensitive fields (e.g.,
card numbers), and implement AES-256 encryption for
databases. Regular key rotation and access audits should be
mandatory.

Adopting a zero-trust security framework involves verifying
all access requests regardless of location. Companies should
enforce least-privilege access controls, use network
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Al and Machine Learning models should be trained on
large datasets of fraudulent patterns to detect anomalies in
transaction behaviour. These systems should support adaptive
learning to evolve with emerging fraud techniques and
include automated response capabilities (e.g., transaction
blocking, and alerts).

For regulators, concrete actions include mandating

independent security audits, requiring compliance with global
standards such as ISO/IEC 27001, PCI-DSS, and GDPR, and
encouraging the use of regulatory sandboxes to test new
security technologies. Regulators should also establish
incident reporting frameworks and enforce timely disclosure
of breaches to affected stakeholders.
By providing these specific technical and policy-based
recommendations, the conclusion would more effectively
guide both industry players and policymakers in addressing
the systemic security risks facing the digital financial
ecosystem.
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University of Aden, and analyze its impact on
student  satisfaction. A  quasi-experimental
approach was adopted, where the platform was
tested with a group of Information Systems
students, and data was collected through surveys
and analyzed using statistical methods. The results
indicated that the use of the local educational
platform  significantly improved students’
satisfaction with their learning experience by
providing a more interactive and flexible
environment. The study recommends expanding
the use of local educational platforms in academic
institutions facing similar technological challenges
and enhancing digital infrastructure to support
sustainable e-learning.

Keywords—  E-learning,  Local  Educational
Platforms, Satisfaction.

-

dadiadl I
o3¢l A (a8 N Jaill s oyl o sl sl paiill Jla b
Alend) acal dpuld 538 ) Lpaledl] Ciliaiall Caspual ¢ Jlall aidail
ST il g Al g il (35 asns 8 pls Laa cdpanledl)
Ol Las ¢ Jsall o el J1 355 Y el gy Adg pe 5 Alelss
Sty Canca g Al Al duidly 3la 550K Chasy 4l 6
Cileaiall (e Aaaddeill il pall aliiul (Gany Lae e iyl A<ady
Anaal) il dadlall
alae Aol Claie skt () Aalall o8 (Sl s b
laall claiall adiad Al 5 gll o3 (3 5l Jadl LgiSay
lae ¢ alaill (5 ginall il (Intranet) dolad) il e
O plal) 3 50 () g gl Ol ety Ylad 5 Ulae S Lglany
Lpaglal Ay Cliaial) 2 g o YL iy Juall ) dalall
A8 )15 il JuliS 3 agasd 5 oo laadl 5 g2l alail ac 5 Al s
Ayl 5 4y panl) hliall (8 GOl G
TaulaY) Gl 3 gal) aad dadadll Cilaiall e DUl Lia y any
o Ll omdy cpdll OOl dadadl) ddaall #las (uldl
eadall (5 ginall ga ST Slelis ()5 ek Led sariing i) daial
Lleall L agalexil 33l 55 a8V ab) ginsn (st ) (533 Las

https://doi.org/10.20428/jst.v30i5.2833

Eall dilae daal
Lo il S e gpuls) anid
Oadll ¢ae

balharethru@gmail.com

padlall

b 8l Jaatlly L ol il o pidl) ghatl) S5 (2
Bl 1 i A g ) Apalatl) clluaial) Ciapual ¢ Mall aglacl)
all) Jgall (e Byaal) A 65 (I pa g Apanlail) ddaal) poa
Aal) A) Cia s G B S Cilpaal (Gl U3 B Ly
Ciags Agallal) Apagtail) ciluaiall (pa Baliia) an Laa o i
Gl o aaia Al daglad diaiae apanal ) Al ol o8
ila glaal) L o) 930 g G gnalal) 4208 A (Intranet) 4plaal)
Al a3 Sl L) e W il saa Julaip 0pae Aaalag
(re 4 gana ga dalal) LA a3 Eua ¢ atl) dp i gl
ULl SR e Sl pan alg cila glaall aldi gali o o
pladin o) gl ¢ pgdal Alaay) cullad) aladialy Lehdad g
L) Cppeand 8 B gala JC 50 ag—ul dudaal) drasail) dalal)
Lle iy s alad Ay @y s ddoanladl) 45 2l e Ol
Lpaleil) ciliaial) aladiiad (gUai dm gy Aol Al uagi g a9
(Alilan A cilyans Aa g8 A ApapalsY cilucwsal) & dulaal)
phieal) 5 g S adal) o al dpad 1) Al Al ey

Lrauleil] Sl —aial) o i g jiSIY) auleil] Lualidalf Cilalslf
L) calaall

The Impact of Designing a Local Educational
Platform on the Satisfaction of Students in the
Information Systems Program at the Faculty of
Computer and Information Technology,
University of Aden

Abstract— With the rapid advancement of
technology and the digital transformation in higher
education, educational platforms have become a
crucial element in supporting the learning process.
However, many developing countries, including
Yemen, face significant challenges due to weak
internet infrastructure, limiting their ability to
benefit from global e-learning platforms. This
study aims to design a local educational platform
based on intranet networks at the Faculty of
Computer and  Information  Technology,
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Abstract—  This research covers the synthesis and
characterization of Cu nanoparticles using leaf extract of
Amaranthus hybridus and the larvicidal evaluation of Amaranthus
hybridus and Cu nanoparticles. Nanoparticles are an important area
in biotechnology that has been attracting interest recently. The
bottom-up method of synthesizing nanoparticles using plant extract
(green synthesis) was adopted for this study. In this study, copper
nanoparticles were successfully synthesized using the leaf extract of
African spinach and characterized using various instruments. The
FTIR analysis reveals the presence of various functional groups,
such as the O-H (hydroxy) group, which was observed at 3363 cm™;
the O=C (carbonyl) group, which appears at 1633 cm™; the sp* C-H
peak, which appears at 2924 cm™; C-C at 1014 cm™; and the Cu-O
peak, which was observed at 676 cm™. A similar peak was not
observed on the FTIR of Amaranthus hybridus. The SEM analysis
shows crystalline irregular morphology. While the XRD analysis
shows a face-centered cubic crystalline (FCC) shape, the size of the
Cu nanoparticles was calculated to be 18.61 nm. The larvicidal
activity of Amaranthus hybridus shows lethal concentration (LC)
against Culex larvae; for the first instar, LC50 was found to be 40.42
mg/L, and LC90 was 82.08 mg/L. Second instar LC50 was 43.75
mg/L, and LC90 was 85.42 mg/L. For third/fourth instar, LC50 was
42.40 mg/L, while LC90 was 82.40 mg/L. Lethal dose/lethal
concentration against Anopheles (LC50) for all instars was 32.86,
47.20, and 43.20 mg/L, respectively. LC90 was found to be (70.35,
87.20, 83.20) mg/L. The larvicidal activity of Cu NPs was
calculated, and LC50 against Culex was found to be 22.20, 26.05,
and 30.97 mg/L, respectively, and LC90 was found to be 42.20,
49.30, and 63.23 mg/L. While the LC50 of Anopheles larvae was
found to be (28.84, 36.07, 35.40) mg/L and the LC90 was (52.09,
71.79, 64.60) mg/L, the correlation for both Culex and Anopheles’
larvae was significant for all instars.

Keywords— Amaranthus Hybridus, Nanoparticles, Anopheles
Larvae.

I. INTRODUCTION
Amaranthus hybridus falls under the Amaranthaceae family,
encompassing 60-70 species. The Amaranthus genus is
widespread across temperate and tropical zones worldwide,
boasting about 70 species and 4,000 varieties [1]. In tropical
African regions, its leaves and tender shoots are harvested and
prepared by cooking, frying, or steaming, serving as a key
food source during droughts [2]. Known as “amaranth™ or
"pigweed," Amaranthus hybridus is an annual herbaceous
plant reaching heights of 1-6 feet. It contains phytochemicals
such as alkaloids, flavonoids, tannins, saponins, phenols,
phytic acids, and hydrocyanic acid, alongside nutrients like 8-
carotene, thiamine, riboflavin, niacin, pyridoxine, ascorbic
acid, tocopherols, and amino acids [3]. Also, according to [4],
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Amaranthus hybridus contains alkaloids, flavonoids,
saponins, and tannins, while glycosides, anthraquinones, and
phlobatannins were not detected. Medicinally, the plant
addresses conditions like eye, ear, and stomach issues;
dysentery; diarrhea; and serves as a diuretic, lactation aid, and
treatment for hemorrhoids, menstrual issues, venereal
diseases, paralysis, epilepsy, convulsions, and spasms [1].

The global nanoparticle market has expanded with growing
interest in nanotechnology. "Nanoparticle” derives from the
Greek "nano,"” meaning "dwarf,"” referring to particles with a
size of one-billionth of a meter in diameter [5]. These
particles, ranging from 1 to 100 nanometers, have drawn
significant focus over the last decade for their diverse
applications, especially in medicine [6].

Materials sized 1-100 nm are universally recognized as
nanoparticles or nanomaterials [7]. Their small scale
enhances versatility, aiding cellular uptake and supporting in
vitro research and industrial applications [8, 9]. Metal
nanoparticles, formed from metal salts or precursors, are
valued for their localized surface plasmon resonance (LSPR)
traits, with alkali and noble metals like copper, silver, and
gold showing broad absorption in the visible solar spectrum
[10].

Mosquitoes are categorized under phylum Arthropoda,
class Insecta, and order Diptera [11], with three subfamilies,
namely Toxorhynchitinae, Anophelinae, and Culicinae [12].
Over 3,530 mosquito species exist, organized into 43 genera
within the Culicidae family [13]. Among them, Anopheles,
Aedes, and Culex stand out for transmitting diseases to
humans, birds, and mammals [14]. The Anopheles genus,
named by Johann Wilhelm Meigen in 1818, includes "nail"
or "marsh" mosquitoes [15], primarily known for carrying
malaria via the Plasmodium parasite, a major health concern
in tropical and subtropical areas [16]. Of over 450 Anopheles
species, roughly 40 efficiently spread malaria [17]. In Africa,
dominant vectors like Anopheles fenestus and Anopheles
gambiae span central regions, joined by Anopheles arabiensis
in sub-Saharan West Africa, while Anopheles darlingi leads
in South America, and Asia features species like Anopheles
minimus, Anopheles punctulatus, and Anopheles dirus,
complicating vector studies [18].

The Culex genus thrives in tropical and temperate regions,
with around 770 species, some acting as disease vectors for
birds, humans, and animals [19, 20]. Notable species like
Culex pipiens and Culex quinquefasciatus are critical for
transmitting diseases, aided by their ability to feed on both
humans and animals, spreading West Nile virus, Japanese
encephalitis, St. Louis encephalitis, filariasis, and avian
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malaria [21]. Culex mosquitoes are vital in epidemiology,
carrying pathogens like the filariasis parasite and arboviruses,
driving morbidity and mortality in subtropical and tropical
zones [22].

A. Mechanism of Action of Metal Nanoparticles on Larvae

e Oxidative stress: metal nanoparticles induce the
production of reactive oxygen species (ROS) that lead
to oxidative damage in mosquito larvae [23]. Metal
nanoparticles trigger oxidative stress by producing
ROS such as superoxide (O»-), hydroxyl radicals
(OH.), and hydrogen peroxide (H202). In mosquito
larvae, excessive ROS disrupt cellular balance by
damaging lipids, proteins, and DNA.

e Membrane disruption: studies on Cu NPs have shown
that they cause rupture in the midgut epithelium of
larvae, causing leakage of cellular contents and
impaired osmoregulation physical damage due to
interaction of metal nanoparticles and cellular
membrane [24] [25]. Similarly, the metal
nanoparticles destabilize cell membranes through
electrostatic interactions or direct physical damage.
The positive charge of the metal nanoparticles enables
them to bind to the negatively charged membrane
components, altering membrane permeability.

e Enzyme inhibition: metal nanoparticles can interfere
with enzyme activities that are crucial for larval
survival and development [26]. Cu*" ions from Cu
nanoparticles suppress acetylcholinesterase, a key
enzyme for function, resulting in paralysis and death.
Also, metal nanoparticles impair proteases and
amylases in the larval gut, hindering nutrient digestion
and absorption, which prevents molting or pupation
[27].

e Physical contact and cuticle penetration: Due to their
nano size, metal nanoparticles interact directly with
the larval cuticle (the protective outer layer). Metal
nanoparticles also breach the cuticle via spiracles and
the digestive tract, inflicting mechanical harm to
epithelial cells [26].

B. Materials

Beaker, weighing balance, spatula, cuvette, stirring rod,
syringe, hot plate, Whatman No. 1 filter paper, measuring
cylinder, hot air oven, mortar and pestle, plastic cups, FTIR
machine (PerkinElmer), spectrum version 10 03 09, UV-vis
spectrophotometry machine (Jenway 6705), SEM machine
(Hitachi 4160), and XRD spectrophotometer (X-pert plus).
CuS04. 6H20, distilled water, KBr.

Il. METHODOLOGY

A. Preparation of 0.1 M Copper Sulfate Hexahydrate
(CuSO4. 6H20)

We weighed 6.69 g (0.025 mol.) of CuSO+6H-O and
transferred it into a 250 cm3 volumetric flask. We added a
little quantity of distilled water and then shook it until it
completely dissolved, and then we filled it to the mark using
distilled water.

B. Synthesis of Copper Nanoparticles

We poured 250 cm? of 0.1 M copper sulfate solution into a
500 cm3 beaker. Using a syringe, we slowly added 62 cm3 of
aqueous Amaranthus hybridus leaf extract dropwise to the
copper sulfate solution with continuous stirring. We
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maintained the temperature at 60°C. We observed a color
change and noticed the formation of copper nanoparticles as
precipitate formed. We allowed the reaction mixture to stand
for 24 hours to let the particles settle. Then, we decanted the
mixture, washed the residue with deionized water, and dried
itat 110°C in a hot air oven for 6 hours to obtain fine Cu NPs.
We adopted the method of [28] with little modification.

C. Characterization

We carried out various analyses and employed them for the
characterization of the synthesized Cu nanoparticles. We
employed various characterization techniques, which include
UV-visible spectrophotometry, Fourier transform infrared
(FTIR) spectrophotometry, scanning electron microscopy
(SEM) coupled with energy dispersive X-ray (EDX), and X-
ray diffraction (XRD).

D. UV-Visible Spectrophotometry

We collected a small aliquot of Cu nanoparticles and poured
it into a clean cuvette, then placed it into the UV-Vis
spectrophotometer (Jenway 6705) and scanned from 200 nm
to 800 nm to find the wavelength of maximum absorbance
(Amax). Then we varied the wavelength and ran it to find the
absorbance. We used distilled water as a blank. We employed
the method of [29]. With little modification.

E. Fourier Transform Infrared (FTIR)

We took 50 mg of Cu nanoparticles and mixed them with 250
mg of KBr. Using a hydraulic press, we made the mixture into
a pellet and then pressed it into a disc. We used this disc to
acquire the spectra within the range 4000-200 cm™.. We
carried out the analysis using an FTIR spectrophotometer
(PerkinElmer).

F. Scanning Electron Microscopy (SEM)

We conducted SEM analysis using SEM (Hitachi 4160) in
order to determine the morphology, size, and composition of
the element present in the synthesized nanoparticles.

G. X-Ray Diffraction (XRD) Analysis
We conducted XRD analysis using X-pert plus in order to
find the average crystalline size. The Debye-Scherrer
equation was used to calculate the average crystalline size.
The Debye-Scherrer equation is as follows:

D =KWMBCOSH

Where D = particle size

K = Constant Volume

A = X-ray wavelength (0.154nm)

0 = Bragg's angles (in degrees).

P = Line broadening at half the maximum intensity

H. Larvicidal Bioassay

We collected Culex and Anopheles’ larvae from stagnant
water in Gombe metropolis and sorted them into three groups
based on their growth stages. We combined the third and
fourth instars into one group due to the difficulty in obtaining
a uniform population. Meanwhile, we prepared a 100 mg/L
Cu NPs stock solution and used it to produce other subsequent
concentrations through serial dilution. In a plastic cup, we
filled it with 100 ml of distilled water to serve as the control.
Next, we prepared 100 ml of 10 mg/L, 20 mg/L, 30 mg/L, 40
mg/L, and 50 mg/L Cu Np concentrations, and then we placed
25 larvae into each concentration and assessed them for
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larvicidal activity. We recorded the larval mortality after 24
hours of exposure.

I. Statistical Analysis
We calculated the percentage mortality using Abbott’s
formula. Then, we carried out probit analysis to determine
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lethal concentration at 50% (LC50) and lethal concentration
at 90% (LC90), correlation, and chi-square distribution using
statistical software SPSS 2016.

I11. RESULT AND DISCUSSION

35
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Fig. 1. Showing the result of UV-vis analysis of Cu NPs

The wavelength of maximum absorbance was found at 322
nm, which is near the region of absorbance of violet color,
which corresponds to the change of color of the solution from
light blue to dark blue. A similar Amax was found by [30],

which shows the maximum absorbance at 340nm. The
absorbance was ascribed to surface plasmon resonance. The
wavelength of maximum absorbance Amax is affected by
many factors; hence, the Amax of Cu NPs is not peculiar [31].
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Fig. 2. Superimposed FTIR of African spinach and Cu NPs

Major peaks were observed at 3418 cm-1, 3363 cm-1, 2924
cm-1, 1644 cm-1, 1633 cm-1, 1384 cm-1, 1384 cm-1, 1072
cm-1 1014 cm-1, 676 cm-1 for the African spinach and Cu
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NPs which are due to vibration of bonds (stretching or
bending) of molecules.
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Table 1: Showing IR absorption (cm-1) frequencies of African spinach and Cu NPs

African  spinach Cu NPs (Cm™) Literature (Cm™®)  Assignment Probable source
(Cm™)
3418 Br (S) 3363 Br (S) 3200-3500 OH Alcohol,  phenol,

carboxylic acid,
tannin, alkaloid,

flavonoid
2924 Sh (M) N. O 2800-3000 Sp® C-H Alkane
1644 Sh (S) 1633 Sh 1620-1680 C=0, C=C, C=N Carbonyl, alkene,
) alkaloid, Aldehyde,
ketone.
1314 Sh (M) 1384 Sh (S) 1360-1390 C-H, C-N Amine, alkane,
alkene, alkyl,
1072 Br 1014 Br (S) 1150-1250 C-C,C-0 Carboxylic  acid,
M alkane, ether,
M) esther, alkoxy
N. O 676 Sh (S) 450-600 Cu-0 CuSO.. TH20,

Phytochemicals

Fig. 3. Showing the SEM result for Cu NPs

The SEM result of the Cu nanoparticles under x500  different sizes, which might be due to aggregation of the
magnification, as shown in figure 4, shows irregular surface  nanoparticles
morphology, mostly crystalline with triangular-like shapes of
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Fig. 4. The EDX of Cu NPs

In the copper NPs Cu and sulfur have the higher percentage
of 60.54% and 23.85% while iron and titanium have the least

percentage of 0.34% and 0.24% respectively. Other elements
are in trace amounts.
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Fig. 5. Showing the XRD result of Cu NPs

The XRD analysis of the synthesized Cu nanoparticles shows
eight (8) prominent peaks at 20 = 19.02, 26.33, 26.87, 28.87,
36.51, 40.49, 45.27, and 55.20, which correspond to the
planes of (200), (202), (220), (300), (321), (303), (323), and
(404). Respectively, this shows a face-centered cubic (FCC)
structure, which is in agreement with the crystalline structure

of Cu. The sizes were calculated to be 12.5nm, 55.51nm,
16.92nm, 19.55nm, 8.62nm, 10.67nm, 13.61 nm, and 11.47
nm, respectively, and the average crystalline size was
18.61nm. This is similar to the report by [32] that found the
average crystal size to be 11+1 nm.

Table 2: Showing the larvicidal activity of African spinach on culex larvae

CONC % MOTA LC50 LC90

CULEX SIN (mg/L) LITY (mg/L) (mg/L) R X?
1 10 20
2 20 28

FIRST 3 30 44 40.42 82.08 0.980

INSTAR 4 40 52 0.714
5 50 56
1 10 16

SECOND 2 20 24

INSTAR 3 30 44 43.75 85.42 0.958
4 40 48 0.787
5 50 52
1 10 16

THIRD/ 2 20 20

FORTH 3 30 52 42.40 82.40 0.877

INSTAR 4 40 48 0.430
5 50 52
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Table 2 above shows the result of larvicidal activity of plant
extract on Culex larvae; the highest mortality was found to be
56%, 52%, and 52% at 50 mg/L for all instars, respectively.

The lethal concentrations (LC) at 50% and 90% were
calculated, and the results show good correlation.

Table 3: Showing the larvicidal activity of African spinach on anopheles’ larvae

CONC  %MOTA  LC50  LC90
ANOPHELES SN  (mglL) LITY (mgll) (mg) R X2
1 10 20
2 20 28
FIRST 3 30 48
INSTAR 4 40 56 3286 7035 0984 0853
5 50 64
1 10 16
SECOND g 58 gg
INSTAR 4 40 48 4120 4700 0967 0810
5 50 52
1 10 12
THIRD/ 2 20 28
FORTH 3 30 a4
Rl 4 40 48 4320 8320 0953  0.830
5 50 52

Table 3 above shows the result of larvicidal activity of
African spinach on Anopheles’ larvae; the highest mortality
was found to be 62%, 52%, and 52% at 50 mg/L for all instars,
respectively. The lethal concentrations (LC) at 50% and 90%
were calculated, and the results show a good correlation

above 0.9 for all instars. The mortality is attributed to the
presence of phytochemicals in the leaves of the plant extract.
This work can be compared to the work of [33], which found
similar results.

Table 4: Showing the larvicidal activity of Cu nanoparticles on culex larvae

CONC % MOTA LC50 LC90
CULEX S/N Mg/L LITY mg/L mg/L R X?
1 10 24
2 20 44
FIRST 3 30 68 22.20 42.20 0.990 0.880
INSTAR 4 40 92
5 50 100
1 10 20
SECOND 2 20 44
INSTAR 3 30 56 26.05 49.30 0.995 0.049
4 40 72
5 50 92
1 10 20
THIRD/ 2 20 36
FORTH 3 30 56 30.97 63.23 0.967 0.104
INSTAR 4 40 64
5 50 68

Table 4 above shows the result of larvicidal activity of Cu
nanoparticles on Culex larvae; the highest mortality was
found to be 100%, 92%, and 68% at 50 mg/L, while the
lowest mortality (24%, 20%, and 20) % was recorded at 10

Journal of Science

and Technology

mg/L for all instars, respectively. The lethal concentrations
(LC) at 50% and 90% were calculated, and the results show
good correlation above 0.9 for all instars. Similar findings
were reported by [34].
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Table 5. Showing the larvicidal activity of Cu NPs on anopheles’ larvae

CONC % MOTA LC50 LC90
ANOPHELES SIN Mg/L LITY mg/L mg/L R X?
1 10 24
2 20 32
FIRST 3 30 44 28.84 52.09 0.976 0.099
INSTAR 4 40 63
5 50 92
1 10 24
SECOND 2 20 28
INSTAR 3 30 40 36.07 71.79 0.973 0.110
4 40 60
5 50 64
1 10 16
THIRD/ 2 20 32
FORTH 3 30 40 354 64.60 0.990 0.635
INSTAR 4 40 60
5 50 68
Table 5 above shows the larvicidal activity of Cu NPs on [2] Mekonen T., Giday M., and Kelbessa K.,

Anopheles’ larvae. For the first instar, the LC50 was found to
be 2.84 mg/L, 52.09 mg/L for LC90, and the correlation was
0.976. For the second instar, LC50 was 36.07 mg/L and LC90
was 71.79 mg/L, and the correlation was 0.973, while for the
third/fourth instar, LC50 was 35.4 mg/L and LC90 was 64.60
mg/L with a correlation of 0.990. The highest mortality was
recorded at 50 mg/L, while the lowest mortality was recorded
at 10 mg/L. The correlation was significant; this work relates
to the research done by [35].

1V. CONCLUSION

Cu NPs were synthesized using aqueous African spinach
extract and the nanoparticles were obtained as a fine powder.
The nanoparticles were subjected to series of characterization
as follows, the UV analysis of the nanoparticles, the
wavelength of maximum absorbance of was found at 322 nm
for and Cu NPs. The FTIR analysis reveals the various
functional groups that are present in the plant extract and Cu
NPs the functional groups include hydroxy group (O-H),
carbonyl (=0), Sp3 C-H, Sp2 C=H and metal-oxygen (M-0O).
The SEM analysis of Cu nanoparticles shows crystalline
structure with irregular morphology. The XRD analysis of Cu
nanoparticles shows FCC crystalline shape with size 18.61nm
for Cu NPs.

The larvicidal activity of plant extract and Cu
nanoparticles against culex and anopheles’ larvae was carried
out. The highest mortality was found at 50 Mg/L the lethal
dose or lethal concentration (LC) was calculated for 50% and
90% mortality also the correlation shows higher significance
with minimum of 0.861 and maximum of 0.995. Cu NPs was
the most effective with lowest mortality of 20% and highest
mortality of 100% for culex larvae and 16% lowest and 92%
highest mortality for anopheles’ larvae.
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management in Omani information institutions
and libraries. These institutions face challenges in
adopting the latest technologies due to a lack of
competencies and resources. The study highlights
the role of Al in improving classification,
searching, and information retrieval processes, and
the role of data analytics in enhancing decision-
making. Using a quantitative methodology based
on surveys directed at employees and users, the
study seeks to provide recommendations for
developing effective strategies that enhance the
efficiency of knowledge management and the
quality of services provided. Through the adoption
of a quantitative analysis approach, data was
collected via surveys targeted at library staff and
users to evaluate their experiences with AI and
data analytics. The results showed that Al
applications significantly improved the efficiency
of classification and information retrieval, while
data analytics played a prominent role in
enhancing informed decision-making. However,
the study also identified some challenges, such as
limited technological infrastructure and the need
for additional training for staff. The results suggest
that integrating AI and data analytics in library
and information processes can contribute to
improving operational efficiency, service quality,
and data-driven decision-making. The study also
provides recommendations for overcoming current
challenges, including improving staff training,
investing in digital infrastructure, and developing
effective integration strategies. In conclusion, the
integration of AI and data analytics offers
significant benefits for the development of Omani
library services and enhances their role in the
digital age. However, it requires a coordinated
effort to overcome technical barriers and limited
resources.
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Survey to Measure the Effectiveness of Utilizing
Artificial Intelligence and Data Analysis in
Improving Knowledge Management in Omani
Information Institutions and Libraries

Abstract— This study aims to explore the
effectiveness of integrating artificial intelligence
(AI) and data analytics in improving knowledge
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