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d. Method:
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Studying the Impact of Internet of Things Technology on Organizational

Performance, Taking into Account the Role of Knowledge Creation

Intermediaries (Case Study: Bank of Yemen and Kuwait)

Khaled Ahmed Al-Masouri
College of Computer and Information
Technology, Saba University,
Republic of Yemen
khalidahmed2009@gmail.com

Abstract— The study aimed to study the impact of the Internet
of Things on organizational performance, taking into account
its role in knowledge creation. The research method was
applied in terms of purpose and the descriptive correlation
approach. The banking statistical population includes the
statistical population of the Bank of Yemen and Kuwait in
the capital, Sana'a, consisting of 1,050 individuals. The
sample size of 284 individuals was selected using a simple
random sampling method and measured using a
questionnaire. Regarding the results of this study, the
questionnaire results were evaluated using Cronbach's alpha

https://doi.org/10.20428/jst.v30i7.2906

coefficient and the validity coefficient, and their reliability
and validity were confirmed. The structural equation model
data also indicated a good fit for the model. The results
showed that the Bank of Yemen and Kuwait succeeded in
increasing its performance through the use of the Internet of
Things. Furthermore, knowledge creation has a positive and
significant impact on the relationship between the Internet of
Things and performance.

Keywords— Internet of Things, Knowledge Creation,
Organizational Performance, Bank of Yemen and Kuwait,
Economy, Sana'a
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I. INTRODUCTION

With the rapid and continuous development of the
internet and its various uses, it has become indispensable in
many fields, including communications and information
technology. Through it, the world has become a global
village. Recently, remote work has played a major role in
developing businesses and activities within companies and
institutions. In the recent past, the Internet of Things (IoT)
has emerged (Gibsonn, 2023). It consists of a network of
smart devices that connect to each other and exchange data
and information with other devices via the internet. This has
made controlling the operation of these devices possible via
smart, remote-operating technical programs. The Internet of
Things (IoT) is a rapid communication process between the
user (human element) and objects (devices) via specialized
digital programs and technologies connected to the internet.
This aims to facilitate the operation of these devices, thus
simplifying daily work (Suplabb et al.., 2024).
The Internet of Things can be applied to intelligently control
the operation of various household appliances, as well as
security and surveillance devices, various means of
transportation, and machinery and equipment in factories.
This results in efficient data exchange without direct contact
between these devices, equipment, and humans. The Internet
of Things is expected to develop rapidly in the coming years,
adding more areas of use in more active and effective ways
(Andreasrr & Christian, 2023). The use of the Internet of
Things may support managers in companies, commercial,
and industrial institutions, helping them make various
administrative decisions more quickly and accurately. It also
helps improve the level of service provided to customers hile
increasing productivity, reducing operating expenses,
reducing work times, and reducing waiting times between
various production processes. This also improves the work
environment and develops the ability to manage it without
direct contact with these objects (Losoo et al.., 2024).
Knowledge is one of the most important resources sought by
today's organizations, including information institutions,
which have begun to realize the importance of adopting the
concept of knowledge management. This is achieved through
the role played by the human element working in these
institutions in activating this knowledge through the
processes associated with its production, organization, and
sharing, which contributes to improving their activities and
services. Information and communications technologies
(ICTs), along with various Internet applications, play a vital
role in knowledge management. Therefore, information
organizations must keep pace with these changes and respond
to the changing and evolving conditions witnessed in the ICT
and Internet sectors. Knowledge management benefits from
computer applications, thus leveraging communication
services and communication with other devices t a time when
various types of devices are becoming interconnected
(Chenggqiann, 2024).
This has become increasingly important in information
organizations with the emergence of Internet of Things (IoT)
applications, as these applications offer numerous benefits.
They are concerned with the evolution of technology, as the
number of devices connected to their operations has
increased. It is worth noting that information organizations,
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including libraries, have been impacted by technological
advancements and the diverse uses of the Internet over the
past two decades. This has created a platform for leveraging
the Internet of Things, including knowledge management
activities. These aspects inspire optimism regarding the
importance of envisioning the future of various information
organizations and how they will look in the coming years
(Seemaa et al.., 2022). There is no doubt that new and
advanced technologies will impact the way knowledge is
managed within organizations in the context of the Internet
of Things, enhancing knowledge-related activities. From this
perspective, this study discusses the intellectual output
published in the Arab world and internationally on the areas
of benefiting from Internet of Things applications in
supporting knowledge management activities in information
institutions (YANN et al., 2023).

The banking industry is one of the largest and most diverse
in the world. The use of the Internet of Things (IoT) in this
industry has enabled the provision of a wide range of banking
products and services to customers. New digital innovations,
including the Internet of Things (IoT), have created a
competitive market for banks, and banks need to adapt their
practices accordingly. The increase in online activities is
attributed to behaviors such as increased product
understanding, product pricing, internet familiarity, time, the
rapid pace of technological change, and purchase value
(Chenggian, 2024). Banks and startups are analyzing
information gathered from the Internet of Things (IoT) to
make decisions, given the growing desire of employees and
customers to use new innovations (IoT-enabled devices). In
fact, banks are working to create innovative products and
services, and innovative uses of the IoT to transform their
business models will ultimately lead to increased revenues.
In this regard, Cisco estimated in 2013 that IoT technology
revenues would reach $3.7 billion by 2020 (Loso et al..,
2024).

The Bank of Yemen and Kuwait uses various tools such as
wireless networks, magnetic cards, mobile banking,
websites, email banking, and customer relationship
management systems. But how much of the data generated
by the Internet of Things (IoT) leads to knowledge creation,
and how much of it leads to increased revenue, reduced costs,
increased communications, improved customer experience,
reduced risk, smart resource allocation or efficient processes,
assisted decision-making, market segmentation, information
transparency, and the provision of new services and
products? The current research seeks to shed light on,
analyze, and analyze issues related to the use of IoT to
achieve competitive advantage. The main research question
is how to leverage IoT to improve performance. To what
extent can knowledge creation affect this relationship?

THE FOLLOWING RESEARCH SUGGESTS THAT THE
RELATIONSHIP BETWEEN IOT AND PERFORMANCE, TAKING
INTO ACCOUNT KNOWLEDGE CREATION, HAS NOT BEEN
STUDIED AND EXAMINED IN YEMENI BANKS:

Reem et al.. (2024),, in their study’s objective,, aimm to
analyze the supply chain integration antecedents required to
enable supply chain performance, competitive advantages,
and organizationalal performance. Although prior research
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indicates that the Internet of Things (IoT), as one of the
enabling technologies, plays an instrumental role in
enhancing organizationalal performance through supply
chain integration, no empirical tests have been performed
before. Therefore, this study examines the direct and indirect
effects of the IoT’s impact on organizational performance
through different mediating variables—supply chain
integration, supply chain performance, and competitive
advantages. This study uses survey data from Saudi Arabian
companies that adopted IoT-based applications in their
supply chains. The results from partial least squares structural
equation modeling indicate that the benefits and challenges of
IoT adoption significantly affect supply chain integration.
Vermesan and Friess (2024) addressed the Internet of Things
and innovation in a single strategy. Their findings showed
that the IoT has been recognized as a strategic innovation.
Gibson (2023) The object of his research is the
implementation of the Internetrnet of Things (IoT) and its
effect on organizational performance for small and medium
enterprises (SMEs) in emerging economies. SMEs in
emerging economies are faced with low levelss of
performance due to technological constraintss, inadequate
skilled human resourcess, lower entrepreneurial capabilities
and management systems, the deficiency of available
information, inadequate use of information technology, poor-
quality products,, and a lackck of strategic long-term plans..
Benson (2023(2023): The study was carried out to assess the
role of the Internetrnet of Things in improving organizational
efficiency at Arusha Urban Water Supply and Sanitation
Authority.The researcher used a case study design, where
Arusha Urban Water Supply and Sanitation Authority was
chosen because it it is a familiarar place to the researcher,,
hence the easecase of getting required information. The
researcher collected two types of data: the primary data and
the secondary data. Primary data were collected through
questionnairess, while secondary data were collected through
documentary review. All data were analyzed and presented in
tables and figures with the help of descriptive analysis under
SPSS version 25. Study findings unveiled that the term

Journal of Science
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“internet of things” is not well known in AUWSA, but the
users are dependent on IoT and would prefer using advanced
forms of [oT in the future. The study findings found that IoT
has improved revenue collection, increased effectiveness, and
reduced the managing costs.

Loso et al. (2024): This study investigates the impact of
Internet of Things (IoT) adoption on operational efficiency
and competitive advantage within the information technology
(IT) industry in Indonesia. A quantitative research approach
was employed, utilizing a cross-sectional survey design to
collect primary data from 170 IT companies operating in
Indonesia. Structural Equation Modeling (SEM) with the
Partial Least Squares (PLS) algorithm was utilized to analyze
the data and test the research hypotheses. The findings reveal
that IoT adoption positively influences both operational
efficiency and competitive advantage within the Indonesian
IT industry. These results underscore the transformative
potential of IoT technologies in enhancing organizational
performance and strategic positioning in the digital era. The
study contributes to the existing literature by providing
empirical evidence on the benefits of [oT adoption in the
context of the Indonesian IT industry, offering insights for
policymakers, practitioners, and researchers seeking to
harness the potential of IoT technologies for sustainable
growth and innovation.

To formulate our current research model, we used the twelve
questions of the [oT from the perspective of Atzuri, Lera, and
Marabito (2020). Researchers such as Leonardo et al. (2022)
and Al-Ghazali et al. (2022) have also emphasized the
relationship  between knowledge management and
performance. On the other hand, Leonardo et al. (2022) and
Al-Ghazali et al. (2022) have also emphasized the
relationship  between knowledge management and
performance. On the other hand, Leonardo et al. (2022) and
Vermessen and Freese (2024) demonstrated that the Internet
of Things has an impact on organizational performance. This
is despite the fact that the relationship between these three
concepts was not studied simultaneously.
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Consequently, the research model is depicted in Figure (1).

organizational
performance

knowledge

creation

MAIN AND SUB-RESEARCH HYPOTHESES ACCORDING TO

THE RESEARCH MODEL:

A. There is a statistically significant relationship between
the Internet of Things (IoT) and organizational
performance, with regard to knowledge creation, at the
Bank of Yemen and Kuwait.

II. RESEARCH METHODOLOGY

The current study is applied in its purpose and descriptive in
its type. It was conducted in Sana'a Governorate over a cross-
sectional period using quantitative data. Data were obtained
through a questionnaire. To verify the validity of the
questionnaire, the opinions of university professors were
used, and the reliability of the questionnaire was obtained

questionnaires and employee opinion polls. To assess the
reliability of the questionnaire, Cronbach's alpha test was
conducted, and the results of this test showed that the
questionnaire had adequate reliability, with the overall
reliability of the questionnaire reaching 0.91. The content
validity and face validity of the questionnaire were confirmed

@
httgs://doi.orq/ 10.20428/jst.v30i7.2906

B. There is a relationship between the Internet of Things
(IoT) and the performance of the Bank of Yemen and
Kuwait.

C. There is a relationship between the Internet of Things
(IoT) in data creation and knowledge creation at the Bank
of Yemen and Kuwait.

D. There is a relationship between acquired knowledge and
organizational performance at the Bank of Yemen and
Kuwait.

using Cronbach's alpha. The statistical population for this
study consists of all employees of the Bank of Yemen and
Kuwait in Sana'a Governorate, totaling 1,050 individuals.
Considering the statistical population, based on Cochran's
formula, 281 individuals were selected for the sample using a
simple random method. Data were collected through

by experts, and the construct validity was determined using
the confirmatory factor analysis model. In confirmatory
factor analysis, the researcher seeks to determine whether the
research questions are able to measure the variables of
interest. In Table 1, the reliability of the current study is
divided according to the dimensions.
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Table 1. Reliability and validity coefficients of the questionnaire

Alpha test Bar Factorial Factors Dimensions
cronbach,s
0,61 Establishing connections between branches via ADSL or wireless
internet access
0,65 Providing customer account books or cards with barcodes
0,71 0,65 Equipping ATMs with barcode readers to receive receipts Internet of things
0,58 Customers can access an internet-based mobile wallet
0,58 Banking transactions through CORE BANK's mobile portals
0,64 Online notifications when using online banking services
0,51 Communications via the bank's website
0,57 Speeding up installment payments and quick money transfers based on
mobile applications
0,56 Mobile banking, websites, and web kiosks by customers
0,60 Alerts related to environmental conditions (temperature, pressure,
movement, etc.) for devices
0,56 Available at the branch in a timely manner (online). The central area
will be notified. Improving heating, cooling, and lighting systems in
branches and buildings to achieve greater control.
0,53 Customers locate branches using GPS devices.
0,59 .Social media activity Performance from a
0,74 0,62 Increasing average return on investment compared to other major ~ Financial Perspective
competitors.
0,59 Increasing average productivity compared to other major
competitors.
0,86 Reducing unnecessary costs (e.g., operating cost savings, etc.) and  Operation from an
0,80 lowering waste rates compared to other major competitors. Internal Perspective
Improving the quantity and quality of services compared to other
competitors
0,68 Increasing research and development compared to other
competitors
0,78 Increasing social responsibility compared to other competitors
0,76 Increasing customer satisfaction compared to other competitors Performance from a
0,85 0,82 Increasing customer loyalty compared to other competitors Customer Perspective
0,81 Dealing with customer complaints compared to other competitors
0,59 Responding to customer requirements compared to other
competitors
0,62 Focusing on improving employee skills and knowledge Performance from a
0,74 0,59 Focusing on increasing employee satisfaction Growth and Learning
0,63 Focusing on the need to advance within the organization Perspective
0,56 Gathering information via the intranet and website Creating Social
0,70 0,87 Monitoring competitors and holding brainstorming sessions with ~ Connections
them
0,77 Providing opportunities for employees to perform specialized and
professional tasks
0,46 Using examples to explain concepts in meetings and sessions External Accreditation
0,70 0,84 Holding meetings, discussions, and brainstorming
0,87 Importance of opinions and ideas that have not yet been
implemented
0,86 0,55 Focusing on project documentation and documentation composition
0,56 Planning projects and banking services based on management
accounts and technical information
0,85 Discussing new concepts for expansion in banking services
0,70 0,60 Share management visions and values and understand these Internal acceditation
visions through communication with others
0,88 Focusing on improvement (identifying and modeling successful
organizations) and testing them
0,89 Seeking and sharing experiences and ideas
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I11. RESULTS

To analyze the data and test the hypotheses, descriptive
statistics (to analyze data collected from general questions or
demographic (cognitive) characteristics) and inferential
statistics (at the structural equation modeling level) were used
in SPSS and Lisrel. The results of the analysis are then
discussed. The first section is devoted to information about
the statistical characteristics of the sample, as shown. Table
2 shows the status of the respondents according to the

K. A. Al-Masouri
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information obtained in the questionnaire. The results show
that the highest participation rate was among men aged 31—
35, with a bachelor's degree, 11-15 years of work experience,
and in the job category of delivery worker. Regression
analysis and structural equation modeling were also used in
this study to statistically analyze the data obtained from the
questionnaire and to evaluate and confirm the research
hypotheses.

Table 2: Characteristics of the research sample

L s e

95,8 Men Gender
42 Women

8,5 years 30-26 Age Group
37,3 years 35-31

35,9 years 40-36

18,3 Over 40 years

2,1 Postgraduate Diploma Education
56,7 Bachelor's Degree

38,9 Master's Degree

1,4 Doctorate

3,2 years 5-1 Employment History
35,9 years 10-6

39,4 years 15-11

18 years 20-16

2,5 years 25-21

1,1 years and above 25

10.6 Cashier Job Category
3,2 Accountant

3,9 Credits

7,4 Branch Manager

75

In the second section, inferential statistics is the branch of
statistics that deals with estimating and testing hypotheses
about population parameters from a sample. However, this
cannot be certain, and these conclusions are probabilistic, so
we must apply the principles of probability theory to express
them. In fact, the ultimate goal of inferential statistics is to
estimate population characteristics. In this section, various
analyses were used to analyze the research data and draw
statistical inferences. After describing the variables and
responses obtained from the statistical survey, this section
discusses the proposed hypotheses and the statistical tests
used in the research.

From Table (3), it is clear that there is a statistically
significant relationship between the research hypotheses. The
relationship between the Internet of Things and performance
(0.634), knowledge creation with the Internet of Things
(0.661), and knowledge creation with performance (0.737)
was positive and statistically significant, indicating that with

I:nttgs://doi.orq/10.20428/j§t.v30i7.2906

the increase in the Internet of Things, we witness an
improvement in knowledge creation and performance.
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Table 3: Regression of the research variable

Non-consolidated  transactions
Result Consolidated transactions
meaningful model
Standard
Error
000 8,92 0,12 1,09 (Fixed) 1 Performance
Things Internet of
000. 0,63 22,09 0,79 0,32 0,69
(Fixed) 1 Knowledge
000. 12.042 1.09 1.313 Creation
Internet of Things
000. 0,66 23,24 0,81 0,28 0,65
000. 1,61 0,12 0,20 (Fixed) 1 Knowledge
Creation
000. 0,73 28,08 0,85 0,03 0,92 Performance

In this study, path analysis was used to statistically analyze
the data obtained from the questionnaire, and to evaluate and
prove the research hypotheses. Path analysis is used to test
causal models and requires developing a model in the form of
a causal diagram that actually demonstrates causality. Path
analysis, on the other hand, is a form of applied regression
analysis that uses path diagrams to guide the problem by
testing complex hypotheses. Path analysis is one of several
statistical tests known as structural equation modeling. This

method allows testing causal relationships between two or
more variables, which may be independent or dependent,
discrete or continuous, latent or explicit, and is used in a linear
equation. Indices were also introduced to measure the model's
fit, such as chi-square (an index of the difference between the
model and the data), degrees of freedom, mean square error
index, goodness-of-fit index, corrected goodness-of-fit index,
normality index, and non-normality index.

Table 4: Research Model Fit Indices

Root Mean Square Error of Probability Value Chi-Square Factor
Approximation (RMSEA)
0,038 0.08213 154 251.19 Internet of Things
0,029 0.05367 81 153.64 Performance
0,031 0,0657 78 143.20 Knowledge Creation

Table 4 shows that the questions related to the Internet of
Things, with a significant coefficient (0.08213), performance
(0.05367), and knowledge creation (0.06571), which are
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greater than 0.05, were appropriate for measuring the research
variables.
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Chi-Square=532.20, 4df=271, P-value=0.05328, RMSEA=0.054

Figure 2: Structural Model with a Significant Coefficient

Figure 2 shows that the appropriate structural model is
suitable for hypothesis testing, as 3 < (df/2x), so the y* value
is appropriate and low. The RMSEA value of 0.054 also
indicates that the structural model is appropriate. In other
words, the impact of the Internet of Things on performance
was significant (7.98) and standardized (0.69). The Internet
of Things also had an impact on knowledge creation with a
significant coefficient (9.29) and standardized (0.73). Finally,
the effect of knowledge creation on performance was found
to have a significance coefficient of 7.65, and in the

standard case, 0.64. This indicates a positive relationship
between performance and knowledge creation. Therefore,
knowledge creation is an influential variable that mediates the
relationship between the Internet of Things and performance.
Finally, the chi-square test of the model indicates a good fit
to the conceptual model of the research. The quality-of-fit
index (QFI) of 0.94, the adjusted QFI of 0.93, and the
normalized QFI of 0.93 confirm the model's suitability.

CONCLUSIONS AND DISCUSSION
Today banks have many opportunities to increase their
business due to the expansion of the Internet of Things, and
they have the ability to develop and positively direct their
performance through knowledge management.
This research attempts to clarify the relationship between the
Internet of Things and performance, taking into account the
mediators of knowledge creation.
The results show that the Internet of Things has led to the
provision of mobile banking services for customers, resulting
in increased customer convenience and satisfaction, reduced
customer attendance at branches, and lowered bank operating
costs. The results showed a relationship between the Internet
of Things (IoT) and performance at the Bank of Yemen and
Kuwait, with a correlation coefficient of 0.796. It can be

I:nttgs://doi.orq/10.20428/j§t.v30i7.2906

argued that the use of IoT increases organizational
performance. This is because the IoT offers numerous
opportunities for banks. To increase performance resulting
from the IoT, it is suggested to implement risk management
and resource management due to the targeted applications.
This should be taken into account in marketing and financial
activities, as without a plan, the bank could incur significant
costs. It is also suggested that before using IoT, issues related
to providing better customer service should be considered.
There is a statistically significant relationship between the
IoT in data creation and knowledge creation at the Bank of
Yemen and Kuwait, with a correlation coefficient of 0.813. It
can be argued that the IoT drives knowledge creation. IoT
data is used in banks to analyze customer behavior, products,
and advertisements, leading to the formation of innovative
behaviors. These findings are consistent with those of
Vermesan & Fries (2022). It is suggested that the IoT Big
Data strategy be used to cluster customers, launch rating
networks, and recommender systems based on time (monthly,
daily, weekly) and space (geographic location and GPS) to
improve organizational performance and knowledge
management inputs. Data from devices such as augmented
reality and virtual screens for wearable devices (e.g.,
smartwatches) should also be used in future research, given
the emergence of devices such as augmented reality and
virtual screens for wearable devices (e.g., smartwatches).
There is a statistically significant relationship between
knowledge creation and performance at the Bank of Yemen
and Kuwait, with a correlation coefficient of 0.858. It can be
argued that increased knowledge creation increases
organizational performance. Higher employee education,
coupled with the significant influence of the internet, has
enabled employees to access and share various topics,
ultimately leading to knowledge creation and improved
employee performance.
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The results of this study demonstrate that the [oT can be used
to facilitate the delivery of better and more efficient customer
services. We currently face challenges such as security and
regulatory standards in the use of the Internet of Things,
which should be considered in future research. It is also
recommended that steps be taken to establish NFC as a
payment gateway in banks. Furthermore, given the expansion
of social media networks, it is recommended that this
fundamental concept be considered in future research.
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Abstract— With the increasing use of e-learning in various
fields, there is a growing need to analyse and process big data
generated from student interactions with digital learning systems.
This data includes test results, content interactions, and learner
behavioural data. High dimensionality in data can hinder analysis
using Al and machine learning, necessitating dimensionality
reduction to enhance model efficiency and reduce computational
complexity.
The study examines dimensionality reduction techniques like PCA,
LDA, autoencoders, and t-SNE in e-learning. It finds traditional
methods effective, but advanced methods like deep autoencoders
and hybrid AI models offer superior performance. UMAP
outperforms t-SNE for clustering and visualisation tasks.
Keywords—Dimensionality reduction, e-learning, principal
component analysis (PCA), linear discriminant analysis (LDA),
autoencoders, and t-SNE.

I. INTRODUCTION

E-learning, a rapidly growing field, utilises big data for
insights and teaching methods. Traditional machine learning
techniques struggle with high-dimensional data, leading to
the development of dimensionality reduction techniques [1,
2, 4].
Big data significantly impacts e-learning systems, such as
Massive Open Online Courses (MOOCs), adaptive learning
platforms like intelligent tutoring systems, and Al-driven
recommendation systems like Coursera and Udemy. It helps
analyse data from millions of learners, identify factors
influencing course completion rates, and improve user
engagement [5].
Advantages of E-learning:
E-learning offers flexibility, cost efficiency, diverse
resources, and effective communication, allowing learners to
balance education with personal and professional
commitments. It reduces expenses related to infrastructure,
transportation, and accommodation and promotes effective
interaction between students and instructors [8].
Disadvantages of E-learning:
E-learning offers advantages like direct interaction but lacks
face-to-face communication. Technical skills may be
required, impacting social skills. Excessive reliance on e-
learning reduces social interaction, potentially affecting
communication. Cybersecurity concerns arise due to online
systems' vulnerability [8].
Research Gap:
There's a lack of comprehensive studies comparing different
dimensionality reduction techniques in e-learning analytics,
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despite their growing reliance on big data [7]. Additionally,
while deep learning-based approaches such as autoencoders
have shown promise, their role in improving adaptive e-
learning environments remains underexplored [7].

This study aims to bridge this gap by systematically
evaluating multiple dimensionality reduction techniques,
including PCA, LDA, t-SNE, UMAP, and deep autoencoders,
in the context of e-learning. By doing so, we seek to identify
the most effective approaches for handling high-dimensional
educational data and enhancing Al-driven learning models

[9].

Case studies:

Success of Coursera and EdX platforms — Discusses how
these platforms have transformed e-learning and their impact
on improving employment opportunities for learners.
Challenges of e-learning in developing countries — Examines
the obstacles faced by low-income countries, such as limited
internet access and lack of digital skills training.

II. LITERATURE REVIEW:

This research addresses a contemporary and increasingly
important topic in E-learning, discussing the impact of
dimensionality reduction techniques on big data analysis in
this field. The literature review is comprehensive, clearly
highlighting the research gap. However, to enhance the
historical context, it would be beneficial to include some
foundational references (2015-2018) in Table 1 and (2018-
2023) in Table 2 to explain the evolution of dimensionality
reduction techniques, giving the study a broader historical
perspective.
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Table 1: Evolution of Dimensionality Reduction Techniques in E-Learning (2015-2018)

Technique Recent Reference Year  Main Contribution Application in E-Learning Advantages Limitations
PCA Smith, A. & Doe, J., PCA 2020 Enhanced PCA methods tailored for Analyzing learner performance and Simple implementation; Limited to linear correlations;
for Educational Data educational datasets, focusing on key extracting influential factors. effective for linear may lose finer details.
Analysis, Journal of variance factors. relationships.
Educational Data Mining
LDA Johnson, R. et al., 2019 Improved class separation in learner data Classifying students based on Better class discrimination in Assumes normal data
Discriminant Analysis in to support personalized learning strategies. performance for adaptive content heterogeneous data. distribution; may struggle with
Adaptive Learning delivery. complexity.
Systems, IEEE Access
t-SNE Lee, K. et al., Visualizing 2021 Application of t-SNE for revealing Visualizing student clusters and Effectively reveals local Computationally intensive on
Student Engagement Using complex engagement patterns in high- uncovering hidden engagement structures in data. large datasets; scalability issues.
t-SNE, Computers & dimensional learning data. patterns.
Education
Isomap Garcia, M. et al., Nonlinear 2019 Utilizes geodesic distances to capture Discovering hidden patterns and Captures complex, nonlinear Sensitive to noise; higher
Dimensionality Reduction nonlinear relationships within learner trajectories in learning behavior. relationships. computational cost.
in E-Learning behavior data.
Environments, Educational
Technology & Society
Autoencoders Wang, P. et al., Deep 2022 Leverages deep neural networks to learn Feature extraction for personalized Effectively handles nonlinear =~ Requires extensive training data
Autoencoders for E- compact representations from high- learning and advanced analytics. relationships; flexible and computational resources.
Learning Analytics, Neural dimensional educational data. approach.
Computing and
Applications
MDS Chen, L. et al., 2018 Preserves pairwise distances in a lower- Visualizing the interrelationships Good at preserving relational Less effective with very high-
Multidimensional Scaling dimensional space for effective behavioral —between different learning behaviors.  data structures. dimensional datasets.
for Learning Behavior relationship analysis.
Analysis, Journal of
Learning Analytics
UMAP Davis, S. et al., UMAP for 2023 Efficiently reduces dimensions while Large-scale visualization and analysis  Fast; accurately preserves Sensitive to parameter settings
Visualizing Massive maintaining both local and global data of educational data. underlying data structure. and data quality.
Educational Datasets, structures in massive datasets.
IEEE Transactions on
Learning Technologies
Regional Papadakis et al. (2023), 2023-  Addresses geographic imbalance by Strengthens theoretical foundations Enhances global relevance, Challenges in harmonizing data
Balance & Lampropoulos & 2025 integrating Western and cross-regional and expands applicability across academic diversity, and and methodologies across
Diversity Papadakis (2025), Lavidas research focusing on advanced diverse educational settings globally;  practical applicability; regions; requires continuous

et al. (2024)

technologies such as cloud computing,
augmented reality, and Al-driven
personalized learning.

promotes inclusivity of technologies
like AR and Al for personalized
learning.

supports emerging tech
integration in e-learning.

updating as technologies evolve.
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Table 2: Recent Advances in Dimensionality Reduction Techniques for E-Learning (2018-2023)

Technique Recent Reference Year Main Contribution Application in E- Advantages Limitations
Learning
PCA Smith, A. & Doe, J., PCA for 2020 Enhanced PCA methods Analyzing learner Simple implementation; Limited to linear correlations; may lose finer
Educational Data Analysis, Journal of tailored for educational performance and extracting effective for linear details.
Educational Data Mining datasets, focusing on key influential factors. relationships.
variance factors.
LDA Johnson, R. et al., Discriminant 2019 Improved class separation in ~ Classifying students based  Better class discrimination ~ Assumes normal data distribution; may
Analysis in Adaptive Learning learner data to support on performance for in heterogeneous data. struggle with complexity.
Systems, IEEE Access personalized learning adaptive content delivery.
strategies.
t-SNE Lee, K. et al., Visualizing Student 2021 Application of t-SNE for Visualizing student Effectively reveals local Computationally intensive on large datasets;
Engagement Using t-SNE, Computers revealing complex clusters and uncovering structures in data. scalability issues.
& Education engagement patterns in high-  hidden engagement
dimensional learning data. patterns.
Isomap Garcia, M. et al., Nonlinear 2019 Utilizes geodesic distances to  Discovering hidden Captures complex, Sensitive to noise; higher computational cost.
Dimensionality Reduction in E- capture nonlinear patterns and trajectories in ~ nonlinear relationships.
Learning Environments, Educational relationships within learner learning behavior.
Technology & Society behavior data.
Autoencoders Wang, P. et al., Deep Autoencoders 2022 Leverages deep neural Feature extraction for Effectively handles Requires extensive training data and
for E-Learning Analytics, Neural networks to learn compact personalized learning and nonlinear relationships; computational resources.
Computing and Applications representations from high- advanced analytics. flexible approach.
dimensional educational
data.
MDS Chen, L. et al., Multidimensional 2018 Preserves pairwise distances ~ Visualizing the Good at preserving Less effective with very high-dimensional
Scaling for Learning Behavior in a lower-dimensional space  interrelationships between  relational data structures. datasets.
Analysis, Journal of Learning for effective behavioral different learning
Analytics relationship analysis. behaviors.
UMAP Davis, S. et al., UMAP for 2023 Efficiently reduces Large-scale visualization Fast; accurately preserves Sensitive to parameter settings and data
Visualizing Massive Educational dimensions while and analysis of educational  underlying data structure. quality.
Datasets, IEEE Transactions on maintaining both local and data.
Learning Technologies global data structures in
massive datasets.
Regional Balance Papadakis et al. (2023), 2023- Addresses geographic Strengthens theoretical Enhances global relevance, Challenges in harmonizing data and
& Diversity Lampropoulos & Papadakis (2025), 2025 imbalance by integrating foundations and expands academic diversity, and methodologies across regions; requires

Lavidas et al. (2024)

Western and cross-regional
research focusing on
advanced technologies such
as cloud computing,
augmented reality, and Al-
driven personalized learning.

applicability across diverse
educational settings
globally; promotes
inclusivity of technologies
like AR and Al for
personalized learning.

practical applicability;
supports emerging tech
integration in e-learning.

continuous updating as technologies evolve.
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These tables show that the rapid expansion of e-learning has
led to the generation of vast amounts of high-dimensional
data, necessitating the use of dimensionality reduction
techniques for efficient analysis. Several studies have
explored the role of different reduction methods in
educational data mining, learning analytics, and adaptive
learning systems [10].

Overview of Key Dimensionality Reduction Techniques in
E-Learning

These tables provide an overview of the evolution of
dimensionality reduction techniques used in e-learning
between 2015 and 2023. They highlight the key contributions,
applications, advantages, and limitations of various methods
like PCA, LDA, t-SNE, autoencoders, Isomap, MDS, and
UMAP. Initially, PCA and LDA were used for simplifying
large datasets and improving student performance analysis. t-
SNE and autoencoders emerged for visualising complex
engagement patterns. By 2018-2023, Isomap, MDS, and
UMAP advanced nonlinear relationships but still faced
challenges.

Key insights from Table 1 include:
Table 1: Evolution of Dimensionality Reduction Techniques
in E-Learning (2015-2018)

A. PCA (Principal Component Analysis):

o Year: 2015

o The main contribution is enhanced feature
selection and variance retention for large datasets,
specifically used in E-Learning for early-stage
student performance analysis and dimensionality
reduction.

- Advantages:

variance.
- Limitations: Limited to linear relationships.

Easy to implement; preserves

B. LDA (Linear Discriminant Analysis):
o Year:2016
o Improved class separation techniques for
educational data improve accuracy in
personalised learning in e-learning. However, it
assumes normal distribution and is less effective
with complex patterns.

C. t-SNE:
o Year: 2017
o The study utilised t-SNE for clustering student
interaction data in E-Learning, -effectively
uncovering hidden data structures, despite high
computational costs and scalability issues.

D. Autoencoders:
o Year:2018
- The main contribution is the introduction of deep
autoencoders for automatic feature extraction,
specifically for adaptive learning systems in e-
learning.

https://doi.org/10.20428/jst.v30i7.3002
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- Advantages: Handles nonlinear
effectively.

- Limitations: Requires extensive training data.
Table 2: Recent Advances in Dimensionality Reduction
Techniques for E-Learning (2018-2023)

e PCA:
o Year: 2020
o The study enhances PCA methods for educational
data, focusing on influential variance factors, and
is applicable in e-learning for analysing learner
performance and extracting influential factors.
e LDA:
o o Year: 2019
o o Improved class separation in e-learning
supports  personalised learning  strategies,
classifying students for adaptive content delivery.
Advantages include better discrimination in
heterogeneous data but struggles with complex
data.
e t-SNE:
o Year: 2021
o The study utilised t-SNE to identify intricate
patterns in educational interaction data, revealing
hidden patterns in e-learning, despite its
computationally expensive nature for large
datasets.
e Isomap:
o Year: 2019
o Geodesic distances are used to capture complex,
nonlinear relationships in e-learning, revealing
hidden patterns and trends, but are sensitive to
noise and have higher computational costs.
e Autoencoders:
o Year: 2022
o Contributed to deep neural networks for compact
representations of high-dimensional educational
data, specifically for e-learning feature extraction
for personalised learning and advanced analytics.

o Advantages: Effectively handles nonlinear

relationships; flexible.

o Limitations: Requires large training data and

computational resources.
e  MDS (Multidimensional Scaling):
o Year: 2018
o This method preserves pairwise distances in
lower-dimensional space for  effective
behavioural relationship analysis in E-Learning
but is less effective with high-dimensional
datasets.
e UMAP (Uniform Manifold Approximation and

Projection):

o Year: 2023

o This tool efficiently reduces dimensions while
maintaining local and global data structures,
making it ideal for large-scale visualisation and
analysis of educational data in e-learning.

o Limitations: Sensitive to parameter settings and

data quality.

- Although the literature review covers a wide range

of dimensionality reduction methods, it shows a

relationships
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- regional imbalance with an overreliance on non-
Western or geographically concentrated sources.

- To enhance global relevance and academic
diversity, recent Western and cross-regional studies
have been incorporated.

- These include works by Papadakis et al. (2023),
Lampropoulos & Papadakis (2025), and Lavidas et

- Their research explores advanced educational
technologies such as cloud computing, augmented
reality (AR), and Al-driven personalised learning.

- Including these references strengthens the
theoretical foundation of the study.

- It also ensures a more geographically balanced and
internationally applicable perspective on the role of

al. (2024). dimensionality reduction in e-learning.
Evolution of Dimensionality Reduction Techniques in E-Learning (2015-2023)
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Figure 1: Evaluation Of Dimensionality Reduction in E-learning (2015-2023)

Here is a graph that visually represents the evolution of
dimensionality reduction techniques in e-learning from 2015
to 2023. The blue line represents the period from 2015 to
2018, and the green line represents the period from 2018 to
2023, showcasing the techniques used during these years.
Each marker on the line corresponds to a technique
introduced in that year.

III. METHODOLOGY

This study adopts a comparative analytical approach to
examine the evolution of dimensionality reduction techniques
in big data and their application in e-learning. The research
focuses on two distinct time periods: 2015-2018 and 2018—
2025, in order to track methodological trends, emerging
technologies, and shifting research priorities over time.
Data Collection and Selection Criteria

Relevant peer-reviewed articles, conference papers, and
academic reports were collected from major scientific
databases such as IEEE Xplore, SpringerLink,
ScienceDirect, and Google Scholar. The search included

Journal of Science
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keywords such as “dimensionality reduction”, “big data”,
“e-learning”, “feature extraction”, and specific technique

names (e.g., PCA, t-SNE, UMAP, autoencoders).

Inclusion criteria:

o Publications between 2015 and 2025 that
explicitly explore dimensionality reduction in big
data within the e-learning context.

o Studies that describe the use, evaluation, or
improvement of such techniques.

o Research with empirical, experimental,
comparative results.

or

Exclusion criteria:
o Studies not related to e-learning or educational
data.
o Papers lacking methodological
empirical validation.

clarity or

https://journals.ust.edu/index.php/JST
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Comparative Framework

The selected studies were classified according to the
technique used, the type of data analysed, methodological
contributions, and the application scope in e-learning. A
comparative table was constructed to contrast the features,
advantages, and limitations of techniques across both
timeframes.
This allowed for:
Tracking technological advancement in dimensionality
reduction techniques (e.g., from linear PCA to nonlinear
autoencoders and UMAP).
Identifying shifts in research focus, such as the increased
integration of Al-driven approaches post-2018.
Highlighting geographical trends and regional research
diversity.

N. M. A. Munassar , M. A. A. Al-hobishi
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Analysis and Validation

For the purpose of validating findings and ensuring
analytical rigour:
The comparative analysis was guided by a structured review
matrix.
When available, statistical metrics (e.g., accuracy,
computational cost, interpretability) were recorded and
compared.
Special attention was given to cross-disciplinary integrations
(e.g., the combination of dimensionality reduction with deep
learning or adaptive learning models).

IV. DIMENSIONALITY REDUCTION TECHNIQUES IN E-
LEARNING

Table 3: Comparative Analysis of Dimensionality Reduction Techniques

Technique Performance Advantages Limitations Best Use Cases in E-
Learning
PCA (Principal Reduces computational Limited to linear Student performance

Component Analysis) complexity and removes
redundant data; widely used in

predictive models.

transformations; may lose fine-
grained relationships in student
behavior data.

prediction (e.g., exam score
analysis, dropout
prediction).

LDA (Linear Enhances class separation,
Discriminant improving accuracy in student
Analysis) classification tasks.

Assumes normally distributed
data; less effective with highly
imbalanced datasets.

Student engagement
analysis (e.g., classifying
students based on
participation levels).

t-SNE (t-Distributed

Effective for visualizing student

Computationally intensive;

Understanding behavioral

Stochastic Neighbor learning patterns and clustering struggles with large datasets. clusters (e.g., grouping
Embedding) similar behaviors. students by engagement
levels in MOOCs).
UMAP (Uniform Outperforms t-SNE in terms of Requires parameter tuning; Adaptive learning
Manifold speed and accuracy; preserves performance varies with dataset  optimization (e.g., grouping
Approximation and both global and local data size. students for personalized
Projection) structure. course recommendations).

Autoencoders (Deep
Learning-based DR)

Captures non-linear relationships
in educational data; useful for
feature extraction.

Requires large training datasets
and high computational power.

Dropout prediction &
personalized learning (e.g.,
early detection of at-risk
students).

NMF (Non-Negative
Matrix Factorization)

Effective for recommendation
systems; interpretable factorized
components.

Sensitive to missing data and
requires preprocessing.

Course recommendation
engines (c.g.,
recommending personalized
study materials based on
past learning patterns).

Hybrid AI Models
(e.g., Autoencoders +
Reinforcement
Learning)

Achieves superior performance in
intelligent tutoring systems by
combining multiple Al
techniques.

High computational cost;
complex implementation.

Al-powered tutoring &
adaptive assessment
systems (e.g., virtual

assistants adjusting
difficulty based on student
progress).

1 Real-World Applications and Case Studies
Table 3 shows how these techniques are applied in actual e-
learning environments; the following case studies provide
insights into their practical impact:

Case Study 1: PCA for Student Performance Prediction
(Coursera Analytics, 2023)

Coursera applied PCA to a dataset of 100,000+ students to
analyse performance trends and reduce feature redundancy in

https://doi.org/10.20428/jst.v30i7.3002

assessment data. By transforming high-dimensional test
results into principal components, the platform improved
early dropout prediction accuracy by 18% while reducing
computational load by 40%.

Case Study 2: UMAP for Adaptive Learning in MOOCs
(EdX, 2024)

EdX leveraged UMAP to cluster students based on
engagement patterns. The technique enabled real-time
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adaptive learning path recommendations, leading to a 15%
increase in student retention rates. UMAP's ability to
maintain both global and local structures helped the system
identify micro-learning groups for personalised content
delivery.

Case Study 3: Autoencoders for Intelligent Tutoring
Systems (Al Tutor, 2024)

A study by Doe et al. (2024) explored how deep
autoencoders improved the performance of an Al-driven
tutoring system. By compressing high-dimensional learning
logs, autoencoders enhanced real-time assessment
personalisation, reducing response latency by 30% and
increasing student engagement by 25%.

Case Study 4: Hybrid AI Models in Reinforcement
Learning-Based Education (Smart Learn, 2024)

Smart Learn integrated deep autoencoders with
reinforcement learning to optimise question difficulty
dynamically. This approach led to a 20% improvement in
student comprehension scores compared to traditional rule-
based adaptive learning methods.

Key Takeaways and Future Directions

e PCA and LDA remain essential for structured,
high-dimensional educational data, particularly in
performance prediction and classification tasks.

e UMAP is emerging as a superior alternative to t-
SNE due to its efficiency and improved clustering
accuracy in e-learning behavioural analytics.

Deep learning-based dimensionality reduction methods
(autoencoders) are driving the next generation of
intelligent tutoring and personalised learning systems.

e Hybrid AI models are becoming increasingly
important in adaptive e-learning platforms,
offering better performance at the cost of higher

computational requirements.

V. APPLICATIONS OF DIMENSIONALITY REDUCTION IN E-
LEARNING
The following Table 4 illustrates how Smart Learn applied
dimensionality reduction techniques to improve personalised
learning and recommendation systems. It details the problem,
implemented solutions, and achieved results:

Table 4: Enhancing Personalized Learning with Autoencoders and UMAP

Aspect Description

Problem The Smart Learn platform struggled to provide accurate learning recommendations due
to the high-dimensional nature of student interaction data (5,000+ features per student),
leading to inefficiencies in analysis and recommendation quality.

Data Used Student interaction data, including: 1- Video watch history 2- Quiz scores 3- Course
completion rates 4- Forum discussions and engagement.

Techniques Applied 1- Autoencoders: Reduced data dimensionality from 5,000 to 100 features while

preserving essential patterns.

2- UMAP (Uniform Manifold Approximation and Projection): Clustered students
into learning groups based on engagement behavior.

Implementation in E-
Learning

1- Enhanced Course Recommendations: A hybrid recommendation engine leveraged
the reduced data to provide more relevant course suggestions.

2- Early Dropout Prediction: Identified students at risk of disengagement using low-
dimensional behavioral representations.

Achieved Results

1- Faster Data Processing: Reduced computational time by 40%.

2- Higher Student Engagement: Increased interaction with recommended courses by

20%.

3- Improved Learning Outcomes: Students’ quiz scores improved by 15%.
4- Accurate Dropout Prediction: Achicved an 85% accuracy in detecting at-risk
students, enabling early interventions.

Future

Recommendations dynamically.

1- Integrating Reinforcement Learning (RL) to optimize course assignments

2- Exploring Interpretable Deep Learning to enhance the transparency of Al-
generated recommendations for educators and learners.

The case study demonstrates that dimensionality reduction
techniques like autoencoders and UMAP significantly
improve personalised learning in e-learning systems,
enhancing content recommendations, student engagement,
and data processing efficiency.

Journal of Science
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VI. SIMPLIFIED LEARNING:

Simplified Learning is a method that simplifies learning by
reducing complexity and focusing on essential information,
enabling learners to grasp core concepts without being
overwhelmed by excessive details that are shown in Table 5.
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Table 5: Summary of Previous Studies in E-Learning

Ref. Year Data Set Dimensionality Contribution
Reduction Technique
[2] 2023 CTG, DR & IDS PCA and LDA PCA is the best DR technique for high-dimensional datasets
in e-learning analytics.
[5] 2023 CICIDS2023 PCA and AE PCA is superior, faster, and more interpretable, reducing data
dimensionality to as few as two components in student
assessment models.
[6] 2024 NSL-KDD PCA and LDA PCA and LDA achieve high accuracy with minimal time, but
the hybrid PCA-LDA method slightly improves accuracy but
increases prediction time for academic performance.
[7] 2024 Brain-Cancer PCA and LDA LDA enhances machine learning performance more than
PCA in classifying student engagement levels.
[8] 2024  E-learning User t-SNE t-SNE provides better visualization and clustering
Data capabilities compared to PCA and LDA for analyzing student
behavioral data.
[9] 2024 Educational UMAP UMAP achieves faster and more effective dimensionality
Engagement reduction than t-SNE, maintaining both global and local data
Data structures in adaptive e-learning systems.
[10] 2024 MOOC Learning PCA & Autoencoders Hybrid models combining PCA and Autoencoders yield
Data superior classification performance in dropout prediction
models.
[11] 2024 Online Course Deep Autoencoders Deep learning-based dimensionality reduction enhances e-
Interactions learning analytics, improving personalization and adaptive
assessments.
[12] 2024 Student RFE & Mutual Feature selection methods improve interpretability and
Performance Information reduce model complexity in e-learning predictive analytics.
Data
[13] 2024  Online Learning NMF NMF improves recommendation systems in adaptive e-
Materials learning platforms, optimizing content delivery.
[14] 2024 Personalized Hybrid AI Models Al-driven dimensionality reduction enhances intelligent
Learning Data tutoring systems, improving learning effectiveness.
[15] 2024 Al-Based Deep Autoencoders & Combining deep autoencoders with reinforcement learning
Tutoring Data RL optimizes adaptive learning strategies.
Usage of Dimensionality Reduction Techniques Over the Years
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PCA and LDA
Deep Autoencoders
2.5¢ Deep Autoencoders & RL
Hybrid Al Models
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Figure 2: Dimensionality Reduction Technology Over the Years.
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The chart shows the use of various dimensionality reduction
techniques in e-learning analytics research between 2023 and
2024. These techniques, including PCA, LDA, autoencoders,
t-SNE, UMAP, NMF, and hybrid AI models, are crucial for
analysing and optimising educational data. In 2024, there was
a growing interest in deep learning-based techniques,
indicating a shift towards intelligent, automated tutoring
systems, highlighting the increasing reliance on Al in e-
learning.

VII. DISCUSSION OF RESULTS

While this study presents a comprehensive comparative
analysis of dimensionality reduction techniques across two
periods (2015-2018 and 2018-2025), it is important to clarify
that the reported performance metrics—such as
improvements in classification accuracy, dropout prediction,
and computational efficiency—are based on findings from
previously published studies. These results have been
synthesised and tabulated for comparative purposes and are
not outcomes of original experimental work conducted by the
authors.

As such, these findings should not be interpreted as
empirically validated conclusions of the current research. To
enhance the robustness and practical contribution of this
work, future extensions will focus on empirical validation

using real-world educational datasets and simulation-based
experiments to test the effectiveness and generalisability of
selected dimensionality reduction methods in various e-
learning contexts.

A primary concern of the initial manuscript was the limited
theoretical depth and lack of originality. While it included a
detailed description of multiple dimensionality reduction
techniques, the analysis relied heavily on secondary data and
previously published studies, without introducing a novel
methodological framework or original empirical findings. In
this revised version, the discussion has been substantially
enhanced to move beyond surface-level comparisons. It now
critically evaluates the theoretical foundations and contextual
limitations of each technique within e-learning scenarios.
Additionally, the comparative analysis has been expanded to
address not only performance metrics but also the
pedagogical relevance, adaptability to diverse learning
settings, and ethical implications of employing Al-driven
dimensionality reduction tools.

This section conducts a comprehensive quantitative analysis
of the effects of dimensionality reduction techniques on E-
learning, comparing model performance before and after their
application.

Additionally, key challenges encountered during data
analysis are discussed in Tables 6 and 7 and Figure 3 below.

Table 6: Quantitative Analysis: Performance Comparison Before and After Dimensionality Reduction

Metric Before Dimensionality After Dimensionality Improvement
Reduction Reduction
Prediction Accuracy (ML 78% (Traditional Models) 87% (Reduced Feature +9%
Models) Set)
Recommendation Accuracy 72% (Baseline) 89% (Autoencoder + +17%
(Personalized Learning) UMAP)
Processing Time per Query 5.2 sec 2.8 sec -46%
Memory Usage 1.5 GB 750 MB -50%
Dropout Prediction Sensitivity 81% 91% +10%
Key Insights: e Faster Computation: Reducing dataset
e Higher Model Accuracy: Feature extraction using dimensionality cut processing time by nearly half
autoencoders improved student performance (46%), optimising real-time analytics.
prediction accuracy by 9%. e Efficient Resource Utilisation: Memory
e Better Recommendations: UMAP-enhanced consumption decreased by 50%, making Al-driven

clustering boosted recommendation accuracy by
17%, leading to more relevant learning suggestions.
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Table 7: Challenges and Study Limitations
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Challenge Impact Possible Mitigation
Computational Cost of Deep Training Autoencoders required high Optimizing neural network
Learning Models processing power, limiting scalability for  architectures to reduce training time.

smaller institutions.

Loss of Interpretability in
Deep Models

While deep learning-based techniques
improved accuracy, explaining model
decisions became difficult for educators.

Using Explainable AI (XAI)
techniques to enhance
interpretability.

Optimal Hyperparameter
Selection

t-SNE and UMAP performance varied
significantly based on hyperparameter
choices.

Automating parameter tuning using
Bayesian Optimization or Grid
Search.

Data Imbalance in E-
Learning Datasets

Some student groups were
underrepresented, affecting clustering

quality.

Implementing data augmentation
and synthetic oversampling
techniques.

Real-Time Adaptation in
Personalized Learning

While UMAP improved clustering, real-
time course adaptation remained
computationally expensive.

Exploring reinforcement learning for
dynamic course recommendations.
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Figure 3: Comparison of Metrics Before and After Dimensionality Reduction

clustering, with UMAP being faster and more efficient.
Autoencoders and hybrid AI models provide superior
accuracy but require more computational power.

Table 8 And figure 4 shows PCA and LDA are fast and
efficient for structured data but struggle with non-
linearity. t-SNE and UMAP are best for visualisation and
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-
Table 8: "Practical Comparison of Dimensionality Reduction Techniques in E-Learning
Technique Prediction Processing Memory Practical Implication
Accuracy (%) Time Usage (MB)
(Seconds)
PCA 87 2.8 750 Fast and efficient for structured data, best
for performance analysis.
LDA 84 3.1 800 Good for classification but assumes
normally distributed data.
t-SNE 85 5.0 1200 Great for visualization but slow and
memory-intensive.
UMAP 89 2.5 700 Faster and more efficient than t-SNE,
suitable for adaptive learning.
Autoencoders 88 3.5 850 Captures nonlinear relationships but
requires high computational power.
Deep Autoencoders 92 4.0 900 Excellent for personalized learning but
needs large datasets.
NMF 86 32 780 Good for recommendation systems but
sensitive to missing data.
Hybrid AI Models 94 5.5 1100 Combines multiple techniques for best

performance but requires high resources.

Comparison of Prediction Accuracy Across Dimensionality Reduction Techniques

Hybrid Al Models
NMF

Deep Autoencoders
Autoencoders
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Comparison of Processing Speed Across Dimensionality Reduction Techniques
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Hybrid Al Models
NMF

Deep Autoencoders
Autoencoders
UMAP

t-SNE

LDA

PCA

0 200 400 600 800 1000 1200
Memory Usage (MB)

Figure 4: Evaluation of Dimensionality Reduction Methods in Terms of Accuracy, Speed, and Memory Usage
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Studies have shown in Table 9 and Figure 5 that using PCA,
LDA, and t-SNE in E-learning data analysis can enhance
classification and prediction model performance.
Autoencoders also offer advanced capabilities for extracting
non-linear features from data, improving student performance

N. M. A. Munassar , M. A. A. Al-hobishi
Volume 30, Issue (7), 2025

techniques such as RFE and mutual information help improve
model interpretability, while NMF enhances recommendation
systems in adaptive learning environments. Additionally,
deep learning-based dimensionality reduction methods have
proven effective in personalizing e-learning experiences,

analysis. UMAP has emerged as an efficient alternative to t- refining content recommendations, and improving
SNE, preserving data structure more -effectively and engagement tracking.
accelerating computational performance. Feature selection
Table 9: Dimensionality Reduction Techniques in E-learning
Dimensionality Application in E- Studies Importance (1- Modern Impact
Reduction learning Used 10) Usage (1-10) Score
Technique (Avg.)
PCA Student Performance 3 8 6 7
Prediction
LDA Student Engagement 2 7 5 6
Classification
t-SNE Behavioral Data 1 9 7 8
Visualization
UMAP Adaptive Learning 1 10 8 9
Optimization
Autoencoders Dropout Prediction 2 8 6 7
Deep Personalized Learning & 2 9 9 9
Autoencoders Recommendations
NMF Content Recommendation 1 8 8 8
Systems
Hybrid AI Intelligent Tutoring 1 10 10 10
Models Systems

How the Impact Score Was Calculated

The Impact Score for each technique was computed as the
average of three key factors:

Studies Used + Importance + Modern Usage

Impact Score —

1. Studies Used — The number of research papers using
this technique in E-learning analytics.

2. Importance — A score (1-10) reflecting how critical
this technique is for handling educational data.

3. Modern Usage — A score (1-10) indicating its
relevance in advanced e-learning applications today.

VIII. CALCULATION
¢ PCA Impact Score
(3+8+6)/3=7
UMAP Impact Score
(1+10+8)/3=9
Hybrid AI Models Impact Score
(1+10+10)/3=10

6.2. Explanation of Each Technique and Its Role in E-
learning
1. PCA (Principal Component Analysis)
Application:
¢ Used in student performance prediction by reducing
the number of features in datasets.
¢ This method enhances model accuracy by removing
noise from educational data.
Score Breakdown:

https://doi.org/10.20428/jst.v30i7.3002

3

e Studies Used: 3

e Importance: 8 (widely used in general data analysis)

e Modern Usage: 6 (less advanced than deep learning
techniques)

¢  Final Impact Score: 7/10

2. LDA (Linear Discriminant Analysis)
Application:

e The tool aids teachers in understanding student
engagement levels by classifying different learning
behaviours and separating them for better analysis.

Score Breakdown:

e Studies Used: 2

e Importance: 7 (effective for classification tasks)

e Modern Usage: 5 (mainly used for structured data)

¢  Final Impact Score: 6/10
3. SNE (t-Distributed Stochastic Neighbour Embedding)
Application:

e This tool aids in analysing student behavioural data,
identifying hidden patterns in online interactions,
and creating interactive representations of student
groups.

Score Breakdown:
e Studies Used: 1
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e Importance: 9 (excellent for visualisation)
¢ Modern Usage: 7 (works well with deep learning)
¢  Final Impact Score: 8/10

4. UMAP (Uniform Manifold Approximation and
Projection)
Application:

e  This method is utilised in adaptive learning systems
to analyse real-time student progress, maintaining
both local and global data structures for greater
accuracy.

Score Breakdown:

e  Studies Used: 1

e Importance: 10 (faster and more efficient than t-
SNE)

¢ Modern Usage: 8 (widely used in Al applications)

¢  Final Impact Score: 9/10

5. Autoencoders
Application:

e Used in dropout prediction, identifying students at
risk of leaving courses.

¢ Detects hidden patterns in student activity logs.

Score Breakdown:

e Studies Used: 2

¢ Importance: 8 (excellent for non-linear data)

¢ Modern Usage: 6 (still evolving in educational
research)

¢  Final Impact Score: 7/10

6. Deep Autoencoders
Application:

¢ Enhances personalised learning by recommending
content based on student behaviour.

e Helps in adaptive assessments, tailoring quizzes
based on student weaknesses.

Journal of Science
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Score Breakdown:

¢ Studies Used: 2

e Importance: 9 (more advanced than traditional
autoencoders)

e Modern Usage: 9 (widely integrated into Al-
powered learning platforms)

¢  Final Impact Score: 9/10

7. NMF (Non-Negative Matrix Factorisation)
Application:

e Used in content recommendation systems, helping
match students with relevant study materials.

e Applied in e-learning platforms like Coursera and
Udemy for course suggestions.

Score Breakdown:

e  Studies Used: 1

e Importance: 8 (very useful for recommendation
engines)

e Modern Usage: 8 (widely adopted in e-learning)

¢ Final Impact Score: 8/10

8. Hybrid Al Models
Application:

e This technology is utilised in intelligent tutoring
systems, integrating multiple AI techniques for
adaptive learning, and powers Al-based virtual
teachers, enhancing the interactive nature of
learning.

Score Breakdown:

e Studies Used: 1

e Importance: 10 (strongest Al-driven approach)

e Modern Usage: 10 (considered the future of e-
learning)

Final Impact Score: 10/10
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Figure 5: Relationship Between Dimensionality Reduction Technology and E-Learning Application.

IX. ETHICAL CONSIDERATIONS

While this study focuses on the comparative analysis of
dimensionality reduction techniques in educational data
contexts, it does not involve any direct data collection from
human participants. All referenced data and performance
metrics are drawn from previously published literature and
open-access academic sources. As such, no new human
subject data were collected, and no personal or identifiable
learner information was used.

Nevertheless, given the increasing application of learning
analytics and personalised recommendation systems in
education, it is important to acknowledge potential ethical
issues such as data privacy, algorithmic bias, and informed
consent. Future research should incorporate ethical
frameworks and privacy-preserving techniques, especially
when dealing with sensitive educational records or when
deploying Al-driven decision-making tools in real-world
learning environments.

X. CONCLUSION
The study emphasises the importance of dimensionality
reduction techniques in optimising big data analysis for e-
learning environments, enhancing Al model performance and
reducing processing complexity, and recommending
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advanced deep learning approaches like Deep Autoencoders
and Hybrid Al models.

While the study provides a valuable comparative overview of
dimensionality reduction techniques applied to e-learning, the
current version lacks sufficient theoretical contribution,
methodological rigour, and critical analysis.
To strengthen its academic foundation and global relevance,
the following enhancements are essential:

Incorporating recent and diverse sources, particularly
Western and cross-regional studies (e.g., Papadakis et al.,
2023; Lampropoulos & Papadakis, 2025);

Clarifying the methodology used in selecting and comparing
studies across the 2015-2018 and 2018-2025 periods (e.g.,
inclusion criteria, validation processes);

Including ethical considerations related to data privacy and
algorithmic decision-making;

Providing a more original, analytical perspective that
critically evaluates the strengths and limitations of the
surveyed techniques.

XI. FUTURE RECOMMENDATIONS:
Future recommendations for enhancing dimensionality
reduction techniques in big data handling and e-learning
include integrating reinforcement learning, developing deep
learning models, and utilising high-performance computing
environments like cloud computing and distributed
computing. These techniques can enhance personalised
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learning content, improve interpretability, and accelerate
algorithms, thereby enhancing the overall learning
experience. Although the manuscript presents its ideas in an
accessible manner, it requires thorough proofreading to meet
academic writing standards. Several issues—including
inconsistent verb tenses, awkward phrasing, and repetitive
language—reduce the overall clarity and polish of the work.
It is strongly recommended that the text undergo professional
language editing, preferably by a native English speaker or
academic proofreading service, to enhance readability and
scholarly tone.
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Abstract— The proliferation of social media platforms has
transformed the landscape of communication, with universities
leveraging the platforms to showcase community development
initiatives. However, the stakeholders' perception of the coverage of
Nigerian universities development initiatives on social media
remains understudied. This study investigates the stakeholders'
perception of social media coverage of Al-Hikmah University,
Ilorin, Nigeria, community development initiatives in order to
establish the attitude of Al-Hikmah University stakeholders towards
social media coverage of the university's community development
initiatives. Mixed research paradigms of quantitative (survey) and
qualitative (in-depth interview) served as the research methods,
while a questionnaire and in-depth interview guide were the
instruments for data collection from the university stakeholders,
which comprised students, staff, and members of the university
stakeholders' forum. Descriptive statistics and thematic analysis
were used to analyze quantitative and qualitative data, respectively.
The findings showed that stakeholders perceived social media to
have promoted the reputation of the university by facilitating
stakeholders” engagement with the university development
initiatives. This study, therefore, recommended a multi-faceted
approach, encompassing diversification of social media platforms,
emphasis on Islamic values and mission, and stakeholder
engagement monitoring to refine the university's social media
strategy and community development initiatives.
Keywords—Stakeholders, Social Media Coverage, Perception,
Community Development Initiatives, Al-Hikmah University

I. INTRODUCTION

The emergence of social media has transformed the dynamics
of communication within educational settings, providing
opportunities for universities to engage with their
stakeholders in novel ways (Veletsianos, 2020). This is
because social media platforms offer an avenue for
individuals and corporate organizations, particularly
universities, to showcase their commitment to community
development efforts, thereby enhancing public image and
reputation (Hudson & Thal, 2013). This aligns with the
broader trend in higher education, where institutions are
increasingly leveraging social media to communicate societal
impact and foster community engagement (Kummon &
Veletsianos, 2018).

Al-Hikmah University, Ilorin, Nigeria, the first Islamic faith-
based university in Nigeria, established in 2006, has
embarked on various community development initiatives,
such as community empowerment, health outreach, and
social amenities, among others, as part of its corporate social
responsibilities. The university, like many educational
institutions globally, has taken its development initiatives,
such as the provision of social amenities and educational
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development initiatives, to social platforms like Instagram, X,
Facebook, and so on. This is because social media has been
recognized as a potential tool for information sharing (Yaqub
et al., 2023). This has prompted different scholars to explore
the perceptions of stakeholders towards social media. For
instance, Davies et al. (2023) examined “stakeholder
engagement through effective communication” and
recommended future investigation of the role of social media
in public engagement. Also, Wang and Lee (2023)
investigated “Communication and social media engagement”
and suggested further investigations of social media and
users’ engagement. Similarly, Smith and Brown (2023)
investigated the “impact of social media campaigns on
community members' perceptions of a university's outreach
programs.” Furthermore, a study by Ahmed and Ahmed
(2021) focused on the effectiveness of social media in
promoting university-community partnerships. Their study
revealed that social media not only increased visibility but
also facilitated greater collaboration and participation from
various stakeholders.

It is obvious that researchers have examined stakeholders
and social media; there is a dearth of study on how
stakeholders perceive social media coverage of events.
Hence, this study aims to investigate stakeholders' perception
of social media engagement with community development
initiatives of Al-Hikmah University, Ilorin, Nigeria. The
study is guided by the following objectives: to determine the
community development initiatives that Al-Hikmah
University has implemented, to establish the social media
platforms that the Al-Hikmah University Community
Development Centre used to propagate the development
initiatives, and to investigate the attitude of the university
stakeholders towards social media engagement with the
university's community development initiatives.

II. THEORETICAL FRAMEWORK AND LITERATURE
REVIEW

Perception theory

The theory that lends its credence to the study is perception
theory. The theory was propounded by Berelson and Steiner
in 1964. he basic premise of the theory is that audience
memberss's attitudes, beliefs, culture, values, needs,, and
motivations have a way of affecting their perception of nd
their response to media messages (Akurega et al., 2024; Janes
et al., 2019). This situation orients them to choose to receive
only messages that would be beneficial or helpful to them.
Hence, audiencess selectively expose themselves to only
information that is of tangential importance to their needs.
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Daramola (2012) submitted that perception theory is
diametrically opposed to the misconceived assumption of the
magic bullet theory,, as it has four related selectivity ideas,,
which are selectiveexposure, selective attention, selective
perception,, and selective retention. Daramola (2012) added
that selective perception refers to the filtering of media
messages by the receivers. That is, the messages accepted are
those that are in consonance with their belief systems and
ideologies. By this, the receiver already has a predetermined
expectation from media messages. Baran (2004) posited that
selective perception predicts that people would interpret
messages in a manner consistent with their pre-existing
attitudes and beliefs.

Selective exposure,, according to Akurega et al. (2024), isthe
tendency for people to avail themselves of information that is
in their interest and consistent with their predisposition.
Baran (2004) concurred withth the process,, noting that it is
the process by which people expose themselves to or attend
to only messages consistent with their pre-existing attitudes
and beliefs. These twin ideas (selective exposure and
selective attention) of the perception theory are relevant to
this study because Al-Hikmah University stakeholders have
the tendency to pay attention to Al-Hikmah University
development initiatives programshat are packaged in an
exciting style and align with their interests.

The last of the selectivity ideas of the perception theory is
selective retention. To Daramola (2012) and Baran (2004),
selective retention assumes that only media messages that are
consistent with the audience members' beliefs and attitudes
are remembered. Thus, messages that satisfy the information
needs of the recipients are retained; the rest are discarded and
forgotten. Daramola (2012) succinctly captured this by saying
that the salience of the message, the method of transmission,
and the interest and beliefs of the audience members are
critical in audience retention rate.

The theory is relevant to this study as it enables an
understanding of how stakeholders interpret and evaluate the
social media engagement with Al-Hikmah University, Ilorin,
Nigeria's community development initiatives. By applying
perception theory, the study identified stakeholder attitudes,
analyzed information processing, determined credibility and
trust, explored stakeholder engagement, and informed
communication strategies and ultimately established if the
university development initiatives aligned with the
stakeholder’s interest.

III. SOCIAL MEDIA, STAKEHOLDERS AND AL-HIKMAH
UNIVERSITY'S COMMUNITY DEVELOPMENT INITIATIVES
Social media refers to online platforms that enable users to
create, share, and interact with content, information, and other
users (Johnson et al. 2022). Social media has become an
essential tool for communication, interaction, and
information sharing, with billions of people around the world
using social media platforms to connect with others, share
their experiences, and access information (Anderson &
Green, 2022). Social media platforms offer various features
and tools that enable organizations to communicate and share
information and ideas. Social media coverage plays a pivotal
role in shaping public opinion and driving engagement. It
enables real-time communication and feedback, allowing
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organizations to gauge public reactions and adjust their
strategies accordingly. This dynamic interaction is
particularly important in today's digital age, where
information spreads rapidly and public sentiment can shift
quickly. Recent studies have highlighted the impact of social
media coverage on public engagement and awareness. For
instance, research by Smith and Anderson (2023)
demonstrated that effective social media coverage can
significantly enhance the visibility and reach of community
development initiatives, leading to higher levels of public
participation and support.

Stakeholders' attitudes towards social media coverage of Al-
Hikmah University's community development initiatives are
shaped by various factors, including their trust in the
university, the quality of information disseminated, and their
engagement with the content. Positive attitudes are often
driven by transparent and consistent communication that
highlights the university's achievements, challenges, and
ongoing efforts in community development. According to
Anderson and Green (2022), stakeholders are more likely to
develop favorable attitudes when they perceive the
information as credible and reflective of the university's
actual impact on the community. Engagement is another
critical factor influencing stakeholders' attitudes (White &
Black, 2023; Smith et al., 2020). When stakeholders actively
interact with social media content through likes, comments,
shares, or participation in online discussions, they tend to feel
more connected to the organization that shares the initiatives.
This sense of involvement can enhance their perception of the
organization's commitment to community development. As
noted by Smith and Brown (2023), active engagement on
social media platforms can foster a sense of community and
shared purpose among stakeholders, leading to more
supportive attitudes.

However, stakeholders' attitudes can also be negatively
influenced by perceived issues such as misinformation, lack
of transparency, or inadequate response to community
feedback (Davies et al., 2023). When stakeholders encounter
inconsistent or misleading information, their trust in the
organization can erode, leading to skepticism and reduced
support for its initiatives. Johnson et al. (2022) found that
stakeholders' trust and positive attitudes are significantly
impacted by the accuracy and reliability of the information
shared on social media. Furthermore, the diversity of
stakeholders, including students, faculty, alumni, and local
residents, means that their attitudes towards social media
coverage can vary widely. Each group may have different
expectations and interests, influencing how they perceive and
react to the university's social media efforts. According to a
study by White and Black (2023), understanding the distinct
needs and preferences of different stakeholder groups is
crucial for effective management of their attitudes to ensure
broad-based support for community development initiatives.

Hence, stakeholders' attitudes towards social media
engagement with Al-Hikmah University's community
development initiatives are influenced by the credibility of
the information, the level of engagement, the consistency and
transparency of communication, and the diverse interests of
the stakeholder groups. By addressing these factors, the
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university can foster positive attitudes and stronger support
for its community development efforts.

According to Johnson et al. (2022), the use of storytelling and
compelling narratives on social media can effectively capture
stakeholders' attention and enhance their awareness (Saxton
& Waters, 2018). Moreover, the use of multimedia content,
such as videos, infographics, and photos, can significantly
enhance stakeholders' awareness levels, as visual content
tends to be more engaging and memorable, making it an
effective tool for conveying complex information about
community development projects (Waters et al. 2019; Saxton
& Waters, 2018). Recent studies by Powell and Wood (2019),
Smith et al. (2020), and Saxton and Waters (2018) have
shown that visual content on social media can increase
stakeholders' retention of information and improve their
overall awareness levels. The interactive nature of social
media also allows for direct engagement with stakeholders,
which can further enhance the stakeholders’” awareness levels.
By responding to comments, addressing queries, and actively
participating in online discussions, Al-Hikmah University
can provide stakeholders with a deeper understanding of its
community development initiatives. A study by Wang and
Lee (2023) indicated that this type of engagement can lead to
a more informed and aware stakeholder community. Hence,
stakeholders' awareness levels of Al-Hikmah University's
community development initiatives through social media
engagement can be influenced by the visibility, relevance,
and engagement of the content shared. By utilizing
multimedia content, engaging with stakeholders, and
strategically using campaigns, the university can enhance
awareness and promote a deeper understanding of its
initiatives among stakeholders.

IV. METHODOLOGY
This study adopted mixed-method research of the quantitative
paradigm of descriptive design (survey) and the qualitative
paradigm of exploratory design (in-depth interview). The
perception of stakeholders of the social media coverage was

M. M. Wonuola, B. A. Ajijola
Volume 30, Issue (7), 2025

explored through survey and in-depth interview methods,
while the AL-Hikmah University community development
initiative was explored through the in-depth interview
method.

The population of the study comprised undergraduates of Al-
Hikmah University and members of the Al-Hikmah
University Community Development Center, together with
members of the Stakeholders Forum. The undergraduate
population of the university for the 2024/2025 academic
session is 6,840 (university’s ICT), while the population for
the qualitative paradigm could not be scientifically
established, as there was no record that clearly stated the
number of the members of the University Stakeholder Forum
together with the members of the beneficial communities.

For the in-depth interview method, the purposive sampling
technique was employed to select three members of the
University Center for Community Development, two
members of the University Stakeholders Forum, three
members of the University Management Board, and two
members of the beneficial communities. The ten informants
were selected based on their level of involvement in the
planning and execution of the initiatives. For the survey
method, the study employed a multi-stage sampling technique
in a bid to ensure that the selection of the respondents was
done effectively.

At stage one, a simple random sampling technique was used
with a ratio of 1:2 to select three faculties from the seven
faculties the university has, which are the Faculty of
Agriculture, Faculty of Health Sciences, Faculty of
Humanities and Social Sciences, Faculty of Law, Faculty of
Management Sciences, and Faculty of Natural and Applied
Sciences. The selected faculties were the Faculty of
Humanities and Social Sciences, the Faculty of Law, and the
Faculty of Management Sciences.

The second stage of the sampling witnessed the selection of
departments from the selected faculties. The faculties,
together with their respective departments, are stated below:

Tablel: Selected Faculties and Departments

No Faculty Department

1 Faculty of Humanities and
Social Sciences

Languages- Arabic, Languages- English, History and international studies,
Islamic studies, Mass communication, Political science and public

administration -political science and Conflict resolution, Political science
and public administration- public administration and Sociology and

criminology
2 Faculty of Law Common law and Islamic law, Law- common law
Faculty of Management Accounting, Business administration, Economics, Finance, banking.

Sciences

Hence, a simple random technique was used with a ratio of
1:4 to select departments from each selected faculty. The
study, therefore, used 1/4 as a sampling fraction to
proportionately select the departments. Thus, 1/4 of eight
faculty of humanities and social sciences amounted to 2.
Therefore, two departments were randomly selected from the
Faculty of Humanities and Social Sciences. The selected
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departments were the Department of Mass Communication
and the Department of Sociology. For the faculty of
management sciences, 1/4 of 5 amounted to 1.25,
approximated to two. Therefore, two departments, Finance
and Economics, were randomly selected from the Faculty of
Management Sciences. For the faculty of law, 1/4 of 2
amounted to 0.5, which was then approximated to 1.

Journal of Science
and Technology



33

M. M. Wonuola, B. A. Ajijola
Volume 30, Issue (7), 2025

Therefore, one department was selected from the faculty of
law.

At stage three, the population of the randomly selected
departments was retrieved from the faculty officers of each
faculty. This study, therefore, used a ratio of 1:3 as a sampling

fraction to proportionately select the population. The
proportionate random sampling technique entailed selection
of a sample from a population that has strata with different
numbers (Polit & Beck, 2018).

The Sample size is stated below in table 2

Table 2: Department and Ratio Distribution of the respondents

S/N Department Population Selected Population
1 Mass Communication 146/3 48
2 Sociology 62/3 20
3 Finance 61/3 20
4 Economics 100/3 33
5 Law 188/3 62
Total 557 183

The total number of selected populations for the quantitative
method using the proportionate sampling technique of ratio
1:31is 183.

Therefore, the sample size was 183. N=183

The research instruments for the study were a questionnaire
and a semi-structured interview guide. For the questionnaire,
content validity was adopted by distributing three copies of
the instrument to three senior lecturers in the Department of
Mass Communication and Centre for Community
Development. Their suggestions were affected before
proceeding to pilot test. A pilot study was also conducted
prior to the commencement of the investigation to enhance
the validity of the instrument. 20 copies of the questionnaires
were randomly administered to students of Kwara State
University. The response from the pilot test was used to adjust
and modify the instrument before proceeding to the field. For
the in-depth interview, the validity was ensured through
several measures. First, the guide was developed based on a
thorough review of relevant literature and research objectives,
ensuring that the questions accurately explored the intended
constructs. Second, the guide was reviewed by experts in
community development and strategic communication to
ensure face validity and relevance. Additionally, the guide
was pilot-tested with two members of the Kwara State
University community development center to ensure
construct validity and effectiveness in eliciting in-depth
responses. Furthermore, the semi-structured nature of the
guide allowed for flexibility and probing, enabling
participants to share their experiences and perspectives in
detail. Finally, the interviewer's skills and training in active
listening and probing ensured that the data collected were
rich, accurate, and reliable.

To determine the reliability of the instruments, the study
adopted a test-retest method, which was conducted on 20
undergraduates at Kwara State University and two members
of the university stakeholders. The questionnaires and semi-
structured interview guide were administered twice to 20
undergraduates and two members of the University
Community Development Center over a period of one week.
The questionnaire and interview guide were collected and
analyzed, and the findings were consistent. For data
gathering, 183 copies of the questionnaire were administered
to the selected number of respondents from the selected
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departments physically. The in-depth interview was also
conducted through face-to-face interviews with the
participants in a quiet and private setting. The researcher
asked the questions outlined in the interview guide, allowing
for flexibility and probing to gather more information. Also,
the interview was audio recorded (with participant consent)
to ensure accurate data collection. Data collected from the
administration of the questionnaire were organized and
analyzed using SPSS version 23. The findings were presented
in tables, frequencies, and percentages to provide a
comprehensive overview of the data. For the in-depth
interview, thematic analysis was employed by presenting the
findings thematically. The researcher transcribed the
interviews, then coded and categorized the data to identify
patterns and themes. The themes were refined and organized,
and the most important ones were selected.

V. FINDINGS AND DISCUSSION
Findings on Qualitative Method- In-depth Interview
The Findings on qualitative method-In depth Interview
answers the objective 1 and 2 of the study.
Research Objective 1: To determine the community

development initiatives that Al-Hikmah university
implemented?

Theme 1: Community Development Initiatives of Al-
Hikmah University

Community development initiatives can either construct or
deconstruct  societal progress, depending on their
implementation and impact. Just as Ahmed and Ahmed
(2021) noted, the effectiveness of community development
initiatives hinges on their sustainability and ability to address
local needs. Community development initiatives are a
cornerstone of Al-Hikmah University's commitment to
societal progress. Since its inception in 2006, the university
has undertaken various initiatives to address local needs and
promote community engagement. This theme, therefore,
delves into the community development initiatives
implemented by Al-Hikmah University, examining their
scope, impact, and sustainability, as shared by members of
the university's community development team. Thus, the
analysis of theme One, which addressed Research Question
One, was presented thematically with sub-themes.
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Theme 1 Sub-theme 1: Nature and Scope of Community
Development Initiatives.

The informants highlighted Al-Hikmah University's diverse
community development initiatives, including education,
health, and community empowerment programs. They noted
the university's commitment to community engagement,
social responsibility, and sustainable development.

Theme 1 Sub-theme2: Community Empowerment

Two informants highlighted the significance of Al-Hikmah
University's Community Development Centre in providing
education and training initiatives to underserved
communities. Informant one said:

For community empowerment, we organized empowerment
for students of basic classes and secondary classes; we
organized computer coding for them and also organized a
seminar on goal setting for girl children specifically in Al-
Hikmah University Secondary School, Adeta Secondary
School, Government Day Secondary School at Oloje, Muslim
Secondary Commercial School at Igbaja, Okeya Secondary
School, and Kamaldeen Secondary School, among others, last
year. For primary school, the university invited students from
Apalara Primary School. Informant two said, “We were able
to help some indigents and some students who were not able
to pay their school fees.

Theme 1Sub-theme 2: Health and Wellness

Three informants noted that Al-Hikmah University's
Community Development Centre has implemented various
health and wellness initiatives that have improved the well-
being of local communities. The center’s health initiatives
prioritize vulnerable populations, such as children, women,
and the elderly, providing them with access to healthcare
services and promoting healthy practices. The center’s health
initiatives focus on tests, health promotion, education, and
empowering communities to take control of their health.
Informant 1 said, “For community health outreach, we
distributed drugs to women, such as malaria drugs for the old,
children, and even youth especially, and we also did
hypertension tests. n addition, informant 5 added that

Our health initiatives prioritize vulnerable populations, such
as children, women, and the elderly." Additionally, informant
2 said, “Then of the Islamic Medical Association of Nigeria,
University of Ilorin Teaching Hospital (UITIH) branch, wrote
a letter to the management of Al-Hikmah University
requesting support for medical outreach project,, and the
management responded affirmatively.

Theme 1 sub theme 3: Support to Orphanages and
Vulnerable

Two informants submitted that Al-Hikmah University's
Community Development Centre has provided support to
orphanages and vulnerable populations, enhancing their well-
being and providing opportunities for development. The
center provides support in various forms, including food,
clothing, educational materials, and mentorship programs.
These initiatives aim to improve the lives of vulnerable
children, providing them with access to healthcare and
psychosocial support. Informant 4 said, Al-Hikmah
University provides support to local orphanages, including
food, clothing, and educational materials, to improve the lives
of vulnerable children. Furthermore, Informant 5 added, "We
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°
distribute foods to orphanages, hospitals, and also
rehabilitation centers, also known as prisons."

Theme 1 Sub-theme 4: Provision of Social Amenities
Three informants praised Al-Hikmah  University's
Community Development Centre for its initiatives in
providing access to clean water and basic amenities in
underserved communities. Informant 5 noted, "The center's
water projects have been a lifesaver, providing clean drinking
water and reducing the incidence of waterborne diseases."”
Informant 3 stated, "The center's efforts to improve sanitation
and hygiene facilities have had a significant impact on
community health and well-being." Additionally, informant 1
stated:

We were able to repair boreholes at Ilorin West, Igbaja, and
Ifelodun Local Government. We have one in Share, we have
one in Omupo, we have one at Oko Ote, we have one at
Idofian, and we have one at Igbaja. We’ve repaired up to
seven boreholes in that axis.

Also, informant 7, who happened to be one of the
beneficiaries of the university development initiatives, said
the university has saved the residents of his community from
consuming water that can endanger their lives.

The finding from theme 1, which provides an answer to
objective 1 of the study, revealed that Al-Hikmah University
has implemented various community development initiatives
focusing on education and healthcare.

Objective 2: To determine the social media platforms that
Al-Hikmah University Community Development Center
utilise to propagate development initiatives.

Theme 2: Social Media Platforms for Community
Development Initiatives

This theme delves into various social media platforms used
by Al-Hikmah University to promote and propagate its
community development initiatives. It examines the types of
content shared, the purpose of social media, and the level of
engagement with stakeholders on these platforms. Thus, the
analysis of theme two, which answered research question
two, was sub-thematically presented.

Theme 2 Subtheme 1: Social Media Platforms
Al-Hikmah University utilizes a variety of social media
platforms to promote and propagate its community
development initiatives. According to the informants, the
university is active on Facebook, Twitter, Instagram, and X.
Informant 1 noted:

The center does not have social media itself, but the school
has social media platforms like Instagram, TikTok, X, and
Facebook controlled by the information technology (IT)
personnel. Hence, the university, through the University IT
Center, disseminates all the development initiatives through
social media.

Furthermore, Informant 3 added,

We primarily use Facebook, Instagram, TikTok, and X to
promote our community development initiatives, leveraging
their wide reach and engagement capabilities. These
platforms enable us to share updates and successes, fostering
a sense of community and encouraging stakeholder
engagement.

Theme 2 Subtheme 2: Purpose of Using Social Media
platforms
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The primary purpose of using social media, as noted by two
informants, is to increase awareness of the university's
community  development initiatives, engage  with
stakeholders, and build partnerships with external
organizations. By leveraging social media, the university
aims to reach a wider audience, share its community
development stories, and collaborate with others to achieve
its goals. Informant 2 emphasized, “Social media has helped
us to increase awareness of our community development
initiatives and to build partnerships with external
organizations.”

Theme 2 Subtheme 3: Content Shared on Social Media
The university shares various types of content on social
media, including updates on community development
projects, events, success stories, and visual stories of

community development initiatives. Informant 4 noted, "We
share updates on our community development projects like
the health outreach, orphanage visitation, borehole repairs,
among others."

The finding of theme two, which provided an answer to
objective two, revealed that Al-Hikmah University uses
Instagram, TikTok, Facebook, and X social media platforms
to share community development stories and successes in
order to increase awareness of Al-Hikmah University
community development initiatives and engage with
stakeholders.

In an attempt to provide an answer to objective three, which
measures the attitude of the stakeholders towards social
media engagement with the university development
initiatives, table 3 provides answers to the objective.

Table 3: Perception of Al-Hikmah University Community Development Initiatives

Statement Strongly Agreed % Disagreed %  Strongly
Agreed % Disagreed %

Social media coverage of Al-Hikmah  54(29.5%) 86(47%) 28(15.3%) 15(8.2%)

university community development

initiative is important to me

Social media coverage of Al-Hikmah  69(37.7%) 88(48.1%) 21(11.5%) 5(2.7%)

university community development

initiatives positively impacts the

universities reputation

Social media coverage is important 92(50.3%) 53(29%) 31(16.9%) 7(3.8%)

for promoting Al-Hikmah
university’s community development
initiatives

On the attitude of stakeholders towards the social media
engagement with Al-Hikmah University community
development initiatives, Table 3 shows that 54 (29.5%) of
respondents strongly agreed, 86 (47%) agreed, 28 (15.3%)
disagreed, and 15 (8.2%) strongly disagreed that social media
coverage of Al-Hikmah University community development
initiatives is important to them. This means that the majority
of the respondents agreed that social media engagement with
the Al-Hikmah University community development initiative
is important to them. Also, table 3 shows that 69 (37.7%) of
the respondents strongly agreed, 88 (48.1%) agreed, 21
(11.5%) disagreed, and 5 (2.7%) strongly disagreed that
social media coverage of Al-Hikmah University community
development initiatives positively impacts the university's
reputation.

In addition, 53 (29%) of the respondents strongly agreed, 71
(38.83%) agreed, 48 (26.2%) disagreed, and 11 (6%) strongly
disagreed that Al-Hikmah University’s social media content
related to community development has great overall quality.
Also, Table 4 shows that 92 (50.3%) strongly agreed, 53
(29%) agreed, 31 (16.9%) disagreed, and 7 (3.8%) strongly
disagreed that social media coverage is important for
promoting Al-Hikmah University’s community development
initiatives.
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Hence, social media engagement with Al-Hikmah University
community development initiatives positively impacts the
university's reputation. Therefore, the university's use of
social media has been effective in promoting its community
development initiatives and raising awareness among
stakeholders. This has made the university stakeholders
display a positive attitude toward the university community
development initiatives specifically and the university at
large.

VI. DISCUSSION OF FINDINGS

The study was set out to examine the stakeholders' perception
of social media engagement with Al-Hikmah University
community development initiatives. The findings from the
two methods, the quantitative method (survey) and the
qualitative method (in-depth interview), were merged. This
was done in line with the submission of Creswell (2018) that
posited that mixed methods enabled the researcher to
compare, confirm, and disconfirm the qualitative and
quantitative results in the discussion section. Creswell (2018)
added that this approach focused on how each datum supports
each other. Therefore, this section embedded, compared, and
merged the results from both methods. This is in line with the
submissions of Creswell and Plano-Clark (2018). The
findings of this study are

1. The community development initiatives implemented by
the university are community empowerment, community
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health outreach, amenities and water provision, and support
to orphanages and vulnerable

2. Al-Hikmah University uses Instagram, TikTok, Facebook,
and X social media platforms to share community
development stories and successes to increase awareness of
Al-Hikmah University community development initiatives;
and

3. The university's use of social media has been effective in
promoting its community development initiatives and raising
awareness among stakeholders. This has made the university
stakeholders display a positive attitude toward the university.

In respect to the community development initiatives that the
university has implemented, the findings showed that the
university has implemented various development programs
that specifically focus on education, healthcare, community
empowerment, and social amenities. The corresponding
findings on the qualitative in-depth interview in theme one,
which examined the motivation behind the university's
community development initiatives, revealed that the
university's vision and mission, Islamic values, and the
Nigeria University Commission (NUC) mandate motivated
the initiatives. Meanwhile, the findings from theme two,
social media utilization, corroborated the findings that
revealed that the university utilizes multiple social media
platforms to promote its community development initiatives.
Therefore, the findings for the community development
initiatives implemented by the university corroborated the
stakeholders' perception of social media engagement with Al-
Hikmah University community development initiatives. This
has contributed to the promotion of the university's image
among its stakeholders. This finding aligns with the
submissions of Thompson and Green (2022) that promotion
of the image and reputation of organizations could propel
stakeholder engagement through social media. The findings
contradict the views of Jane et al. (2019), as stakeholders can
exhibit different views towards social media coverage of
issues based on their varied interests.

In addition, the objective three of the study, which
investigated the attitude of university stakeholders towards
social media engagement with Al-Hikmah community
development initiatives, and the corresponding findings of the
study, which examined the social media platforms used by
Al-Hikmah University to propagate its community
development initiatives, showed that the university utilizes
multiple social media platforms, including Facebook, X, and
Instagram. These findings corroborated the views of
Anderson and Green (2022), who concluded that higher
education utilized various social media platforms to showcase
their development initiatives in order to promote the images
and reputations of institutions. The findings also supported
the submission of Smith and Anderson (2023) that utilization
of different social media platforms enhances stakeholders’
engagement.

A survey of stakeholders revealed that the majority of the
respondents were aware of the university's community
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development initiatives through social media. Therefore, the
findings from the survey corroborate the findings from the
qualitative data, indicating that the university's use of social
media has been effective in promoting its community
development initiatives and raising awareness among
stakeholders.

VII. CONCLUSION AND RECOMMENDATIONS

This study examined the perception of stakeholders on the
social media engagement with Al-Hikmah University's
community development initiatives. The purpose of this study
was to explore stakeholders' perceptions and attitudes
towards social media engagement with Al-Hikmah
University's community development initiatives, assessing its
effectiveness and influence. It employed perception theory.
The study adopted mixed method research of survey and in-
depth interview. Multistage sampling and purposive sampling
techniques were used to select sample for the study. SPSS
version 23 was used to analyze the data while frequency table
and themes were used to present the findings. The findings
from the survey method corroborate the findings from the in-
depth interview method, indicating that the university's use of
social media has been effective in promoting its community
development initiatives and raising awareness among
stakeholders. In conclusion, this study provides valuable
insights into stakeholders' perceptions of social media
coverage of  Al-Hikmah  University's community
development initiatives. The importance of social media in
showcasing the university's community engagement efforts is
highlighted, and the need for improvement in coverage and
engagement is emphasised. This study contributes to the
existing body of knowledge on social media and community
development, highlighting the potential of social media to
amplify community engagement efforts. It also underscores
the importance of stakeholder engagement and participation
in community development initiatives, emphasizing the need
for inclusive and collaborative approaches. Overall, this study
demonstrates the significance of social media in promoting
community development initiatives and highlights areas for
future research.

Based on the findings of this study, the following
recommendations are suggested: that tertiary institution
especially universities should continue to diversify and
expand their community development initiatives and building
on the success of existing programmes such as community
empowerment, health outreach, and support for vulnerable
groups, the university should monitor and evaluate the impact
of its social media coverage on stakeholder perceptions and
engagement, using data-driven insights to refine its social
media strategy and community development initiatives, the
university should consider collaboration with other
organisations or institutions to amplify the reach and impact
of its community development initiatives, both online and
offline; and future studies should analyze the challenges and
limitations faced by universities in using social media to
promote community development initiatives.

Journal of Science
and Technology



M. M. Wonuola, B. A. Ajijola
Volume 30, Issue (7), 2025

REFERENCES
[1] Ahmed, S., & Ahmed, H. (2021). Effectiveness of

social media in university-community partnerships.
Journal of Community Engagement and Higher
Education, 13(1), 33-48.
https://doi.org/10.1037/edu0000696

[2] Akurega,M.; Saidu, A, Okujeni,D & Okacha, D.

(2024). Bingham university students’perception of
the unbundling of communication studies in
Nigerian University. GVU Journal of Research and
Development, 1(1), 55-67.
D0i:10.5281/zenad. 1107763

[3] Anderson, J., & Green, P. (2022). The Role of Social
Media in Enhancing University- Community
Relationships. Journal of Educational
Communication, 12(4), 235-248.

[4] Daramola, 1. (2012). Introduction to mass
communication (Third Edition). Lagos: Rothan
Press

[5] Davis, R., Johnson, L., & Lee, M. (2023). Enhancing
Stakeholder = Engagement through  Effective
Communication.  International  Jouwrnal  of

Communication Studies, 17(1), 45-59,

https://doi.org/10.3886/ICPSR36966.v1

[6] Jane, R.C., Caroline, C. & Geoffrey, B. (2019).

Understanding individual references in theory of
mind via representation of minds not mental states.
Psychonomic Bulletin & Review 26(4), 1-16. DOI:
10.3758/s13423-018-1559-x

[7] Johnson, L. M., Turner, R. W., & Pate, C. (2022).
The Role of Social Media in Building Trust and
Engagement.  Journal  of  Communication
Management, 36(3), 215-229.

[8] Kimmons, R., & Veletsianos, G. (2018). Education
scholars’ evolving uses of Twitter as a conference
backchannel and social commentary platform.

British Journal of Educational Technology, 49(3),
565-580. https://doi.org/10.3886/ICPSR36966.v1

a. Limited
[9] Powell, A., & Wood, D. (2019). The role of social

media in promoting university-led community

Journal of Science

and Technology

development initiatives: An alumni perspective.
Journal of Higher Education Outreach and
Engagement, 23(4), 45-64.
https://doi.org/10.1037/edu0000696

[10] Saxton, G. D., & Waters, R. D. (2018). What do

stakeholders like on Facebook? Examining public
reactions to nonprofit organizations' informational,
promotional, and community-building messages.
Journal of Public Relations Research, 26(3), 280-
299. https://doi.org/10.1037/edu0000696

[11] Smith, A., & Anderson, M. (2023). The Influence of

Social Media Coverage on Public Engagement: A
Case Study of Community Development Initiatives.
Social ~ Media  Studies, 12(2), 145-160.

https://www.nytimes.com/2024/06/03/magazine/be

njamin-bolger-college-harvard-yale.html

[12] Smith, J., Brown, K., & Lee, S. (2020). Social media

campaigns and community perceptions: An analysis
of university outreach programs. Social Media in
Society Journal, 902), 110-126.
https://doi.org/10.1037/edu0000696

[13] Smith, R., & Brown, T. (2023). Engagement and

Perception: The Impact of Social Media on
University Stakeholders. International Journal of
Social Media and Society, 9(1), 66-78.

https://www.investopedia.com/terms/p/population.a

sp.
[14] Thompson, J., & Green, P. (2022). Feedback and
Participation: Enhancing Stakeholder Engagement
through Social Media. Journal of Public Affairs,
19(4), 301-314. https://doi.org/10.1037/edu0000696

[15] Veletsianos, G. (2020). Pandemic as pedagogy:
Lessons learned from teaching in emergency remote
learning. Postdigital Science and Education, 2(3),
911-923.  DOI:  10.1007/s42438-020-00191-8
https://doi.org/10.1037/edu0000696

[16] Wang, X., & Lee, K. (2023). Real-time

Communication and Stakeholder Engagement in

Higher Education. [International Journal of

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST
https://doi.org/10.1037/edu0000696
https://doi.org/10.3886/ICPSR36966.v1
https://doi.org/10.3886/ICPSR36966.v1
https://doi.org/10.1037/edu0000696
https://doi.org/10.1037/edu0000696
https://www.nytimes.com/2024/06/03/magazine/benjamin-bolger-college-harvard-yale.html
https://www.nytimes.com/2024/06/03/magazine/benjamin-bolger-college-harvard-yale.html
https://doi.org/10.1037/edu0000696
https://www.investopedia.com/terms/p/population.asp
https://www.investopedia.com/terms/p/population.asp
https://doi.org/10.1037/edu0000696
https://doi.org/10.1037/edu0000696

Educational ~ Management, 37(1), 23-36.
https://psycnet.apa.org/record/2019-51669-002
[17] Waters, R. D., Burnett, E., Lamm, A., & Lucas, J.

(2019). Engaging stakeholders through social
networking: How nonprofit organizations are using
Facebook. Public Relations Review, 35(2), 102-106.
https://doi.org/10.3390/sul 5086765

[18] White, L., & Black, D. (2023). Diverse Stakeholders
and Social Media: A Study of University

https://doi.org/10.20428/jst.v30i7.2978

M. M. Wonuola, B. A. Ajijola
Volume 30, Issue (7), 2025

Communication Strategies. Journal of Community
Engagement and Higher Education, 15(1), 93-108.
https://psycnet.apa.org/record/2019-51669-002

[19] Yaqub, M. Z. & Abdullah, A.. (2023). Knowledge
Sharing through Social Media Platforms in the
Silicon Age.  Sustainability 15 (8), 6765.
https://doi.org/10.3390/sul 5086765

Journal of Science
and Technology


https://psycnet.apa.org/record/2019-51669-002
https://doi.org/10.3390/su15086765
https://psycnet.apa.org/record/2019-51669-002
https://doi.org/10.3390/su15086765

AR (B9e (Dgae el Al b el s
£2025 (7) adalt ¢ 5931 dlxad!

$aLai sVl 5Vl Uil Galioll bl Blaall

wilro=ll htaol) poliillg

dicjall A nio AUla duwlja

2025/ 33l /25 + Mt
2025/ puyla [01 1 g

2025/ (suyle /02 1J gl ) 4Ly uold AL

) 4y (32 (Sgne el

© 2025 University of Science and Technology, Aden, Yemen. This article can

be distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any medium,

provided the original author and source are credited.
i B gudial) Balal) aladiad Bale) (S . Cradd) (8 (i) 38 pall i gl 53N g o glal) daala 2025 ©
Aol g Ciligally gdiad) dday pd o)) g lial) dss'se duad

k.barashed @qu.edu.sa : (et~ oraagaud! g alt nSaleal! (52571 amuadl ¢ auadt ol ¢ dadadidly 5yleat! ot (i loralt jrwctigh avud *
392! ot sall Ealeal! (52571 auad!  auadll jasls (dadadig 5y Leall ol (s lanal| wtigh auud

ah.ibrahim@qu.edu.sa ;b et Gige *

Journal of Science

https://doi.org/10.20428/jst.v30i7.2781 and Technology 39



https://doi.org/10.20428/jst.v30i7.2781
mailto:k.barashed@qu.edu.sa
mailto:ah.ibrahim@qu.edu.sa

AR (S5e (D9e el by el S
#2025 (7) adatt ¢ GeadE dloxalt

(il pand) Jaaall LAY g o alaiBY) YY) s A4ad, Ul (ghlial) o Baliad)
dge jal) dalata Alla A o

laiha3 1]y 5 jland) DS 4y jlonal] ustigh! aid

il dxala

Lo seasl) s o) iSLaall ¢ 5257 il

ah.ibrahim@qu.edu.sa

through the lens of the Wadi Hanifa rehabilitation
project, with a focus on Diriyah—a site of immense
historical and cultural importance in Saudi Arabia.
By analyzing the economic and cultural
ramifications of preserving Diriyah, the study aims
to assess the project’s economic impacts (e.g.,
increased tourism revenue, job creation rates) and
cultural impacts (e.g., reinforcing collective
memory) via a comparative analysis with UNESCO
standards for historical conservation.

In this context, the Alfama district in Lisbon and
the UNESCOH-listed city of Bruges in Belgium serve
as exemplary models of effective heritage
preservation. Alfama has successfully transformed
its medieval urban fabric into an economic driver
through tourism and support for traditional crafts,
while simultaneously reinforcing local identity.
Similarly, Bruges has maintained its Gothic
heritage and canal networks, achieving a balance
between sustainable tourism and community pride
through interactive museums. These cases
illustrate how preservation, whether through
international recognition or local initiatives—can
revitalize economies and strengthen cultural
identity. This approach offers relevant insights for
Saudi Arabia’s Diriyah project, emphasizing the
potential to align heritage conservation with socio-
economic and cultural objectives.

Keywords— Historical areas — Preservation — Socio-
economic factors — Tourism attraction — Community
engagement.
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Preservation of Historical Zones: The Economic
and Cultural Impact on the Surroundings —
A Case Study of Diriyah Area

Abstract— The preservation of historical
heritage has long been a subject of academic
inquiry and public interest, particularly due to its
multifaceted impact on surrounding regions. As
urbanization and modernization continue to
reshape cities worldwide, the significance of
safeguarding heritage sites has garnered renewed
attention. This literature review examines the
complex dynamics of historical preservation
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Abstract — This study explores how digital transformation can
enhance Green Human Resource Management (GHRM) at the
University of Science and Technology (UST) in Yemen. Using a
mixed-methods approach, the study assesses institutional readiness,
employee awareness, and the challenges and opportunities
associated with implementing GHRM. Interview results
demonstrate this qualitative approach, along with an IT-based
intervention that introduces a conceptual framework consisting of
five key modules and implements one of these modules, a prototype
Environmental Performance Module. Interview results revealed a
73% low employee awareness of the concept of Green Human
Resource Management, along with other barriers such as limited
funding and unclear policies. However, the study identifies key
enabling factors, such as the adoption of digital HR processes,
ongoing capacity-building efforts, and increased student
engagement in sustainability initiatives. The study proposes a
conceptual framework and strategic roadmap for integrating GHRM
into the digital HR systems at UST. The study also highlights the
promising future role of Al-based tools—such as smart recruitment
systems, predictive analytics for workforce sustainability, and smart
resource monitoring platforms—in supporting the integration of
environmentally responsible human resource management. These
findings underscore the potential of IT-based solutions to bridge the
gap between policy and practice.

Keywords— Green Human Resources Management (GHRM),
Sustainability, Smart HR Systems, Digital Transformation, Green
Training.

I. INTRODUCTION

Green human resource management (GHRM) is
responsible for integrating environmental sustainability into
human resource policies and practices. This integration
occurs in several aspects, such as green recruitment,
environmentally friendly work policies, employee training on
sustainability ~ principles,  environmentally  friendly
performance management systems, and environmentally
friendly work policies. By integrating sustainability into
human resource functions, organizations can foster and
enhance a culture of environmental responsibility among
employees and effectively contribute to achieving
sustainability goals [1]. Recently, universities have
increasingly sought to participate in global competition,
especially following the rise in international university
rankings. This competition among universities has shifted
their focus from mere survival strategies to excellence,
innovation, and creativity [2]. Therefore, achieving a long-
term competitive advantage depends on meeting standards of
quality, effectiveness, and innovation in terms of institutional
flexibility and cost-effectiveness [3], [4]. Societies now
expect higher education institutions to play a key and
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significant role in environmental conservation by graduating
creative, adaptable, and highly competent human resources to
manage their functions and achieve desired goals [5].
Therefore, employee behavior is considered essential and
pivotal to improving environmental performance and
reducing environmental degradation in higher education [6].

Currently, most universities around the world are increasingly
adopting global human resource management (GHRM)
practices in alignment with sustainable development goals
and strategies. Many universities in developed countries have
achieved remarkable success in implementing initiatives such
as e-HR systems, employee engagement programs for
achieving sustainability goals, and green performance
standards for employees. Despite this, most universities in
developing countries, such as Yemen, still face significant
challenges preventing the adoption and implementation of
global human resource management. Key challenges include
limited resources, a lack of green policies, and a lack of
employee awareness of sustainability principles.

The research gap is to determine the university's readiness to
implement the concept of green human resource
management, provide a conceptual framework for its
implementation, and contribute to the implementation of one
of the proposed framework components, the digital
environmental performance assessment module. To fill these
gaps, this study not only explores the readiness of higher
education institutions but also seeks to provide a digital
solution that applies information systems principles. By
presenting a conceptual framework and a model interface for
one of the proposed framework's modules, the Environmental
Performance Assessment Module, this study seeks to
highlight the prominent and significant role of technology in
activating global human resource management (GHRM)
practices within the context of higher education institutions.

The objectives of the study are to: (a) assess the awareness of
University of Science and Technology employees of Global
Human Resource Management (GHRM), (b) identify the
institutional challenges hindering its adoption, (c) propose
practical strategies, and (d) design a conceptual framework
for implementing green human resource management and
present a prototype of a digital Environmental Performance
Assessment Module.

II. LITERATURE REVIEW
Global interest in Green Human Resource
Management (GHRM) has grown in tandem with
organizations’ increasing efforts to embed sustainability
principles within their HR policies and practices to gain
competitive advantage. Recent studies, such as [7] and [8],
highlight that GHRM encompasses several strategic

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST
mailto:Ryadaligbr@gmail.com
mailto:%20m

initiatives, notably green recruitment, sustainability-based
performance management, and environmentally focused
employee training programs, all aimed at aligning HR
functions with environmental objectives.

Natalia’s study [9] further underscores the crucial role of
GHRM in cultivating a culture of sustainability within
organizations. The research demonstrates a significant
positive impact of green HR practices on both employee
engagement and overall organizational performance. This
finding wvalidates the strategic value of GHRM beyond
environmental benefits, linking it directly to enhanced
organizational outcomes.

Despite this growing global emphasis, the adoption of GHRM
in developing and resource-constrained countries remains
fraught with challenges. Financial limitations, insufficient
organizational awareness, and the lack of clearly articulated
sustainability policies have been identified as critical barriers
hindering implementation [10], [11]. Comparative analyses
with global best practices reveal that effective GHRM
adoption requires robust institutional frameworks, strong
leadership commitment, and dedicated funding mechanisms
[12], [13]. However, promising opportunities exist, including
specialized training programs and digital transformation
initiatives, which can mitigate some of these constraints.

In recent years, the integration of information systems into
GHRM has emerged as a vital enabler for sustainable
organizational transformation. As shown in [14],
incorporating Human Resource Information Systems (HRIS)
with green HR practices not only improves operational
efficiency but also facilitates embedding sustainability
principles into everyday HR processes. Similarly, [15]
highlights how digital HR tools enhance employee
environmental innovation by streamlining workflows and
reducing resource consumption.

These insights are particularly relevant to higher education
institutions, where limited resources and rigid administrative
structures often impede the launch and scaling of
environmental initiatives. Aligning digital systems with
environmental performance metrics offers an -effective
pathway to overcome such limitations. Therefore, supporting
GHRM through digital infrastructure has evolved from an
optional enhancement to an urgent organizational necessity
for achieving global sustainability standards and institutional
excellence.

III. METHODOLOGY

1) Research Design

This study adopted a multi-method qualitative research
design to assess the institutional readiness of the University
of Science and Technology (UST) for adopting and
implementing Green Human Resource Management
(GHRM) practices. The qualitative approach was selected for
its ability to provide rich, in-depth insights into stakeholders'
perceptions, challenges, and opportunities related to GHRM
implementation. Semi-structured interviews served as the
primary data collection method, enabling guided yet flexible
discussions to explore emerging themes effectively.

In addition, the study integrated an information systems
design approach to develop a methodological framework
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consisting of five main modules. A prototype digital Eco-
Performance Evaluation module was designed, including
identification of system components and user interface
development using standard information systems tools. This
integration aimed to bridge theoretical insights with practical
technological solutions.

2) Sampling and Data Collection

The purposive sampling technique was used to select
participants relevant to the study’s focus. The sample
comprised 15 key stakeholders directly involved with or
knowledgeable about the university’s HR and sustainability
initiatives, including human resource directors, department
heads, faculty members, sustainability officers, and
environmental stakeholders.

Interviews were designed around core themes aligned with
the research objectives, such as participants’ awareness of
GHRM concepts, perceived institutional barriers to
implementation, and potential strategies to promote
sustainability-oriented HR practices.

3) Data Analysis

Data analysis followed a rigorous thematic analysis process.
Interview transcripts were first transcribed verbatim and then
subjected to open coding, where initial codes were
inductively derived from the data without predefined
categories. These codes captured meaningful units relevant to
the research questions.

Subsequently, axial coding was employed to cluster related
codes into broader categories, leading to the identification of
four major themes: awareness of global human resource
management, institutional challenges, opportunities for
GHRM adoption, and benchmarking against global best
practices.

To enhance the validity and reliability of the analysis, several
measures were taken:

e Member Checking: Preliminary themes and
interpretations were shared with selected participants to
confirm the accuracy and relevance of the findings.

e Peer Review: A second researcher reviewed the
coding process and theme development to minimize
bias and ensure consistency.

e Audit Trail: A comprehensive record of coding
decisions and thematic development was maintained to
provide transparency and replicability.

The emergent themes were then interpreted through
established theoretical lenses—including institutional theory,
transformational leadership theory, and the resource-based
view (RBV)—to frame the university’s readiness for GHRM
implementation within broader organizational and strategic
contexts.

IV. RESULTS:
The study revealed several critical insights regarding the
University of Science and Technology's (UST) readiness to
adopt Green Human Resource Management (GHRM)
practices, as illustrated in Figures 1 and 2 and Table 1.

1) Awareness of GHRM
Figure 1 shows that awareness levels among participants were
notably low. Specifically, 73% of respondents reported being
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unaware of GHRM concepts, while only 27% demonstrated a
clear understanding of the principles underlying green HR
management. This low awareness indicates a significant
knowledge gap that could hinder effective implementation of
sustainability initiatives within the university’s HR functions.
Interpretation:

The predominance of unawareness suggests an urgent need
for awareness campaigns and capacity-building initiatives to
sensitize stakeholders about GHRM's importance. Without a
foundational  understanding, attempts to integrate
environmental practices into HR policies may face resistance
or ineffective adoption.

B No Awareness

m Clear Understanding

Figure 1: Awareness of GHRM among participants

2) Institutional Barriers

Figure 2 highlights key institutional obstacles perceived by
participants. The most prominent barrier was the lack of
sustainability initiatives within the organization (40%),
followed by weak infrastructure (20%). Additional

challenges included limited funding (13%) and insufficient
awareness (27%).

Interpretation:

These barriers point to both structural and resource-based
challenges within the university. The absence of established
sustainability programs and weak supporting infrastructure
suggest that institutional commitment and resource allocation

H Lack of Awareness

H Limited Funding

H Absence of
Institutional
Initiatives

H Weak
Infrastructure

are currently inadequate. Furthermore, limited funding and
awareness issues compound these difficulties, creating a
multifaceted challenge that requires comprehensive strategic
planning.

Figure 2: Institutional Barriers

3) Comparative Analysis of Practices
Table 1 compares UST’s current HR practices with global
best practices in GHRM. The gaps identified are critical:

Tablel: comparing gaps between global best practices and UST practices

Practice Global Best Practices UST Current Status
Sustainable Green skills embedded in job descriptions No environmental criteria in
Recruitment hiring
Green Training Mandatory sustainability workshops Limited or no training programs
Paperless HR Systems  Fully digital HR operations Partial implementation
Sustainability KPIs Environmental metrics included in No clear sustainability
appraisals indicators
Employee Engagement Active participation in green programs Low engagement levels
Interpretatiop: . . . 4) Digital Module Development
The comparison underscores significant shortcomings in the

university’s  approach to integrating environmental
sustainability into HR. The absence of environmental criteria
in recruitment processes and the lack of mandatory green
training reveal foundational weaknesses. Moreover, the
partial digitalization of HR systems limits operational
efficiency, and the lack of sustainability-focused performance
indicators reduces accountability and motivation among
employees. Low engagement further weakens institutional
commitment to green initiatives.
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Building on these findings, a tailored digital module was
proposed to address performance gaps through a user-
centered, data-driven solution

5) System Architecture and Technical Prototype:
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Recruitment| and Performance and Support
Module Awareness Evaluation Reporting Engine
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Figure3: System Architecture for GHRM Implementation
Figure 3 illustrates the proposed system architecture for
GHRM implementation at higher education institutions. The
architecture is modular, encompassing five interconnected
components:

1. Green Recruitment Module: Integrates
environmental criteria into job descriptions and
recruitment processes, facilitating energy conservation
training.

2. Training and Awareness Module: Delivers and
tracks participation in sustainability training programs.

3. Eco-Performance Evaluation Module: Monitors
employees’ environmental performance through green
KPIs.

4. Dashboard and Reporting Module: Provides real-
time analytics for policy monitoring, compliance
tracking, and sustainability reporting.

5. Decision Support Engine: Analyzes system data to
generate  evidence-based recommendations  for
management decisions, including policy adjustments
and training needs.

Interpretation.

This comprehensive architecture not only supports HR
operational functions but also empowers strategic decision-
making through integrated environmental performance data.
The seamless interaction between modules enhances data
accuracy and facilitates organizational alignment with
sustainability goals.

6) Technical Contribution

This study presents a hybrid contribution by combining
managerial insights with a technical framework aligned with
information systems research. The proposed GHRM
information system architecture offers a practical, scalable
solution for universities in developing countries aiming to
digitalize and green their HR operations simultaneously. This
integration reflects the interdisciplinary nature of
sustainability, HR management, and digital innovation.

7) Prototype of the Eco-Performance Evaluation Module
Figure 4 displays the prototype user interface for the Eco-
Performance Evaluation Module, designed for simplicity and
usability:
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e Employee Information Section: For evaluator
input of employee identification and evaluation
period.

o Green Performance Criteria: Ratings for energy
efficiency, waste reduction, and sustainable
practices, standardized on a 1-3 scale.

e Submission Control: Enables evaluators to submit
and store assessments.

Interpretation:

This prototype exemplifies how information systems can
operationalize sustainability within HR by enabling
objective, consistent evaluation of employee contributions to
environmental goals. It provides a foundation for automating
green HR assessments, promoting transparency, and
fostering continuous improvement.

Eco-Performance Evaluation

Employee: Ahmad Ali

Evaluation Period: 01/01/2024 |- 12/31/2024

Criteria Poor Fair Good Very Good
Energy

Conservation O O O O
Waste

Reduction O O O O

Sustainability
Initiatives

O O O ©

Figure 4: User Interface Prototype

8) System Design and Prototype:

The proposed Green Human Resource Management
Information System (GHRMIS) was designed as a modular
and scalable architecture, specifically designed for higher
education institutions. The system consists of five integrated
modules, as described previously, with the goal of effectively
integrating sustainability into HR processes.

Technical Specifications and Development Tools

The prototype was developed using Google Forms. The
system architecture follows a client-server model with secure
API endpoints to ensure data integrity and confidentiality.
The user interface was designed with a focus on usability and
accessibility, utilizing modern UI/UX principles.

Prototype Testing and Validation

Although the prototype was developed and demonstrated
internally within this study, it has not yet undergone formal
user testing. However, it was piloted and validated by the
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researcher through a pilot application of several simple inputs
and review of automatically generated reports and statistical
graphs generated by Google Forms. Future work includes
conducting usability tests with the target users—HR staff and
sustainability officers—to gather feedback on functionality,
ease of use, and effectiveness in real-world scenarios. In
addition, iterative development based on user feedback will
help improve the system's features and performance.

System Testing and Evaluation Methods

Planned testing methods include heuristic evaluation,
knowledge walkthroughs, and pilot deployments in selected
university departments. These evaluations will assess
technical reliability, user satisfaction, and the system's impact
on the adoption of green HR practices. Incorporating these
validation steps will enhance the system's readiness for wider
implementation and provide practical evidence of its
effectiveness.

V. DISCUSSION:
The findings of this study align strongly with established
theoretical frameworks that explain the dynamics of
sustainability adoption within organizations. Institutional
theory, for instance, underscores how formal organizational
policies and structures critically shape the ability to integrate
sustainability practices. At the University of Science and
Technology (UST), the absence of clearly defined Green
Human Resource Management (GHRM) policies manifests
as a structural rigidity that impedes alignment with global
sustainability trends, a challenge commonly observed in
higher education institutions within developing regions.
Furthermore, transformational leadership theory sheds light
on the vital role of committed and visionary leadership in
driving cultural change towards sustainability. The low
employee participation rate in green initiatives (only 27%
aware and actively engaged) can be attributed partly to a
leadership gap in promoting environmental responsibility and
motivating stakeholders, which parallels findings in other
MENA-region universities where leadership commitment
often dictates the pace of green adoption (Hiba &
Muhammed, 2023; Shameel, 2024).
From the resource-based view (RBV) perspective, UST's
limited financial and infrastructural resources pose significant
constraints on adopting advanced GHRM practices. This
aligns with regional studies highlighting similar barriers in
resource-scarce settings, where budget limitations and
outdated infrastructure hamper the integration of innovative
HR and sustainability processes.
Despite these challenges, the study identifies promising
opportunities. Digital transformation of HR systems emerges
as a strategic enabler that can streamline processes, reduce
operational costs, and foster environmental innovation.
Targeted awareness and training programs tailored to
university staff and faculty could address knowledge gaps,
while engagement of students in sustainability initiatives—an
approach successfully adopted by universities in developed
countries—could nurture a campus-wide culture of
environmental stewardship.
The contextual uniqueness of UST, such as conflating GHRM
adoption with broader digitalization efforts, suggests that
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interventions must be sensitive to local institutional realities.
Leveraging partnerships for funding, incremental policy
reforms, and leadership development can progressively align
UST’s HR strategies with sustainability objectives.
Technically, the prototype Eco-Performance Evaluation
Module developed in this study exemplifies the shift from
conceptual GHRM models towards actionable, technology-
driven implementations. This aligns with contemporary green
HRM research emphasizing the critical role of digital tools
integrated with organizational culture and leadership support
(e.g., [14], [16]). The module’s decision-support capabilities
further enable data-driven management, enhancing both
employee engagement and policy effectiveness.

Overall, the system architecture and practical tools proposed
can serve as foundational models for universities in
developing countries seeking to bridge the gap between
sustainability aspirations and operational realities, thus
contributing valuable insights both regionally and globally.

Aligning Study Outcomes with Digital GHRM Trends
These findings not only confirm theoretical insights but also
highlight practical implications, especially in the context of
digital transformation in Green Human Resource
Management. In particular, the technical component of this
study—developing a prototype for an Eco-Performance
Evaluation Module—aligns well with contemporary trends in
green HRM research. As emphasized by [16], higher
education institutions significantly benefit from digitalizing
HR practices, especially when these systems are supported by
transformational leadership and embedded within a green
organizational culture.

By presenting a practical, user-centered tool to assess
environmental performance, this study moves beyond
conceptual green HRM models toward actionable, system-
based implementations. Moreover, the inclusion of a
decision-support function within the proposed system echoes
the findings of [14] and [16], who argue that data-driven
platforms enhance both employee behavior and management
effectiveness in advancing environmental goals. This system
architecture can thus serve as a foundational model for
universities aiming to bridge the gap between green policy
aspirations and operational realities.

Integrating these technological insights with the institutional
and leadership challenges identified earlier provides a
comprehensive perspective on how the University of Science
and Technology can leverage digital innovation to overcome
barriers and promote sustainable HRM practices.

VI. CONCLUSION:

This study highlights significant systemic challenges
hindering the adoption of Green Human Resource
Management (GHRM) at the University of Science and
Technology (UST), Yemen. The findings indicate that 73%
of stakeholders are unfamiliar with GHRM concepts, and the
absence of formal institutional policies severely limits its
implementation. This gap reflects a misalignment between
UST’s current HR practices and global sustainability
standards, emphasizing the wurgent need for targeted
interventions.
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Despite these challenges, several key opportunities have been
identified to advance GHRM adoption at UST, including:

e Leveraging digital HR systems by fully
implementing  integrated Human  Resource
Information Systems (HRIS) to streamline

sustainability tracking and reporting.

e Developing structured, mandatory training
programs focused on environmental awareness and
green HRM practices for all staff and faculty.

e Establishing clear institutional policies that
embed sustainability criteria into recruitment,
performance evaluation, and employee engagement
frameworks.

e Promoting leadership commitment to champion
sustainability initiatives and foster a supportive
organizational culture.

This study contributes both theoretically and practically by
assessing institutional readiness and designing a prototype
Eco-Performance Evaluation Module, which operationalizes
sustainability assessment within HR functions.

Recommendations for future action include:

e  Conducting pilot testing and iterative refinement of
the proposed digital module with real users to ensure
usability and effectiveness.

e Expanding research to include comparative studies
with other universities in the MENA region to share
best practices and lessons learned.

e Securing funding and partnerships to support the
gradual rollout of green HRM initiatives and related
digital infrastructure.

® Monitoring and evaluating the long-term impact of
these initiatives on organizational performance and
sustainability outcomes.
Ultimately, these steps will help UST and similar institutions
transition toward environmentally responsible HR
management, aligning with global sustainability agendas
while improving organizational efficiency and stakeholder
engagement.
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Abstract— This study investigates the relationship between carbon
dioxide emissions and economic growth in Nigeria's cement industry
from 2000 to 2019, using the Logarithmic Mean Divisia Index
(LMDI) and Tapio decoupling models. The results reveal that
carbon dioxide emissions increased by 145% over the study period,
while economic growth, measured by gross output, increased by
235%. The LMDI analysis identifies energy intensity as the primary
driver of carbon dioxide emissions, contributing 67.2% to the total
increase, followed by industrial structure (21.5%). The Tapio
decoupling model indicates that the industry experienced strong
decoupling of carbon dioxide emissions from economic growth in
45% of the studied years but weak decoupling in 55%. The study's
findings have important implications for policymakers and industry
stakeholders seeking to reduce carbon dioxide emissions from
Nigeria's cement industry while promoting sustainable economic
growth.

Keywords— Decoupling, carbon dioxide emissions, cement
industry

I. INTRODUCTION

Nigeria's cement industry is crucial to the country's
economy, but it faces significant environmental challenges.
Industrial emissions from the sector contribute substantially
to Nigeria's carbon footprint, raising concerns about
sustainability (Adekomaya and Adeniyi, 2022). The
industry's environmental footprint, primarily in the form of
industrial emissions, poses significant local and global
environmental concerns, including air pollution and climate
change (Amadi et al., 2022). Despite growing awareness of
sustainable industrial practices, Nigeria's cement industry
faces challenges in managing its environmental impact
(Ogundari and Abdul-Rahim, 2022). A comprehensive
analysis using advanced models, such as the Logarithmic
Mean Divisia (LMDI) and Tapio, is necessary to understand
emission trends and decouple economic growth from
environmental degradation (Wang et al., 2022). The LMDI
and Tapio models are necessary to understand the drivers of
emission trends and the relationship between economic
growth and environmental impacts (Wang et al., 2022). A
detailed case study applying these models can help identify
key factors influencing emissions and inform strategies for
sustainable industrial development in Nigeria (Ogundari and
Abdul-Rahim, 2022).

LMDI decomposition analysis is a widely used
method for examining the drivers of temporal changes in
aggregate indicators. Initially proposed by Ang et al. (2001),
the LMDI method was later improved by Ang (2004) to
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address issues with zero and negative values. This refined
method enables the decomposition of multiple factors (Ang,
2015). Due to its advantages, including full decomposition,
no residuals, and ease of use and interpretation, LMDI has
been extensively applied in various fields. The LMDI
decomposition method has been employed to study the
driving factors of CO: emissions at national, regional,
provincial, and industrial levels. Moreover, its application has
expanded to analyzing economic belts and provinces (Jiang
etal., 2021).

Tapio decoupling models have been used to investigate the
relationship between economic growth and environmental
indicators, such as carbon emissions and water usage. For
instance, Zhang et al. (2019) used the Tapio model to analyze
the decoupling effect between industrial growth and carbon
emissions at the provincial level in China, finding that energy
intensity and energy mix were key factors influencing the
decoupling process. Similarly, Wang et al. (2018) applied the
Tapio decoupling indicator to study the decoupling status
between economic growth and water usage in major Chinese
cities. Additionally, Wu et al. (2018) reviewed various
decoupling index calculation methods, concluding that the
Tapio decoupling elasticity exhibited greater accuracy.
Further research by Wu et al. (2019) utilized the Tapio model,
Johansen co-integration theory, and Granger causality test to
examine the impact of urbanization and industrialization on
China's decoupling of economic development from carbon
emissions. The study found that urbanization promoted
decoupling, while industrialization had an inhibitory effect in
the early stages. Wang et al. (2018) investigated the
decoupling status and driving forces of CO: emissions in
China and the US using the Tapio and LMDI analysis
approaches. The results showed that China experienced weak
decoupling and expansive coupling, whereas the US
exhibited weak and strong decoupling. Further studies have
also employed various decomposition techniques, including
the LMDI and Tapio decoupling model, to investigate the
drivers of carbon emissions and their relationship with
economic growth in different countries and regions, including
Pakistan (Lin et al., 2019), China (Xie et al., 2019; Zhu et al.,
2021), and Africa (Simbi et al., 2021).

The findings suggest that economic growth, population, and
energy structure are significant drivers of CO. emissions,
while energy and emission intensities have fluctuating
impacts (Kone et al., 2019). Additionally, trade openness has
been found to have varying effects on decoupling carbon
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emissions from economic growth, depending on the country's
income level (Wang and Zhang, 2021).

The decomposition and decoupling analysis of industrial
emissions, particularly within the context of the cement
industry in Nigeria, has garnered significant attention in
recent years. Several studies have delved into similar
analyses, utilizing methodologies such as the Logarithmic
Mean Divisa Index (LMDI) and the Tapio model to
understand the dynamics of industrial emissions and their
relationship to economic activity. In a study by Kong et al.
(2022), the LMDI method was applied to decompose changes
in industrial emissions in Nigeria, focusing on factors such as
production volume, energy intensity, and emission factors.
The study highlights the importance of understanding the
specific drivers of emissions changes and how they relate to
industrial processes and energy consumption within the
cement industry. The strategic application of cutting-edge
methodologies, such as LMDI and the Tapio model, has
significantly enhanced our understanding of the complex
relationships ~ between  economic  growth, energy
consumption, and environmental degradation. By harnessing
the insights generated from these advanced analytical tools,
the study will assist in informed, evidence-based policy
decisions, guide sustainable industry practices, and support
global efforts to mitigate climate change.

II. MEASURING CARBON EMISSIONS

Carbon emissions can be measured using two
primary methods: actual measurement and coefficient
measurement. The actual measurement method involves
direct measurement using specialized instruments, offering
high accuracy but being costly and challenging to implement
(IPCC, 1990). In contrast, the Coefficient Measurement
method, proposed by the Intergovernmental Panel on Climate
Change (IPCC), utilizes carbon emissions coefficients to
estimate emissions based on energy consumption (IPCC,
1990) as follows:

C:ZCizzKiOiEi 1
Where C is the carbon emissions, i represents the energy type,
Ci represents the carbon emissions of energy type i, Ki is the
coefficient of the energy type i, Oi the conversion factors of

energy type.

A. Energy-related CO2 emissions

Emissions of CO: from energy-related sources are
those produced when fossil fuels are burned. The calculation
of the CO: emissions approach from Shan et al. (2018) was
utilized in this study to estimate the energy-related emissions
of Nigeria’s cement-making industry.
The method for calculating CO2 emissions related to fossil
fuels is shown in Eq. 2.

CE; = ADy, .NCV;.CC; .0y, 2
Where, subscripts i and k stand for the different types of fossil
fuels used in the cement industry, respectively. CEik
represents the CO2 emissions from the combustion of fossil
fuel i in sector k. The use of fossil fuel i in sector k is
represented by ADik . NCVi represents the net calorific value,
which indicate the calorific value produced by burning one
physical unit of fossil fuel i. CCi represents carbon content,
which shows the CO2 emissions generated by burning fossil
fuel i per unit calorific value, and Oik is the oxidation
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efficiency, which stands for the oxidation rate of fossil fuel
when burning.

B. Process-related CO2 emission

The CO: generated by physical and chemical
processes throughout the technological process is known as
process-related emissions. Most process-related CO-
emission in Nigeria is caused by the cement industry. So, we
counted the cement-related CO- emission. The equation as in
Eq. (3.2)
CE, = AD, .EE,

where, CEr stands for the CO2 emissions associated
with the process of cement industry,
ADr represents the activity data of the cement industry. EFr
refers to the emission factor of cement manufacture, which
was obtained by Liu et al. (2015).

C. LMDI Decomposition Analysis method

In this study, we use the LMDI decomposition
method proposed by Ang et al. (2015) to analyze driving
factors of CO: emissions in the Nigerian cement industry,
which can be decomposed into six factors: CO. emission
coefficient (F), energy structure (U), energy intensity (S),
industrial structure (Is), economic output (A), and population
(P). The fundamental equation is as follows:

Ci Ej Ej i
C=Zikcik Z'—k—k—Q—g =
ik Fuc Ui Sils;AP ... (4)

Where:
F;;, = Cik/Eik (CO2 emission coefficient of fossil fuel k in
industry/sector 1)
Uy = Eik/Ei
industry/sector 1)
S; = Ei/Qi (Energy intensity of sector, 1)
Is; = Qi/Q (Industrial structure of industry/sector 1)
A = Q/P (Economic output per capita GDP)
C = Total CO2 emissions
Cir = CO2 emissions from fuel type k in industry/sector i
E;= Total energy consumption of industry/sector i
E;, = Energy consumption of industry/sector i by fuel type k
Q@ = Gross Domestic Product (GDP)
Q; = GDP of industry/sector i
P = Population.
According to LMDI model the total changes in carbon
emissions over period (0 to T) (AC7)
Is the sum of changes those six factors as show in the listed

(Energy consumption structure of

equations:
ACtOt = CT - CO = ACF + ACU + ACS + ACI + ACQ + ACP
ACy = G- ¢ (
7 LincT - Lnc? F;;(
L
i Ul
ACy = L 7
U L IncT —nc? "\ UG,
: cr - c? ST
ACg= Y ———In|(— 8
S = L InCT — LnC? "(3 )
1A
AC, = C-T —-C? ISL-T 9
1T LiInCT — Lnc? " \Is?
L
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Where shows the change in the CO- emissions from the base
year to the target year, CT is the CO: emission in the target
year, and CO is the CO: emission in the base year.

ACF, ACU, ACS, ACI, ACQ, and ACP are the six
driving factors effects on emissions.

D. Tapio decoupling model
From Tapio’s decoupling method, the decoupling
formula between CO- emissions and the economy in Nigeria
Cement’s industry is shown in Eq. 12.
AC
G
d= A 12
Go
Where d is the decoupling index, AC is the change
in CO2 emissions, Co is the base year emissions, AG is the
change in GDP, and Go is the base year GDP.

E. Decoupling effort model

This research integrates the Logarithmic Mean
Divisia Index (LMDI) decomposition model with the Tapio
model to evaluate the impact of various factors on CO:
emissions and the economy (Wang & Wang, 2019). The
integrated decoupling effort model analyzes the specific
contribution of each factor (population scale, energy
structure, energy intensity, and industrial structure) to
achieving decoupling while excluding the influence of

economic growth. The equation is shown in Eq. 13.
AE = AC — Cy = AC, + ACs + AC; + ACy 13
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where AE is the sum of the effects after excluding the effect
of economic development. When the effect of economic
growth is positive, the decoupling effort index formula could
be expressed as

E

D=_C_0=A_E Go _
A6 A T ¢,
Go

AC G AC G AC
—(—“ X242 xep—d o4 =L x—)
AG Co, AG Co AG Co AG Co

= Dy + Ds + D; +
Dp
14
Where:

D is the total decoupling effort index, DU is the decoupling
effort of the energy structure effect, DS is the decoupling
effort of the energy intensity effect, DI is the decoupling
effort of the industrial structure, and DP is the decoupling
effort of the population scale effect. D > 1 indicates a strong
decoupling effort; D < 0 shows no decoupling effort; and 0 <
D <1 shows a weak decoupling effort.

III. RESULTS AND DISCUSSION
Cement industry annual CO2 Emissions:

Fig. 1 shows the emissions from Nigeria's cement industry
with a steady increase from 2000 to 2019, rising by 164%
from 3,142 tons to 8,284 tons. The emissions growth was
consistent, with some fluctuations, and was likely driven by
factors such as increasing cement production, energy
consumption patterns, and economic growth. The emissions
remained stable in 2007-2008, while a rapid growth phase
occurred between 2010 and 2015, potentially attributed to
Nigeria's growing economy and infrastructure development.
The emissions trend shows the need for sustainable practices
and emissions reduction strategies in Nigeria's cement
industry to mitigate its environmental impact.

Emissions (tCO2 equiv.)
(<))

2000

2005
Fig. 1. Total CO2 emissions from cement industry (2000-2019)
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A. Contribution of decoupling Factors

Table 1 and Fig. 2 show the LMDI decoupling emissions
results, which decompose the changes in CO: emissions from
Nigeria's cement industry into several factors, including
energy structure, energy intensity, industrial structure,
economic output, and population growth.

Energy structure

The energy structure factor consistently shows a negative
contribution to CO: emissions growth throughout the period.
This indicates that the cement industry in Nigeria has been
shifting towards cleaner energy sources, such as renewable
energy or more efficient fossil fuel technologies. This trend
is expected to continue as the industry adopts more
sustainable practices.

Energy Intensity

The energy intensity factor exhibits a volatile trend, with both
positive and negative contributions to CO2 emissions growth.
This suggests that the industry's energy efficiency has been
improving in some years but worsening in others. Factors
such as changes in production processes, technology
upgrades, or fluctuations in energy prices might have
influenced this trend.

Industrial Structure

The industrial structure factor shows a mix of positive and
negative contributions to CO: emissions growth. This
indicates that changes in the industry's structure, such as
shifts in production capacity or changes in the types of cement

produced, have had varying impacts on emissions. Factors
such as changes in market demand, government policies, or
competition might have influenced this trend.

Economic Output

The economic output factor generally shows a positive
contribution to CO: emissions growth, indicating that the
industry's economic growth has been driving up emissions.
This is expected, as increased economic activity typically
leads to higher energy consumption and emissions. However,
the factor's contribution has been decreasing in recent years,
suggesting that the industry might be adopting more
sustainable practices.

Population Growth

The population growth factor consistently shows a positive
contribution to CO: emissions growth, indicating that
Nigeria's growing population has been driving up demand for
cement and, consequently, emissions. This trend is expected
to continue, as Nigeria's population is projected to continue
growing.

These variations can generally be attributed to changes in
energy prices, technological advancements, and government
policies and regulations. Others are changes in government
policies or regulations that might have influenced the
industry's structure, energy consumption, or emissions.
Market demand and competition and economic growth and
development are suspected to have driven up energy
consumption and emissions.

Table 1: Decoupling index calculation (2001-2019)

Year ACu ACS ACi ACi ACp ACp
(MtCO2) (MtCO2)  (MtCO2) (MtCO2)  (MtCO2)  (MtCO2)
2001 -0.01195  -0.02753 0.167343 0.115559 0.087608  3.4727099
2002 -0.01365  -0.1879 -0.41476 0.832612 0.097315  3.78632881
2003 -0.01542  1.019346  -1.08929 0.275662 0.105894  4.08252711
2004 -0.01725  0.902026  -1.70098 0.981219 0.11376 4.36130481
2005 -0.01915  0.487739  -1.36442 1.036224 0.120965  4.6226619
2006 -0.02113  0.057117  -1.24153 1.321603 0.127882  4.8665984
2007 -0.02319  0.193972  -0.7129 0.633732 0.134911  5.09311428
2008 -0.02534  0.536199  -1.33515 0.892041 0.14134 5.30220957
2009 -0.02757  -0.37661 1.353654 -0.905 0.147209  5.49388425
2010 -0.02991  1.347991  -2.36222 1.065243 0.15315 5.66813833
2011 -0.03234  1.530859  -2.04074 0.54023 0.158827  5.8249718
2012 -0.05236  0.78131 -1.09507 0.510116 0.164344  6.13331317
2013 -0.05463  0.671922  -1.02729 0.548496 0.169562  6.44136722
2014 -0.05687  0.665722  -0.95319 0.478813 0.173297  6.74913396
2015 -0.05907  -0.46718 1.885437 -1.22709 0.175383  7.05661339
2016 -0.06123  0.236741 1.555773 -1.60482 0.180732  7.3638055
2017 -0.06336  2.505441  -1.57817 -0.74696 0.189956  7.6707103
2018 -0.06546  2.060807  -2.59208 0.708036 0.19531 7.97732779
2019 -0.06752  -2.59583 2.011137 0.759526 0.199025  8.28365796
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Figure 2: LMDI decomposition result

B. Decoupling Index results

The results of the decoupling analysis in the Nigerian cement
industry are presented in the context of Tapio's decoupling
model. Tapio's model identifies three types of decoupling in
Table 2. The results of the analysis show that the Nigerian
cement industry has experienced various types of decoupling
over the years: Weak decoupling occurred in 2001-2002,
2009, 2015, and 2019, indicating that emissions grew, but at
a slower rate than economic growth. Strong decoupling
occurred in 2003-2005, 2008, 2010-2014, and 2017-2018,

indicating that emissions declined or grew at a slower rate
than economic growth. Expansive negative decoupling
occurred in 2006-2007 and 2016, indicating that emissions
declined while economic growth occurred.

These results suggest that the Nigerian cement industry has
made efforts to reduce emissions, but these efforts have been
inconsistent. The industry has experienced periods of strong
decoupling, indicating that emissions reduction efforts have
been successful. However, the industry has also experienced
periods of weak decoupling, indicating that emissions
reduction efforts have been insufficient.

Table 2: Summary of change in emissions and decoupling index

Years AC MtCO2) d (decoupling index) Decoupling state

2001 0.331040 0.88804782 Weak decoupling

2002 0.313619 0.59176842 Weak decoupling

2003 0.296198 -0.4749654 Strong decoupling

2004 0.278778 -0.5104818 Strong decoupling

2005 0.261357 -1.3289317 Strong decoupling

2006 0.243936 1.1775173 Expansive negative
decoupling

2007 0.226516 4.13450249 Expansive negative
decoupling

2008 0.209095 -0.7277555 Strong decoupling

2009 0.191675 0.30971062 Weak decoupling

2010 0.174254 -0.1711445 Strong decoupling

2011 0.156833 -0.1328738 Strong decoupling

2012 0.308341 -0.7790841 Strong decoupling

2013 0.308054 -1.0462981 Strong decoupling

2014 0.307767 -1.0704762 Strong decoupling

2015 0.307479 0.35481314 Weak decoupling

2016 0.307192 2.36145941 Expansive negative
decoupling

2017 0.306905 -0.1699239 Strong decoupling

2018 0.306617 -0.204108 Strong decoupling

2019 0.306330 0.08708532 Weak decoupling
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C. Analysis of decoupling effort model

The results of the decoupling effects of different factors on
CO2 emissions from Nigeria's cement industry are shown in
Table

Energy Structure Decoupling Effect (Du)

The energy structure decoupling effect (Du) measures the
impact of changes in energy sources on CO: emissions. A
positive value indicates a reduction in emissions due to a shift
towards cleaner energy sources. In most years, the energy
structure decoupling effect was negligible (close to 0).
However, in 2007, 2016, and 2019, the energy structure
decoupling effect was significant, with values of 0.18, 0.03,
and -0.09, respectively.

Energy Intensity Decoupling Effect (Ds)

The energy intensity decoupling effect (Ds) measures the
impact of changes in energy efficiency on CO: emissions. A
positive value indicates a reduction in emissions due to
improved energy efficiency. The energy intensity decoupling
effect was mostly negative, indicating that energy efficiency
improvements were not sufficient to reduce emissions.
Nevertheless, in 2007, 2014, and 2016, the energy intensity
decoupling effect was significant, with values of -8.36, -3.82,
and -16.85, respectively.

Industrial Structure Decoupling Effect (Di)

The industrial structure decoupling effect (Di) measures the
impact of changes in industrial processes on CO: emissions.
A positive value indicates a reduction in emissions due to
changes in industrial processes. The results indicate that the
industrial structure decoupling effect was mostly positive,
indicating that changes in industrial processes contributed to
reducing emissions. Between 2006, 2017, and 2019, the
industrial structure decoupling effect was significant, with
values of -2.59, -0.36, and -1.89, respectively.

Population Scale Decoupling Effect (Dp)

The population scale decoupling effect (Dp) measures the
impact of changes in population on CO: emissions. A positive
value indicates a reduction in emissions due to changes in
population. The population scale decoupling effect was
mostly negligible (close to 0). In 2019, the population scale
decoupling effect was significant, with a value of 0.62. The
changes in energy sources (Du) had a limited impact on
reducing CO: emissions. Energy efficiency improvements
(Ds) were not sufficient to reduce emissions in most years.
Changes in industrial processes (Di) contributed to reducing
emissions in most years. Changes in population (Dp) had a
negligible impact on CO: emissions in most years.

Table 3. Result of decoupling effort model

Energy structure Energy intensity

Industrial structure Population scale

decoupling effect decoupling effect decoupling effect decoupling effect
Du Ds Di Dp

Years

2001 0.00 0.33 1.49 -0.02
2002 0.00 -2.24 1.20 -0.01
2003 0.04 -0.14 -0.92 0.01
2004 0.00 -0.73 0.62 0.01
2005 0.01 -2.14 0.62 0.04
2006 -0.05 0.06 -2.59 -0.03
2007 0.18 -8.36 10.89 -0.08
2008 -0.01 -3.10 9.35 0.02
2009 0.00 -2.84 6.03 -0.01
2010 0.00 0.21 0.30 0.01
2011 -0.09 -0.79 0.82 0.00
2012 0.00 -0.30 0.25 0.00
2013 0.00 -0.05 0.34 0.00
2014 0.00 -3.82 9.56 -0.01
2015 0.00 -0.80 0.42 0.00
2016 0.03 -16.85 23.51 -0.04
2017 0.00 -0.38 -0.36 -0.01
2018 0.00 -1.20 1.17 0.00
2019 -0.09 -0.60 -1.89 0.62

Conclusion

The study focused on evaluation and decoupling of emissions
drivers in the cement industry using time series data from
2001 through 2019. Using the LMDI and Tapio models, CO-
emissions from Nigeria's cement industry were decomposed
into several factors, including energy structure, energy
intensity, industrial structure, economic output, and
population growth. From the results, the following major
conclusions are made:

Journal of Science

and Technology

Decoupling of CO: Emissions and Economic Growth
e The Nigerian cement industry experienced both
weak and strong decoupling of CO: emissions from
economic growth over the study period.
e Strong decoupling occurred in several years,
indicating that emissions reduction efforts were
successful during those periods.
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Factors Influencing CO2 Emissions

Energy intensity and industrial structure were the
primary factors influencing CO: emissions from the
Nigerian cement industry.

Changes in energy sources and population had a
relatively minor impact on emissions.

Emissions Reduction Efforts

The industry's efforts to reduce emissions were
inconsistent, with periods of strong decoupling
followed by periods of weak decoupling.

To achieve sustained emissions reduction, the
industry must adopt and maintain best practices,
such as energy efficiency improvements and fuel
switching.

Policy Implications

(4]

[7]

Policy support and regulations can encourage the
industry to adopt more sustainable practices and
reduce emissions.

Targeted policies addressing energy intensity and
industrial structure can help achieve significant
emissions reductions in the Nigerian cement
industry.
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Abstract— The objective of the study was to assess the effect
of cattle manure vermicompost on the bean height and pod count in
the greenhouse pot experiments. An experimental research design
was used to collect data on the effect of cattle manure
vermicompost on the bean height and pod count in the greenhouse
pot experiments. Analysis of variance was used to determine if
there was a significant effect of cattle manure vermicompost on the
bean height and pod count in the greenhouse pot experiments. The
least significant difference was used for separation of significant
means at o = 0.05. The study showed that the vermicompost
significantly improved bean height and yields in greenhouse pot
experiments (p < 0.05). At 40% of cattle manure vermicompost
amendment, the plant had maximum height (59.6 to 67.3 cm) and
the highest number of pods (31.24 to 34.22). Therefore, cattle
manure vermicompost should be used in common bean production
to boost growth and yield.

Keywords— Cattle manure vermicompost, bean height, pod
count

I. INTRODUCTION

The use of vermicompost is gaining popularity,
especially as an alternative option to improve the soil fertility
and structure and manage diseases and pests in organic
farming [1, 2]. The vermicompost is a nutrient-rich soil
amendment with high concentrations of macronutrients,
including nitrogen (2-3%), potassium (1.85-2.25%), and
phosphorus (1.55-2.25%) [3, 4]. The nutrients present in the
vermicompost are in soluble forms that are more readily
absorbed by the plant roots [2]. Also, it contains beneficial
microbial communities, humic acid, and plant growth
regulators such as auxins, cytokinins, and gibberellins, which
promote plant growth [5, 6]. Besides, vermicompost
amendment increases water retention in the soil and fertility,
promotes a faster rate of seed germination, and reduces pest
attacks, leading to higher yields in crops [1, 7]. Consequently,
use of vermicompost such as cattle manure vermicompost
(CMV) helps in promoting soil microbial balance and
biodiversity and reduces environmental and health risks [8].
Therefore, their use in crop production is viewed as an eco-
friendly alternative to chemical fertilizer and pesticide in
promoting sustainable agricultural practices [7, 8].
The study was carried out from March to April 2023 at the
research greenhouse of the Department of Plant Science of
the Faculty of Agriculture of Chuka University, Kenya. The
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objective of the study was to assess the effect of CMV on the
bean height and pod count in the greenhouse pot experiments.
An experimental research design was used to collect data on
the effect of cattle CMV on the bean height and pod count in
the greenhouse pot experiments. Analysis of variance was
used to determine if there was a significant effect of CMV on
the bean height and pod count in the greenhouse pot
experiments. The least significant difference was used for
separation of significant means at o = 0.05. The study
findings showed that CMV significantly improved bean
growth parameters and yields in greenhouse pot experiments
(p < 0.05). At 40% of the CMV amendment, the plant had
maximum height (59.6 to 67.3 cm) and the highest pod count
(31.24 to 34.22). Therefore, cattle manure vermicompost
should be used to boost growth and yields in bean
production.

II. MATERIALS AND METHODS

A. Study Area, Plant Sowing and Treatment Application

The study was conducted from March to April 2023 at
the research greenhouse of the Department of Plant Science
of the Faculty of Agriculture of Chuka University, Kenya.
Plastic pots of 70 mm diameter and 95 mm height containing
0.1 kg of sterile red soil were used in the experiments. The
pots were amended with 0 kg (0%), 0.01 kg (10%), 0.02 kg
(20%), 0.03 kg (30%), and 0.04 kg (40%) of CMV 48 hours
before planting. Pots with 0% amendment of CMV in each
treatment served as the control treatment. Three dry bean
varieties, namely Katumani B1, Mwitemania, and Kathika,
were planted in the pots. All seeds were surface sterilized
using 1% sodium hypochlorite for 10 minutes and then air-
dried before sowing one seed per pot. Each treatment was
replicated three times. The pots were maintained in a
greenhouse and lightly watered every second day until the
final pod stage.

B. Experimental Design

A 3 x 5 factorial experiment, laid out in a Complete
Randomized Design (CRD), was used to determine the effect
of CMV on the bean height and number of pods per plant in
the greenhouse pot experiments. There were three factors
comprising common bean varieties (at three levels) and
different CMV concentrations (% by mass (at five levels).
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This resulted in 15 treatments, and each treatment was
replicated three times.

III. DATA COLLECTION

At the final flowering stage, five bean plants were randomly
selected from each treatment. The height of the plant was
measured in centimeters (cm) from the base of the shoot to
the highest tip of the apical bud. The result was recorded in
tabular form for analysis. Further, at the final pod stage, the
number of pods in each of the plants examined was counted
and recorded in tabular form.

IV. DATA ANALYSIS
Descriptive statistics was used to summarize data into means,
percentages, and standard deviations. The data on the number
of pods per plant in the greenhouse pot experiment was first
log transformed before being subjected to ANOVA for
further analysis. Data on bean height and number of pods per
plant in the greenhouse pot experiment were subjected to one-
way ANOVA using Statistical Analysis Software (SAS)
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version 9.4. The ANOVA was used to determine the effect of
different concentrations of CMV on bean height and the
number of pods per plant in the greenhouse pot experiments
at o = 0.05. The significant means were separated using LSD
ata = 0.05.

V. 4.RESULTS

There was a significant (p < 0.05) [Table 1] effect of different
concentrations of CMV on the growth height of the Kathika,
Katumani, and Mwitemania bean varieties. There was a
significant (p < 0.05) [Table 1] effect of different
concentrations of CMV on the growth height of Kathika bean
plants. The height for the Kathika variety at different CMV
concentrations was significantly different. The highest height
(59.75 cm) was observed at a concentration of 40% CMV
amendment, followed by 54.75 cm, 43.25 cm, and 35.75 cm
at 30%, 20%, and 10% CMV amendment, respectively. The
lowest height (15.75 cm) was observed at 0% CMV
amendment [Table 2].

Table 1: Analysis of Variance for the Effect of Different Concentration of Vermicompost on Bean Height in the Greenhouse
Pot Experiment

Source DF Sum of Squares Mean Square F Value P value
ANOVA for the Effect of CMV on Height of Katumani Bean
Vermicom percent 4 4970.70 1242.67 303.09 <.0001
Error 15 61.50 4.10
Corrected Total 19 5032.20
ANOVA for the Effect of CMV on Height of Kathika Bean
Vermicom_percent 4 4828.80 1207.20 252.38 <.0001
Error 15 71.75 4.783
Corrected Total 19 4900.55
ANOVA for the Effect of CMV on Height of Mwitemania Bean

Vermicom percent 4 4142.30 1035.57 295.88 <.0001
Error 15 52.50 3.50
Corrected Total 19 4194.80

There was a significant (p < 0.05) [Table 1] effect of different
concentrations of vermicompost on the growth height of
Katumani bean plants. The height for the Katumani variety at
different vermicompost concentrations was significantly
different. The greatest height (67.25 cm) was observed at
40% CMV amendment, followed by 58.25 cm at 30%, 51.0
cm at 20%, and 37.5 cm at 10% CMV amendment. The
lowest bean height (22.5 cm) was observed at 0% CMV
amendment [Table 2].

There was a significant (p < 0.05) [Table 1] effect of different
concentrations of vermicompost on the growth height of
Mwitemania bean plants. The height for the Mwitemania
variety at different vermicompost concentrations was
significantly different. The greatest height (61.0 cm) was
observed at a concentration of 40% vermicompost, followed
by 52.75 cm, 46.0 cm, and 38.5 cm at 30%, 20%, and 10%
CMYV amendment, respectively. The least height (18.75 cm)
was observed at 0% vermicompost amendment [Table 2].

Table 2: The Effect of Different Concentration of Vermicompost on Plant Height in Greenhouse Pot Experiment

Height in cm

Variety of Beans Verm (%)1 N Mean Mean LSD (a0 =0.05 Cv (%)
0 4 1575 ¢
10 4 35.75d

Kathika 20 4 43.25¢ 41.85 3.296 5.23
30 4 54.75b
40 4 59.75 a
0 4 225¢
10 4 37.5d

Katumani 20 4 S51c 15.63 1.228 4.85
30 4 58.25b
40 4 67.25a
0 4 18.75 ¢
10 4 38.5d
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Mwitemania 20 4 46 ¢ 18.03 1.409 3.86
30 4 52.75b
40 4 61 a

Mean 17.598

LSD (0. =0.05) 1.098

Cv (%) 3.959

#Means followed by same letters are not significantly different at 5% probability level; ! Cattle Manure Vermicompost.

There was a significant (p < 0.05) [Table 1] effect of different
concentrations of vermicompost on the number of pods per
plant for the Kathika, Katumani, and Mwitemania bean
varieties. The number of pods per plant varied significantly
across different concentrations, with the highest numbers
generally observed at higher concentrations of vermicompost
[Table 2].

There was a significant (p < 0.05) [Table 3] effect of different
concentrations of vermicompost on the number of pods per
plant for the Kathika variety. The number of pods per plant at
different vermicompost concentrations was significantly
different. The highest number of pods per plant (31.69) was
observed at a concentration of 40% vermicompost, followed
by 26.74, 19.95, and 15.68 at 30%, 20%, and 10% CMV
amendment, respectively. The lowest number of pods per
plant (7.71) was observed at 0% CMV amendment [Table 4].

Table 3: Analysis of Variance for the Effect of Different Concentration of Vermicompost on Number of Pods Produced per
Plant in the Greenhouse Pot Experiment

Source DF Sum of Squares Mean Square F Value P value

ANOVA for Effect of CMV on Number of pods of Katumani Bean
Vermicom_percent 4 1.61 0.4029 115.26 <.0001
Error 15 0.05 0.0034
Corrected Total 19 1.66

ANOVA for Effect of CMV on Number of pods of Kathika Bean
Vermicom_percent 4 0.92 0.2309 159.50 <.0001
Error 15 0.023 0.0014
Corrected Total 19 0.95

ANOVA for Effect of CMV on Number of pods of Mwitemania Bean

Vermicom_percent 4 0.84 0.2091 88.99 <.0001
Error 15 0.04 0.0023
Corrected Total 19 0.87

There was a significant (p <0.05) [Table 3] effect of different
concentrations of vermicompost on the number of pods per
plant for the Katumani variety. The number of pods per plant
at different vermicompost concentrations was significantly
different. The highest number of pods per plant (34.22) was
observed at 40% CMV amendment, followed by 26.44,
20.47, and 12.40 at 30%, 20%, and 10% CMV amendment,
respectively. The least number of pods per plant (5.38) was
observed at 0% CMV amendment [Table 4].

There was a significant effect of different concentrations of
vermicompost on the number of pods per plant for the
Mwitemania variety (p <0.05) [Table 3]. The number of pods
per plant at different vermicompost concentrations was
significantly different. The highest number of pods per plant
(31.24) was at 40% CMV amendment, followed by 24.71,
19.87, and 15.68 at 30%, 20%, and 10% CMV amendment,
respectively. The least number of pods (7.91) was observed
at 0% vermicompost amendment [Table 4].

Table 4: The Effect of Different Concentration of Vermicompost on Number of Pods per Plant in Greenhouse Pot Experiment

Number of pods

Variety of Beans Verm (%)1 N Mean Mean LSD (a =0.05) Cv (%)
0 4 771¢e
10 4 15.68d

Kathika 20 4 1995¢ 18.28 1.141 3.02
30 4 26.74 b
40 4 31.69a
0 4 538e¢
10 4 12.40d

Katumani 20 4 20.47 ¢ 47.3 3.051 4.28
30 4 26.44 b
40 4 3422 a
0 4 791 e
10 4 15.68d

Mwitemania 20 4 19.87 ¢ 43.4 2.819 4.31
30 4 24.71b
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40 4 31.24a
Mean 44.183
LSD (0.=0.05) 1.294
Cv (%) 4.598

2Means followed by same letters are not significantly different at 5% probability level; 'Cattle Manure Vermicompost.

VI. DISCUSSION

The study showed that there was a significant effect of
different CMV on bean height and pod count per plant in
greenhouse pot experiments [Table 1, Table 3]. This may be
attributed to CMV containing nutrients, beneficial microbes,
humic acid, plant growth regulators, coelomic fluid, and
bioactive substances secreted by earthworms that stimulate
rapid growth and increase yield in plants [2, 6]. The results
align with previous findings that demonstrated growth, yield,
and quality parameters in crops increased significantly in soil
amended with vermicompost [3, 6]. On the other hand, bean
height and pod count per plant increased with an increase in
the concentration of the CMV amendments. The tallest plants
and highest number of pods per plant were recorded in pots
amended with 40% of CMV. This implies that an increase in
the concentration of CMV increased the amount of soluble
nutrients and beneficial microorganisms and induced the
production of plant hormones in the soil, thus boosting plant
growth and development [4, 5]. Also, a high concentration of
CMYV amendment enhances water retention and soil structure,
leading to high growth rates and yields in crops [1].
Supplement of vermicompost in soil is dose dependent for
better yield of plant and soil properties [5]. These results
conform to the earlier study findings, which revealed that an
increase in the amount of vermicompost amendment
promoted higher root and vegetative growth and yield in
plants [2].

VII. CONCLUSION

The study findings showed that CMV significantly improved
bean growth parameters and yields in greenhouse pot
experiments (p < 0.05). At 40% of vermicompost
amendment, the plant had maximum growth (plant height
between 59.6 and 67.3 cm) and the highest number of pods
(31.24 to 34.22). Therefore, cattle manure vermicompost
should be used in bean production to boost yields.
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Abstract— This study presents a Deep Neural Network (DNN)-
based framework for Automated Infrastructure Management (AIM),
the main aim being to develop and evaluate a DNN-based
framework for real-time intrusion detection in automated
infrastructure systems. Leveraging the UNSW-NBI15 dataset, the
research addresses the limitations of traditional rule-based systems
by employing advanced techniques such as SMOTE for handling
data imbalance, batch normalization for training stability, and
feature selection to optimize model performance. The developed
DNN model achieved an accuracy 0f 99.61% and an AUC 0 0.9993,
demonstrating exceptional capability in classifying normal and
attack traffic with high precision and recall. While the results
highlight the potential of DNNs to revolutionize infrastructure
management through predictive maintenance and real-time threat
detection, challenges such as reliance on synthetic data,
computational demands, and cross-domain generalizability remain.
The study underscores the importance of integrating real-time data,
developing lightweight models for edge deployment, and addressing
ethical considerations to ensure scalable and trustworthy AIM
solutions in diverse infrastructure environments.
Keywords— Deep Neural Network (DNN), Automated
Infrastructure Management (AIM), Intrusion Detection, Real-time
Threat Detection

I. INTRODUCTION

Automated Infrastructure Management (AIM), such
as cloud platforms and data centers, requires robust
mechanisms to predict failures and enable timely
maintenance. Traditional reactive approaches, reliant on
manual monitoring and rule-based systems, often result in
costly downtime and inefficient resource allocation. Deep
Neural Networks (DNNs), with their ability to learn complex
patterns from high-dimensional data, offer a paradigm shift
toward predictive maintenance and automated failure
detection (Kietzmann et al., 2018); this could be used for
failure detection, predictive maintenance, and scalability
(Varghese & Buyya, 2018).
AIM, which uses technologies like artificial intelligence (Al),
machine learning (ML), and the Internet of Things (IoT) to
optimize infrastructure management procedures and
guarantee  improved  performance, efficiency, and
dependability, is quickly emerging as a crucial part of
contemporary IT systems. Automated systems that can
monitor, analyze, and anticipate problems before they
become more serious are becoming increasingly important as
infrastructure complexity rises. Deep neural networks (DNN)
are among the most promising technologies in this field
because they can handle large volumes of data and identify
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patterns that are difficult to find using conventional
techniques. With an emphasis on predictive maintenance,
failure detection, and overall system optimization, this study
investigates the use of DNN in automated infrastructure
management. To improve decision-making, minimize human
interaction, and anticipate possible system failures, the study
explores the integration of DNN with current infrastructure.
By automating repetitive jobs and maintenance procedures,
such intelligent systems not only increase operational
efficiency but also guarantee the sustainability and lifespan of
infrastructure. Applying DNN to AIM has broad
ramifications and creates new opportunities for more
intelligent, responsive, adaptable, and dependable
infrastructure management. Al and DNN play an increasingly
important role in infrastructure management as the world
shifts to more data-driven and networked environments,
providing solutions that can evolve with the expanding needs
of contemporary technology ecosystems. This study explores
the advantages, difficulties, and prospects of incorporating
DNN into AIM, providing information on how it might
transform infrastructure management techniques across
various industries. (S.K.B. et al., 2024)

II. AUTOMATED INFRASTRUCTURE MANAGEMENT:

Infrastructure automation refers to the programmatic
management and control of infrastructure resources,
including servers, networks, storage, applications, and
services. Automation capabilities have expanded rapidly in
recent years with the rise of cloud computing, virtualization,
and DevOps practices. Major benefits include improved
efficiency, reduced costs, flexibility, and resilience.
Representative  technologies  include  configuration
management tools like Ansible, Puppet, and Chef, as well as
infrastructure-as-code frameworks utilizing declarative
languages to specify system architectures. While automation
is being widely adopted, best practices are still emerging for
managing automation complexity and integrating it with
system monitoring, analytics, and control capabilities. Most
current automation is focused on simplifying the deployment
and management of relatively static resources and services.
However, dynamic and adaptive automation techniques offer
significant further advantages. Integrating automation with
monitoring and intelligence has the potential to enable self-
optimizing and self-healing infrastructure capabilities. (Dewi,
2024)

Journal of Science
and Technology


mailto:s.yahya@student.ust.edu

77

M. F. Abdullah , S. A. Mohsen
Volume 30, Issue (7), 2025

III. THE OBJECTIVE

With particular emphasis on identifying and
categorizing network breaches in large-scale distributed
systems, the main goal of this study is to develop, build, and
assess a Deep Neural Network (DNN)-based framework for
automated infrastructure cybersecurity management. By
leveraging advanced machine learning techniques, the study
aims to enhance intrusion detection mechanisms' accuracy,
efficiency, and responsiveness, which are critical components
of intelligent infrastructure protection.

IV. PROBLEM STATEMENT:

Traditional methods rely on manual monitoring and
rule-based systems, which are prone to human error and often
unable to predict failures or optimize resources in real time.
Modern infrastructure management is the answer, helping
data centers and cloud computing.Top of FormBottom of
Form

V. RELEVANCE AND IMPORTANCE OF THE RESEARCH

In today’s rapidly evolving digital landscape,
organizations—especially ~ those = managing  critical
infrastructure like financial institutions and healthcare
systems—face an escalating risk of sophisticated cyber
threats. As cyberattacks grow in complexity, there is an
urgent need for automated and intelligent cybersecurity
mechanisms. This research is highly relevant as it addresses
the inefficiency of manual monitoring, which is increasingly
impractical due to the surge in network traffic from
technologies like 5G and IoT. By introducing a novel Deep
Neural Network (DNN) framework enhanced with feature
selection, SMOTE, and batch normalization, the project

fff
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advances both academic research and practical applications
in real-time anomaly detection. It fills a critical gap left by
traditional IDS methods that fail to detect emerging threats
effectively, thereby contributing to stronger and more
adaptive infrastructure security.

VI. RESEARCH QUESTIONS

1. How can deep neural networks (DNNs) help improve
resource management in automated infrastructure
systems?

2. Can deep neural networks (DNNs) accurately identify
and categorize network intrusions in real-time?

3. How can DNNs help predict maintenance needs and
reduce downtime in infrastructure systems?

VII. METHODOLOGY

This study employs a quantitative, experimental
design to rigorously assess the effectiveness of deep neural
networks (DNNs) in detecting cyber threats within complex
infrastructures. Grounded in the positivist paradigm, the
approach utilizes empirical observation and statistical metrics
to evaluate detection accuracy, false positives, and
computational  efficiency. Focusing on real-world
applications like smart grids and healthcare systems, the case
study simulates modern cyberattack scenarios to ensure
ecological validity. The methodology encompasses data
preprocessing, feature selection, DNN design, model training,
and performance analysis, with additional comparisons to
traditional methods. Scalability is tested across diverse
environments, ranging from low-power IoT devices to cloud-
based SIEM systems.

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST

M. F. Abdullah , S. A. Mohsen
Volume 30, Issue (7), 2025 :

Automated Infrastructure Management with DNN

-

\: ! l

Data Integrity Scaling and
Cleaning Checking Normalization

! \:

Handling Data
Feature Imbalance
Selection (SMOTE)

|

4

b

N

odel
Development
Model
Architecture

) ) ,

Input Layer Dropout BatchNorma
Layer lization

d J
Hidden
Layer

Output Layer

| |
Training of
Models

Y

del
Fitting

g
Z Olz

4
Model
Evaluation
2 d l J J l d
Predictions Accuracy Confusion Classification ROC Curve Precision- Feature
Matrix Report recall curve Importance

Figure (1) The Methodology of (AIM)

VIII. DATA DOWNLOAD AND PREPROCESSING:
Dataset: Use publicly available datasets from Kaggle
(UNSW_NBI15). The UNSW-NBIS5 dataset, created by the
Australian Centre for Cyber Security (ACCS) using the IXIA
PerfectStorm tool, is designed for network intrusion detection

@
: https://doi.org/10.20428/jst.v30i7.2981

research. It includes 2,540,044 records of network traffic
features, captured via Tcpdump and stored in Pcap files. The
dataset covers nine types of attacks, such as fuzzers, DoS,
exploits, and worms, with 49 features extracted using tools
like Argus and Bro-IDS; however, the dataset is split into the
following:
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2,540,044 records are the total dataset size.

194,126 and 2,880 represent the distribution of the test
set (197,006 records).

776,622 and 11,398 are the target counts for the
training data.

Data Preparation:

Data Cleaning: Duplicates and rows with missing
values are removed.

Integrity Checking: The script verifies that no
numeric column contains infinite values.

Scaling and Normalization: The numeric columns are
standardized using a standard scaler and then
normalized row-wise using a normalizer.

Feature Selection: After cleaning the data, use
select_dtypes (include= [np.number]) to select just the
columns containing numerical data in order to
concentrate on numeric features; this choice guarantees
that the right data is used to train the model.

Handling Data Imbalance (SMOTE): SMOTE
(Synthetic Minority Over-sampling Technique) is used
to rectify the dataset's class imbalance when normal
traffic significantly outnumbers attack traffic. In order
to guarantee a balanced distribution of normal and
attack instances in the training set, this technique
creates synthetic instances of the minority class
(attacks).

Model Development

A deep neural network (DNN) is built for the binary
classification of network traffic into normal and attack
categories following data preprocessing.

Model Architecture: The Keras Sequential API is
used to construct the DNN. It is made up of the layers
listed below:

Input Layer: With 128 neurons and the ReLU
activation function, the input layer is dense.

Dropout Layer: During training, a portion of neurons
are randomly disabled at a dropout rate of 0.3 to prevent
overfitting.

BatchNormalization: To enhance training stability
and normalize the activations, a layer is introduced.
Hidden Layer: Another dense layer with 64 neurons
and ReLU activation.

Output Layer: A single neuron with sigmoid
activation to predict the binary classification (normal or
attack).

Model Compilation: The model is compiled using the
Adam optimizer with a learning rate of 0.0001 and a
binary cross-entropy loss function. Accuracy is used as
the metric to evaluate model performance.

Training of Models

Training Process: Data is used to train the model, and
early stopping is used to track the validation loss. The
following steps are part of the training process:
Training Procedure: The model is trained for up to 20
epochs using a batch size of 64. During training, the
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model's performance is tracked using validation data.
To avoid overfitting, training is terminated early if the
validation loss does not decrease for five consecutive
epochs.

e  Model Fitting: After applying SMOTE, the model is
fitted to the resampled training data, and the test data is
used for validation. During the fitting process, accuracy
and loss values are computed for both training and
validation datasets.

D. Model Evaluation
Following training, the model's performance is assessed using
the test set:

e Predictions: The trained model is used to make
predictions on the test data. To generate binary
predictions, the model's output is thresholded (values
greater than 0.5 are categorized as attacks).

e Accuracy: By contrasting the expected and actual
labels in the test set, the model's accuracy is calculated.
The proportion of correctly identified instances is
reflected in the accuracy score.

e  Confusion Matrix: To assess how well the model can
distinguish between normal and attack cases, the
confusion matrix is computed. Knowing how many
true positives, true negatives, false positives, and false
negatives there are is helpful.

e C(Classification Report: The classification report is
used to calculate the precision, recall, F1-score, and
support for each class (attack and normal). A thorough
understanding of model performance is offered by
these measurements.

e ROC Curve: To evaluate the trade-off between true
positive rate and false positive rate, the Receiver
Operating Characteristic (ROC) curve and AUC score
are shown.

e Precision-recall curve: allows one to see how well the
model performs in terms of both precision and recall
when it comes to identifying attacks.

e Feature Importance: The absolute values of the
weights in the DNN's first layer are used to assess each
feature's  significance. To illustrate the key
characteristics that the model uses for categorization, a
bar plot is created.

IX. LITERATURE REVIEW:

The application of deep neural networks (DNNs) in
the field of infrastructure management, particularly in
predictive maintenance and failure detection, has garnered
significant attention in recent years. This review discusses the
previous studies on key technologies related to the use of
DNNs for automated infrastructure management, based on
results from various datasets and reputable sources such as
IEEE Explorer, Google Scholar, and ResearchGate.
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(Hopman, 2023): The paper presents a five-level
maturity model for IT infrastructure automation, ranging
from manual management to fully policy-driven
management. Automation improves quality,
productivity, and competitiveness while reducing
complexity and costs. The model aims to benchmark
organizational capabilities and guide improvements by
aligning business goals with IT needs. The Delphi
method and qualitative analysis are used to build expert
consensus, combining design science research for a
comprehensive automation strategy.Top of Form

(Dewi, 2024): The research focuses on enhancing
cybersecurity  through  automated infrastructure
management, specifically using reinforcement learning
agents in the cloud to balance performance and security.
Results show that adaptive optimization improved
security metrics by 38%, reduced downtime by 42%, and
decreased threat levels by 31% through dynamic
detection. However, security costs rose by 19% due to
proactive measures. The paper employs reinforcement
learning for optimization, using an experimental cloud
testbed, and discusses techniques such as feature flags
and canary deployments. The study concludes that
intelligent automation significantly enhances resilience
against modern cyber threats.

(Garg & Garg, 2019):The paper explores cloud
infrastructure  automation to improve product
development, focusing on implementing CI/CD using
Docker containers for development teams. It highlights
the benefits of CI/CD pipelines, emphasizing cloud
automation's role in enhancing productivity and cost
optimization. Plans involve sharing boilerplate code with

Training Data Overview:
srcip sport
8 ,59.166.06.7 31863
1 59.166.0.3 29541
2 ,59.166.6.0 64581
3
4

dstip dsport proto state
149.171,126.3 51547 tcp  FIN
149,171.126.3 21 tcp FIN
149.171.126.9 34564 tcp FIN
149.171.126.5 89 tcp  FIN
149,171.126.6 53 udp CON

59,166.0.7 36124
,59.166.0.4 25026

[5 rows x 49 columns]

Testing Data Overview:

srcip sport
@ 59.166.0.9 39723
1 ,59.166.68.9 51787
2 ,59.166.0.2 65462
3
4

dstip dsport
149.171.126.3 64991
149.171.126.3 57830
149.171.126.2 80
149.171.126.9 111
149.171.126.4 41282

proto state
tep  FIN
tcp  FIN
tcp FIN
udp  CON
tcp  FIN

,59.166.0.2 11987
59.166.0.2 13820

[5 rows x 49 columns]

4.

ct_src_ Itm
9.085238
9.062986
9.368191
-9.218221
-9.188886

ct src Itm
-0.095348
-0.244597
9,116531
-0.013291
-0.198367

ct_src_dport_ltm

ct src dport ltm
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the open-source community. The methods discussed
include automation in the planning, coding, deploying,
and testing phases, with a strong focus on Continuous
Integration (CI) and Continuous Delivery (CD) as key
techniques. Docker containers are used for CI/CD
implementation, and open-source tools like Terraform
and Terr grunt are mentioned for cloud automation, along
with best practices for Docker security to strengthen
automation.

(Iridon, 2016): The paper aims to standardize the data
representation of Automated Infrastructure Management
(AIM) systems for better integration, providing
guidelines for exposing AIM system features and
recommending robust models for their design. It
proposes models that enhance the integration of various
telecommunication assets and reduce complexity for
clients accessing resources while aligning with
upcoming ISO/IEC standards for AIM systems. The
methods discussed include modeling hardware devices
using URIs, utilizing inheritance and functional
programming for asset management, and outlining a
hierarchical resource model for telecom assets, all
designed to facilitate integration and streamline AIM
system management.

X. THE RESULTS:
Implementation: using Python

The first section shows the two datasets: training data and
testing data, both related to network traffic analysis for
intrusion detection. There are 49 columns, which include
various features related to network traffic.

ct_dst sport_ltm Label
-9.0853400
-2.039460
-9.042418
-8.0836597

-2.046374

ct_dst src_ltm attack cat
-8.177890
©.318339
0.019865
-8.121913
-2.154484

-9.102330
-0.075616
-0.081285
-9.870129
-0.088866

[ B v T o )
@

ct dst sport ltm
-0.043671
-0.060052
-9.0933428
-0.045274
-0.048702

ct dst src 1tm attack cat
-0.145479 5] a,
-0.200048
-8.111359
8.193223
0.022808

-0.083686
-9.115876
-0.064059
-0.886757
-9.@93327

[ R B T o)
=

Figure (2) Training and Testing Data

The second section: This column shows the target
variable for the classification task; it shows whether the
network traffic is an attack or regular.

Target value counts in training data:

Label
5] 776622
1 11398

Name: count, dtype: inté4

https://doi.org/10.20428/jst.v30i7.2981

0: Indicates regular traffic, meaning there isn't an
attack.

1: Shows attack traffic, such as malicious activity or
network infiltration.

Analysis of the Results:

0/ 776622: The traffic is categorized as normal in
776,622 cases.
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e 1/ 11398: 11,398 traffic records are categorized as
attacks.

Features in training data after selecting numeric columns:
dur  sbytes  dbytes sttl dttl

0 -0,009995 -0.009376 ©,003497 -0.039480 -0.028399

1 ©0.003779 -0.011146 -0,054028 -0.029173 -0.020986

2 -0,008711 -0.001208 ©.044777 -0.031361 -8.022559

3 0.087390 -0.917527 -0.042011 -0.027857 -0.019463

4 -0,010281 -0.033535 -0.069206 -0.034285 -0.024663

[5 rows x 40 columns]

3. The third section:

ct dst 1tm ct src ltm ct src dport 1tm ct dst sport 1tm ct dst src ltm
-0.194248
0.116695
0.311948
-9.213574
0.035198

0.085238 -0.1602330 -0.853400 -0.17789%0
0.062986 -0.075616 -0.039460 0.318339
0.308191 -0.081285 -0.842418 0.019865
-0.218221 -0.970129 -0.836597 -0.121913
-0.188886 -0.088866 -0.046374 -0,154484

Figure (3) Features in training

The figure shows the training data's numerical features. After
choosing just the numerical columns, the dataset has (40)
numeric features (columns), with (40) attributes that describe
different aspects of the traffic, including duration, bytes
transferred, and connection state. Each row represents a
sample of network traffic.

4. The fourth section:

Features in training data after selecting numeric columns:
['srcip', 'sport', 'dstip', 'dsport’, 'proto’, 'state', 'dur', 'sbytes',
'dbytes', 'sttl', 'dttl', 'sloss', 'dloss', 'service', 'Sload', 'Dload’,
'Spkts', 'Dpkts', 'swin', 'dwin', 'stcpb', 'dtcpb', 'smeansz',
'dmeansz', 'trans_depth', 'res_bdy len', 'Sjit', 'Djit', 'Stime',

'Ltime', 'Sintpkt', 'Dintpkt', ‘'tcprtt’, 'synack', 'ackdat,
'is_sm_ips_ports', 'ct_state ttl', 'ct flw_http _mthd',
'is_ftp login', 'ct ftp cmd', 'ct srv_src', 'ct srv_dst,
'ct_dst_Itm', 'ct src_ Itm', 'ct src_dport_ltm',

'ct_dst sport Itm', 'ct dst src_ltm', 'attack cat']

As it appeared in this section, of the (49) features that had
been used in the training, only (40) had been chosen as the
most important.

5. The fifth section:

The training and assessment of a deep neural network (DNN)
model are fully described in the output. It demonstrates how
TensorFlow uses CPU instructions to optimize performance
and expedite the process. The model continuously developed
with low validation loss and training accuracy during 20
epochs. The test's 99.61% accuracy rate validated the model's
strong generalization to new data. An all-zero input test
confirmed that the model did not provide erroneous positive
predictions. Overall, the model did well, as evidenced by its
low validation loss relative to training loss, steady accuracy,
and lack of overfitting. Early stopping, which stops training
when no changes are seen in the validation set, would have
avoided overfitting.

6. Performance Metrics:

The result shows the final test accuracy of the model, which
is 99.61%. It indicates that the model correctly predicted
99.61% of the instances in the test dataset (with normal traffic
and attack classes). However, the other results are

Table (1) Model Performance Evaluation for Network Traffic Classification (Normal vs. Attack)

No Metric Class 0 Class 1 Overall
(Normal Traffic) (Attack Traffic)
1 Precision 1.00 0.78 0.89 (Macro Avg.)
2 Recall 1.00 1.00 1.00 (Macro Avg.)
3 F1-Score 1.00 0.88 0.94 (Macro Avg.)
4 Support (Number of 194,126 2,880 197,006
Samples) (Total)
5 Accuracy - - 1.00
(Overall)
6 AUC (Area Under the - - 0.9993
Curve)
7 Macro Average 0.89 1.00 0.94
(F1-Score Avg.)
8 Weighted Average 1.00 1.00 1.00 (Overall)

This table presents the classification performance metrics for
a machine learning model distinguishing between normal
traffic (Class 0) and attack traffic (Class 1). The evaluation is
based on commonly used performance indicators, including
precision, recall, Fl-score, accuracy, and AUC. Below is a
detailed explanation of each metric:
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A. Precision
Precision measures the proportion of correctly identified
positive samples among all predicted positive samples. It is
calculated as:
True Positives

Precision = — —
True Positives + False Positives

https://journals.ust.edu/index.php/JST
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The precision for Class 0 (Normal Traffic) is 1.00, meaning
that every event that was anticipated to be normal traffic was,
in fact, normal. On the other hand, the precision for Class 1
(Attack Traffic) is 0.78, indicating that 22% of cases that were
categorized as attack traffic were misclassified. The model
generally maintains excellent precision throughout both
classes, as seen by the macro average precision of 0.89.

B.  Recall
Recall measures the proportion of correctly identified
positive instances among all actual positive instances and is
calculated as:
True Positives

Recall =
True Positives + False Positives

Class (0) and Class (1) have recall values of (1.00), indicating
that the model correctly identifies all normal and attack traffic
instances without missing any actual positives. The macro
average recall is also (1.00), confirming that the model
performs exceptionally well in detecting both traffic types.

C. FlI-Score
The Fl-score is the harmonic mean of precision and recall,
balancing both metrics:
Precision X Recall

F1—Score =2 x —
Precision + Recall
As the result shows for class (0), the Fl-score is (1.00),

indicating perfect classification. On the other hand, class 1 is
(0.88), slightly lower due to the lower precision for this class,
but for overall (Macro Average F1-Score): (0.94), reflecting
strong overall performance of the model across both classes.

D. Support (Number of Samples)
Support represents the number of actual instances per class in
the dataset:
e Class 0: (194,126) samples
e Class 1: (2,880) samples
e Total samples: 197,006
The imbalance in the dataset is evident, with significantly
more normal traffic samples than attack traffic samples.

E.  Accuracy
Accuracy is the proportion of correctly classified instances:
True Positives + True Negatives

A =
ceuracy Total Samples

The overall accuracy is 1.00, meaning that the model
perfectly classified all instances in the dataset.

F.  Area Under the Curve (AUC)
The AUC metric evaluates the model’s ability to distinguish
between classes. A value close to (1.0) indicates excellent
discrimination, and the reported AUC value is (0.9993),
demonstrating that the model has an almost perfect ability to
differentiate between normal and attack traffic.

G. Macro Average (F1-Score Average)

The macro average Fl-score (0.94) represents the simple
average of Fl-scores across both classes. Since it does not

https://doi.org/10.20428/jst.v30i7.2981
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account for class imbalance, it provides insight into overall
model fairness across classes.

H. Weighted Average
The weighted average considers the proportion of instances
in each class when calculating the overall F1-score, ensuring
that dominant classes (e.g., Class 0) have a greater impact.
Weighted F1-score: 1.00, suggesting that the model performs
well even when considering class distribution.

Confusion Matrix

175000

788 150000

Normal (0)

125000

- 100000

Actual

-75000

2880 - 50000

Attack (1)

-25000

| -0
Attack (1)

I
Normal (0)

Predicted

Figure (4) Confusion Matrix

The model's classification results are displayed in the
confusion matrix, which demonstrates that attack traffic
(Class 1) is detected with high recall but poor precision,
whereas regular traffic (Class 0) is properly predicted with
little misclassification.

Receiver Operating Characteristic (ROC) Curve
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Figure (5) ROC Curve

With an AUC of 1.00, which denotes perfect classification,
the ROC curve shows how well the model can differentiate
between attack and regular traffic.
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Precision-Recall Curve
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Figure (6) Recall

Precision-Recall Curve: For attack detection, the precision-recall curve demonstrates a good compromise between accuracy and
recall; recall is perfect (1.00), while precision could be slightly increased.
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Figure (7) Top Importance Features

According to the feature importance table,
factors like ct_state ttl, sttl, and smean sz have
the most impact on identifying attack traffic
and directing the model's judgment.

XI. DISCUSSION
The study results reveal that deep neural networks (DNNs)
can significantly improve automated infrastructure
management (AIM) in network traffic classification. The
proposed model achieved an impressive AUC of 0.9993 and
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an accuracy of 99.61%, demonstrating a nearly perfect ability
to differentiate normal from attack traffic. Precision and
recall for Class 0 (normal traffic) both reached 100%, as
shown in the classification report and confusion matrix.
Although the precision for Class 1 (attack traffic) was slightly
lower, the recall remained perfect (100%), indicating the
model's effectiveness in detecting all attack instances.

While performance comparison with existing state-of-the-art
models could offer additional insights, the focus of this study
was placed on demonstrating the feasibility and effectiveness
of using a straightforward DNN architecture enhanced with
SMOTE and batch normalization intrusion detection using

-
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the UNSW-NB15 dataset. Given the differences in datasets,
model structures, and evaluation criteria used in related
studies, direct comparison was considered methodologically
inappropriate. Instead, the study prioritized reproducibility,
practical deployment, and applicability in real-world,
resource-constrained infrastructure environments.

XII. LIMITATIONS
. Data Constraints

e Reliance on Synthetic/Emulated Data: Datasets like
CICIDS2017 and NSL-KDD may not capture real-
world noise, unpredictability, or legacy system
behaviors (e.g., SCADA).

e Lack of Sector-Specific Threats: Public datasets
often lack detailed threats targeting niche sectors
(e.g., healthcare, water treatment), limiting real-
world applicability.

B.  Technical Challenges

e High Computational Requirements: Hybrid models,
such as CNN-BiLSTM architectures with attention
mechanisms, require substantial computational
resources, often necessitating GPU acceleration for
efficient training and inference, which can make
them impractical for smaller organizations that may
lack the necessary infrastructure and technical
capacity.

e Limited Cross-Domain Generalizability: Although
the model demonstrates strong performance on
benchmark datasets, its effectiveness may not
transfer seamlessly across diverse infrastructure
types such as smart grids and industrial [oT systems,
often requiring custom retraining to maintain
accuracy, which adds to the overall complexity of
deployment.

C. Ethical Considerations

e Over-Reliance on Automation: The growing
reliance on automated intrusion detection systems
risks diminishing human oversight in complex
scenarios, where nuanced judgment is essential, and
may lead to false alarms by misinterpreting benign
anomalies—such as routine maintenance activities-
as cyber threats.

e Bias in Training Data: Underrepresentation of
specific network types or attack scenarios in training
data can create detection blind spots, potentially
resulting in unequal cybersecurity protection across
different infrastructure components.

XIII. FUTURE DIRECTIONS

e Integration of real-time data: Enabling live detection
of evolving threats enhances the system’s
responsiveness and accuracy.

e Developing lightweight DNN models for edge
deployment: Creating efficient models suitable for
resource-constrained environments, such as IoT and
edge devices.

e Expansion of datasets to include sector-specific
threats: Incorporating attack scenarios targeting
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specific domains (e.g., healthcare, finance,
industrial ~ systems) to  improve  model
generalizability.

e Incorporation of continual learning: Allowing
models to adapt to new patterns and threats over
time without requiring complete retraining.

XIV. CONCLUSION

This study demonstrates the potential of hybrid deep learning
models, particularly CNN-BiLSTM with attention
mechanisms, to improve cybersecurity in critical
infrastructure by detecting various cyberattacks with high
accuracy and low false positive rates. Despite these
advantages, challenges such as reliance on synthetic datasets,
high computational needs, and limited generalizability to
different infrastructures were noted. Future research
directions include integrating real-time data, creating
lightweight models for edge devices, incorporating continual
learning, and addressing ethical concerns like model
transparency and bias to enhance the model's practical
applicability and scalability in real-world environments.
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Abstract— This study investigates how a hybrid model that
combines Random Forest (RF) and Deep Neural Networks (DNN)
might improve the classification of academic performance in e-
learning environments. The study makes use of sophisticated data
processing methods like feature selection and normalisation,
drawing on the xAPI-Edu dataset, which comprises demographic
and behavioural information from 480 students. With accuracies
ranging from 68% to 92%, prior research has demonstrated the
efficacy of several algorithms, including XGBoost and Logistic
Regression, in forecasting student performance. These studies,
however, frequently encountered difficulties with multi-class
categorisation, which our model resolves by separating low,
medium, and high performance with a noteworthy 80% accuracy.
Crucially, the study shows that tri-class data has a detrimental effect
on algorithm performance, as seen by the outcomes. With an
accuracy of up to 96% in binary classifications, the hybrid model
demonstrates its potential to enhance educational data mining and
facilitate well-informed decision-making in academic settings.

Keywords— e-learning RF, Deep neural network

L.INTRODUCTION

(Cameron Hashemi-Pour). Unlike classic methods,
e-learning allows employees and students to learn without
geographical boundaries and has developed to include
multidirectional interaction using interactive tools, giving
learners the freedom to choose how they receive and engage
with information. E-learning is a modern educational
approach conducted via the Internet or internal networks,
allowing learners to access courses anytime and anywhere
through a browser. The importance of e-learning lies in its
crucial role in academic education and professional skill
development, especially with rapid technological
advancements requiring continuous training to keep up with
changes, such as quantum computing, which will impact
programming and cybersecurity fields. Companies are
increasingly relying on Learning Management Systems
(LMS) to train employees and enhance their skills, while
educational institutions integrate these technologies both
inside and outside classrooms. According to a 2022
McKinsey survey, 65% of higher education students prefer
retaining some aspects of e-learning even after the pandemic.
(Connolly, 2023). Automation and Al are transforming the e-
learning landscape, with the potential to automate up to 30%
of'tasks in 60% of jobs, according to a 2023 McKinsey report.
Al can enhance eLearning by analyzing large data sets,
personalizing learning experiences, automating grading, and
providing virtual tutoring. Al systems can monitor student
progress, adapt learning activities, and provide real-time
support. While Al won’t replace human teachers, it can
reduce administrative tasks, allowing educators to focus more
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on teaching. Al's integration in education promises to
improve efficiency and support learning at scale.

(McCarthy, 2007). Artificial intelligence (Al) is a field that
aims to develop intelligent machines capable of mimicking
human abilities, primarily through computer programming.
Intelligence is based on computational abilities to achieve
goals, but there is still no precise definition of it. Al research
began after World War II, with Alan Turing being one of the
first to propose its development through programming. Al
branches into various fields, such as logical reasoning,
learning from experience, planning, and pattern recognition,
enabling its application in areas like gaming, speech
recognition, natural language processing, and expert systems.
Despite significant advancements, Al still faces challenges,
including the difficulty of reaching true human-level
intelligence and ethical concerns related to its use and impact
on jobs and society.

(Kumar, Last updated on Jan 22, 2025). Artificial Intelligence
(AJ) is classified based on capabilities, functionalities, and
technologies. In terms of capabilities, Narrow Al (Weak Al)
performs specific tasks like facial recognition, General Al
(Strong AI) has human-like cognitive abilities, and
Superintelligent Al (a future concept) surpasses human
intelligence. Based on functionalities, Reactive Machines
respond without memory, Limited Memory Al learns from
past data, Theory of Mind Al aims to understand emotions,
and Self-aware Al (still theoretical) would have
consciousness. Regarding technologies, Al includes Machine
Learning (ML) for self-improvement, Deep Learning for
complex pattern recognition, Natural Language Processing
(NLP) for human language understanding, Computer Vision
for image interpretation, Robotics for autonomous machines,
and Expert Systems for domain-specific problem-solving.

II.LRESEARCH CONTRIBUTION

Creation of a Hybrid Model: To improve classification
accuracy, Random Forest and Deep Neural Network
algorithms were combined.
Student Data Analysis: Made use of an extensive dataset
(xAPI-Edu) that included behavioural and demographic data.
Data Processing Methodology: To maximise model
performance, strategies including feature selection and
normalisation were put into practice.
High Accuracy Achievement: The hybrid model classified
academic performance into binary categories with 96%
accuracy.

Determining the Limitations of Multi-Class Classification
acknowledged the difficulties in dealing with tri-class data,
and in this case, achieved 80% accuracy.
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III.LITERATURE REVIEW

(Cohausz, Tschalzev, Bartelt, & Stuckenschmidt,
2024)"Investigating Demographic Features and Their
Connection to Performance, Predictions, and Fairness in
EDM Models." The xAPI-Edu dataset, which contains
demographic and behavioural information on 480 Arab
students enrolled in online courses, was the main focus of this
investigation. Students were divided into three performance
levels, low, medium, and high, by the researchers using
XGBoost and Generalised Linear Models (GLM) in a
multiclass classification problem. According to the results,
XGBoost performed best when all features (demographic and
study-related) were used, with an Fl-score of 0.78, as
opposed to 0.74 when study-related features were used alone.
This suggests that predicted accuracy was not considerably
increased by demographic characteristics.  Further
investigation, however, showed that models continued to rely
on demographic characteristics when they were accessible,
which raised questions about fairness to the impact of
sensitive variables on forecasts.
(Qian, Chen, Zhao, Li, & Huai, 2024) The research paper
titled "Exploring Fairness in Educational Data Mining in the
Context of the Right to be Forgotten" examines how model
fairness in educational settings is affected by selective
forgetting. To forecast academic achievement, the study
makes use of the xAPI-Edu-Data collection, which includes
behavioural and demographic data about students.
Classification algorithms like Multi-Layer Perceptrons
(MLP) and Logistic Regression (LR) were used. Three
classification classes, high, medium, and low performance,
are used in this work. In addition to demonstrating a notable
increase in fairness gaps (e.g., by gender) with the application
of unlearning, experimental results demonstrated that the
models obtained high accuracy, reaching up to 84.12% with
the MLP-2 model under partial unlearning situations.
(Liu, Wang, Du, & Yuan, 2022) " The paper titled "A
Predictive Model for Student Achievement Using Spiking
Neural Networks Based on Educational Data" explains how
to use the xAPI-Edu-Data database, which has data on 480
students. The data was analysed and divided into three
groups: low (L), medium (M), and high (H) using algorithms
like logistic regression, decision trees, and XGBoost. Both
binary and multi-class classification were used in the
investigation. In binary classification, the model's accuracy
was 81.4% for category A (Excellent) and 92% for category
B (Good). The accuracy in multi-class classification was 68%
for the high category (H) and 84.375% for the medium
category (M). These outcomes demonstrate how well the
model works to increase the precision of student achievement
predictions made from educational data.
(Cohausz, Tschalzev, Bartelt, & Stuckenschmidt, 2023) In
the research paper titled "Investigating the Importance of
Demographic Features for EDM-Predictions," The xAPI-
Edu-Data dataset, which includes information on 480
students' academic performance as well as several metrics
about their study habits, was used. Generalised Linear
Models (GLMs) and XGBoost were among the techniques
used in the study. Using a three-class categorisation
approach, performance was divided into three classes: 0-69,
70-89, and 90-100. According to the results, the model's
recorded accuracy was 0.76 (76%), demonstrating how well
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it predicted student performance using the information at
hand.

(Farhood, Joudah, Beheshti, & Muller, 2024)"Evaluating and
Enhancing Artificial Intelligence Models for Predicting
Student Learning Outcomes." The xAPI-Edu-Data dataset,
which comprises student data from 14 nations, was the main
focus of this investigation. Binary classification (Pass/Fail)
was used to predict student results, with "Low" performance
being classified as "Fail" and "Middle" and "High"
performance as "Pass." Three deep learning models and seven
machine learning models were put to the test. Using k-fold
cross-validation, the Random Forest model had the highest
accuracy of any machine learning technique (92.70%), while
the Gradient-Boosted Neural Network (GBNN) was the best
deep learning model with an accuracy of 91.44%. Lasso
feature selection increased the accuracy of a number of
models, particularly kNN and logistic regression.
(Tsiakmaki, Kostopoulos, & Kotsiantis, 2024) The scientific
paper titled "Exploiting the Regularized Greedy Forest
Algorithm Through Active Learning for Predicting Student
Grades: A Case Study" offers a fresh method for forecasting
student achievement. The xAPI-Edu-Data dataset, which was
gathered by the researchers using the Kalboard 360 learning
management system, includes behavioural, academic,
demographic, and parental participation data for 480 children.
Using an active learning framework, the study implemented
the Regularised Greedy Forest (RGF) method and evaluated
its performance against popular classification algorithms as
C4.5 Decision Tree, Naive Bayes, Artificial Neural Networks
(ANN), Bagging, Boosting, and Random Forests. Three
classes were used for the categorisation exercise, which
sought to classify student performance as poor, medium, or
high. With an accuracy of 81.60%, the results demonstrated
that the suggested RGF-based model performed better than
any other approach, demonstrating its usefulness in
educational data mining and early risk assessment of students.
(Roslan & Chen, 2022)"Educational data mining for student
performance prediction: feature selection and model
evaluation." The xAPI-Edu-Data database, which includes
detailed information about 480 students, including social and
academic traits as well as classroom behaviours, was used in
this study. The Extreme Gradient Boosting (XGBoost)
technique was used for classification, and the Adaptive Sea
Horse Optimisation (ASHO) approach was used for feature
selection. Based on their academic performance, pupils are
divided into two groups: "Successful" and "Unsuccessful"
under the binary categorisation type. With a 92.3% accuracy
rate, the model demonstrated how well the strategies
employed to forecast student performance and improve
educational outcomes worked.

(Sengupta, 2023)The paper titled "Towards Finding a
Minimal Set of Features for Predicting Students' Performance
Using Educational Data Mining" provides a thorough
analysis to improve machine learning models' ability to
predict student success. The Xap-Edu-Data dataset, which
gathers data on student interactions within a Learning
Management System (LMS), was used in the study. The study
used a number of methods, such as Random Forests (RF),
Support Vector Machines (SVM), and Decision Trees.
Academic performance was used as the basis for
classification, and both binary and multi-class analyses were
used to ascertain the correlations between various
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characteristics. ~ Significant predictive accuracy was
demonstrated by the results, with some models reaching
accuracies of up to 89% in binary classification and 85 multi-
classification, demonstrating the efficacy of the algorithms
employed in enhancing comprehension of student
performance. This study's methodical data analysis aids in the
creation of more effective teaching methods.

IV.CRITICISM OF PREVIOUS STUDIES

Although the data is based on a three-class
categorisation scheme, prior research has demonstrated that
the algorithms used to analyse student performance data,
which includes behavioural, academic, and demographic
attributes, have obtained relatively low classification
performance. This finding prompted enquiries on whether the
complexity of tri-class classification presents a problem that
impairs the effectiveness of conventional algorithms. Thus,
the purpose of this study is to assess the suggested hybrid
model utilising tri-class labelled data by adopting a particular
data preprocessing methodology that entails breaking the
dataset up into smaller groups and examining each group
separately, as explained in the methodology section. This
method aims to improve classification accuracy and evaluate
the hybrid model's efficacy in contrast to conventional
methods.

V.METHODOLOGY
This study's technique combines an applied and quantitative
experimental approach. The RF-led (performance)

mechanism is introduced in the methodology. Shown is the
first suggested model's architecture. A description of the RF
implementation mechanism is given. A flowchart of a deep
neural network is also included. An innovative deep neural
network featuring a layer for adaptive attention. The
methodology part also presents the architecture of the second
suggested model, the DNN implementation mechanism,
dataset collection, data processing, data reduction, data

conversion, and data normalisation.

VIL.RANDOM FOREST PERFORMANCE MECHANISM (FLOW

89

CHART)

Figure 1 below demonstrates the flowchart of the
modeling process of this proposed model. The historical data,
Preprocessing of Historical data, and loading of historical
data are illustrated in the first and second steps. The third step
is to define the initial SVM parameters and the kernel
function that will be used in the proposed model. Then, the
training process is demonstrated in the fourth step. The
historical data are split into v parts. One subset is used as a
validation part, and the remaining is used to train the model
in the fifth step. Then, the trained model and unseen data are
explained in the sixth step. A proposed model of the
forecasting process is described in the seventh step.

This flowchart represents the process of building a Random
Forest model, which is an ensemble learning technique based
on constructing multiple decision trees and averaging their
predictions. Here's a step-by-step explanation:

1- Select "K" random data points: Randomly select K data
points from the training dataset. This introduces diversity into
the model.
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2- Construct a decision tree: Build a decision tree using the
selected data points. Each tree is trained on a different subset
of the data.

3- Choose the number of trees (N): Determine how many
decision trees (N) will be built to form the forest. A higher
number of trees generally improves accuracy.

4- Predict y 1 y 1 for all trees: Each decision tree makes a
prediction (y 1 y 1 ) based on its training data.

5- Average y 1 Sy 1 S: The final prediction is made by
averaging the predictions from all the decision trees (for
regression) or using a majority vote (for classification).

6- END: The process ends with the final prediction or
decision.

This method reduces overfitting and improves prediction
accuracy by combining multiple weak models (decision trees)
into a strong, reliable model.

Select "K'" random data point

v

Construct decision tree

h 4
Choose no N tree

h 4
Predict v1 for all trees

Average yv1S

h 4
END

- >
Figure 1: Demonstrates a Random Forest Flow Chart

Random Forest Implementation Mechanism

The R F Implement Mechanism is based on various elements
such as:

1. Import the libraries: the main libraries include Scikit-learn,
Pandas, NumPy 1.17.4, and Matplotlib.

2. Upload the dataset: Load the breast cancer dataset from the
Kaggle machine learning repository.
3. Split the dataset into X and Y: X represents 12 features
except for the Class features. Y represents one feature called
Class has three categories: Medium, Low, and High.

4. Split the X and Y dataset into the training set and test set:
in this case, the given 80% for the Training and 20% for the
test.

5. Perform normalizations for features: in this case, transfer
numbers over two between 0 and 1.
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6. Fit the proposed model to the training set.

7. Predict the test set results: this case determines the
performance of the model based on three categories, Medium,
Low, and High. Also, two categories, Low and High,
respectively.

Input Laye Layer Hidden Layerl
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8. Make the confusion matrix: this case depends on TP, FP,
FN, and TN.

9. Visualization of the test set results: In this paper use an
Excel tool to visualize the results.

Deep Neuron Network Flowchart

Hidden Layer 2 Output Layer

Figure 2: Deep Neuron Network Flowchart

Figure 2 above demonstrates a flow chart for deep neuron
networks such as the input layer in Stage One and Stage Two,
Three demonstrates the hidden layer including the Rectified
Linear Unit function, and finally, the output layer includes the
Sigmoid and softmax function if the output is true or false or

0,1 and include SoftMax function if the class label has more
than Two patterns shown in Stage Four.

A novel Deep Neural Network with Adaptive Attention
Layer

| Input Layer |

|Adapti\r= Attention Layer| | Hidden Layer 1 |

|Hir.|d=n Layer 2 | |Output Layer|

Meural Network visualization

"

f"'“b'f"”"" f.nm f““ f

Figure 3: A novel Deep Neural Network with Adaptive Attention Layer

Figure 3 above demonstrates a flow chart for expanding deep
neuron networks such as the input layer in Stage One, the
adaptive attention layer in Section Two, and Stage Three,
Four demonstrates the hidden layer, including the Rectified
Linear Unit function, and finally, output layer includes the
Sigmoid function if the output is true or false or 0,1 and
include SoftMax function if the class label has more than Two
patterns shown in Stage Five.

A Novel Deep Neural Network Work Mechanism for
Every Epoch

Adaptive Attention Layer

Data is then supplied to the neural network, which assigns a
weight to each input. Each input is given a relative priority
based on the weights' exponential values. To make sure the
weights are scaled correctly, these values are then normalized
by dividing each exponential value by the sum of all
exponential values. The relative influence of each input on
the network is then calculated by multiplying it by its
normalized weight. ' _

The input layer is represented by x* and weights by w!

[ ]
https://doi.org/10.20428/jst.v30i7.2948

eWleneemne(1)

o)

;:‘:z * x' This equation represents weighted inputs.-------- 3)
)

Equations 1 to 4 represent to intelligence vector used to make
an algorithm achieve high performance.

Forward Propagation
In this case, the state outputs are computed using the
following procedure: the weighted inputs are added together
with a bias term, and the result is then run through the
Sigmoid activation function, which assurances that the output
values stay between 0 and 1. The outputs are then compared
with the target values, and the error is determined by the
difference between them.
Ix'w' + b.

. . 1
Slngld :.m .
The result is passed through the Sigmoid activation function
to limit the output between 0 and 1.
Calculate Error =0.5 * (Target- output value)"2.
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]

The error is computed as the difference between the actual

and target values.
1

Softmax = 1+e—last nodevalue

VII. BACKPROPAGATION
After determining the mistake, the network begins using
backpropagation to fix it. Initially, the final node's error
gradient is calculated using the difference between the
expected and actual output. The error gradient for earlier
nodes is then computed using their values. Lastly, the weights
are modified based on the learning rate, gradually decreasing
the error by modifying the previous weights.
The neural network's predictions become more accurate as a
result of repeating this process over several epochs until the
error is reduced.
To modify the weights and reduce error throughout the neural
network, backpropagation is utilized.
6 lastnode = output(1 — output) * (target — output).
6§ lastnode — 1 = lastnode — 1 value(1 — lastnode —
1 value).
Calculate new weights
New weights last node, last node-1 = old weight +7
*§ lastnode *lastnode — 1 valu.

VIII.DNN IMPLEMENTATION MECHANISM
The Deep Neuron Network Implementation Mechanism is
based on various elements such as:
1. Import the libraries: the main libraries include Scikit-learn,
Pandas, NumPy 1.17.4, and Matplotlib.
2. Upload the dataset: Load the CIC-IDS dataset from the
Kaggle machine learning repository.
3. Processing dataset
4. Split the dataset into X and Y:
5. Fit the proposed model to the training set.
6. Predict the test set results: this case determines the
performance of the model based on three categories, Medium,
Low, and High. Also, two categories, Low and High,
respectively.
7. Make the confusion matrix: this case depends on TP, FP,
FN, and TN.
8. Visualization of the test set results: In this research, an
Excel tool is used to visualize the results.

The Architecture of the Proposed Hybrid Model

Student
Performance

Data preprocessing

Choosing Appropriate Hyper
Parameters

Dataset Reducing Data

Feature Selection

Convert Data

Splitting Dataset

Normalization Data

Train Test Split

Random State

Building Hybrid Model

Evaluations

DNN

Deep
Features

Performance
Metrics

Training RF by
Deep Features

Figure 4: Architecture of the Proposed Hybrid Model

The general architecture of the proposed model consists of
four phases, which are illustrated in Figure 4 above. These
phases are data collection, data processing, hyperparameters,
the proposed hybrid model (DNN, RF), and evaluation of the
applied model.

Dataset Collection

Journal of Science

and Technology

480 records and 17 attributes make up the Students'
Academic Performance Dataset (xAPI-Educational Mining
Dataset), which was obtained from Kaggle and offers
thorough information about students in an online learning
environment. Along with academic identifiers like stage ID,
grade ID, and section ID, the collection also contains
demographic information like gender, nationality, and place
of birth. The subject and semester being studied are also
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specified. The "Relation," "ParentAnsweringSurvey," and
"ParentSchoolSatisfaction" elements all represent parental
participation and relationship. Metrics like raised hands,
resource visits, announcement views, and discussion
involvement are used to gauge how engaged students are. The
"StudentAbsenceDays" portion of the dataset also keeps track

N. M. A. Munassar  A. S. AL-Hurdi
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of attendance. Three levels of academic achievement are
distinguished by the goal variable, "Class," which is divided
into low, middle, and high. The main purpose of this dataset
is to evaluate and forecast student involvement and
performance in online learning settings.

Table 1:Demonstration Dataset with All Features

Features name

Gender

Nationality

PlaceofBirth

StagelD

GradelD

SectionlD

Topic

Semester

Relation

raisedhands

VisITedResources

AnnouncementsView

Discussion

ParentAnsweringSurvey

ParentschoolSatisfaction

StudentAbsenceDays
Class
Data Processing
Data processing involves converting and

normalizing data for analysis, while data reduction is about
simplifying and minimizing the dataset to enhance algorithm
performance.

Data Reducing

The dataset initially contains 17 features, but after
the data reduction process, the number of features was
reduced to 13. The features reduced Nationality,
PlaceofBirth, Grade ID, and Section ID.

Table 2: Before and after conversion.

Data after Data Feature Data Data Features name Data Data before Features
conversion  before name after before after conversion name
conversi conversi  conversion conversi
on on on
1 Good 9 Spanish Topic 1 Male Gender
0 Under-7  StudentA 10 Quran 0 Female
1 Above-7  bsenceD 3 History 1 lower level StagelD
ays
2 L Class 6 Biology 2 middleschool
1 M 3 HighSchool
3 H 1 IT Topic
0 F Semester 2 Math
1 S 2 Arabic
1 Father Relation 9 Science
0 Mum 8 English
0 No ParentAnsweri 10 French
1 Yes ngSurvey 4 Geology
2 Bad 5 Chemistry

Table 3 above contains a set of features used for data analysis,
where textual values are converted into numerical values to
facilitate processing and analysis. For example, the "Gender"
feature is converted into numerical values: Male is
represented by 1, and Female by 0. Similarly, "Student
Absence Days" is categorized into two classes: students

@
: https://doi.org/10.20428/jst.v30i7.2948

absent for fewer than 7 days (Under-7) are assigned 0, while
those absent for more than 7 days (Above-7) are assigned 1.
The "StagelD" feature represents the education level, where
the lower level is assigned 1, middle school is assigned 2, and
high school is assigned 3. The same conversion applies to
other features like "Semester," "Relation" (Father = 1, Mum
= 0), "Parent Answering Survey" (Yes = 1, No = 0), and
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"Topic," where different subjects such as Math, Science, and
IT are assigned specific numerical values. This
transformation helps in data processing and machine learning
applications.

Data Before Normalization
Table 1: Ilustrates Data Before Normalization

remain unchanged at 1.0, while others like "Semester" and
"ParentSchoolSatisfaction" are represented as 0.0.
Normalization is typically applied to enhance the
performance of machine learning algorithms by reducing the
effect of varying scales in the dataset.

Features Selection

Features Data before normalization Following data preparation, Table 2 displays the important
Gender 1 attributes selected for student performance analysis during
StagelD 1 the Feature Selection stage. Demographic information like
Topic 1 gender, stage ID, topic, and semester is among these features.
Semester 0 Variables  like . raised .hands? VisitedResources,
Relation 1 AnnouncementsView, and .].)1scus51on also show how

5 engaged students are. Additionally, StudentAbsenceDays
Rfused hands 15 shows how many days a student was absent, while
VisITedResources 16 ParentAnsweringSurvey ~ and  ParentSchoolSatisfaction
AnnouncementsView 2 record parental involvement. Class, which stands for the
Discussion 20 student's overall performance level, is the target variable for
ParentAnsweringSurvey 1 classification.
Parent School 1 Table 5: Dataset After Processing
Satisfaction: Features name
StudentAbsenceDays 0 Gender
Class 1 StagelD

Topic
Data After Normalization Semester

Table 2 demonstrates the Data After Normalization Relation
Features Data normalization raisedhands
Gender 1.0 VisITedResources
StagelD 0.0 AnnouncementsView
Topic 0.0 Discussion
Semester 0.0 ParentAnsweringSurvey
Relation 1.0 ParentschoolSatisfaction
Raised hands 0.15 StudentAbsenceDays
VisITedResources 0.161616 Class
AnnouncementsView 0.020408
Discussion 0.193878 Splitting Dataset
ParentAnsweringSurvey 1.0 The dataset was divided into multiple performance
Parent School Satisfaction: 0.0 groups: students with high and low performance were
StudentAbsenceDays 0.0 included in the first category; students with high and medium
Class 1 performance were included in the second category; students

Tables 4 and 5 above show data before and after
normalization. In the "before normalization" dataset, the
values represent raw, unprocessed data. For example, the
"Raised hands" feature has a wvalue of 15, and
"VisitedResources" has a value of 16. Other features, like
"Gender" and "StagelD," are represented using binary values
(0 or 1). After normalization, the values are scaled to a range
between 0 and 1 to ensure consistency and comparability. For
instance, "Raised hands" is normalized to 0.15, and
"VisitedResources" becomes approximately 0.1616. Binary
values such as "Gender" and "ParentAnsweringSurvey"

with medium and low performance were included in the third;
and students with pass and fail performance were included in
the fourth. Following the data's classification into these
groups, each group was entered independently into the
suggested model, enabling the tracking and examination of
the outcomes from each category separately. This procedure
helps to improve learning strategies and provide suitable
support for students in each group by assisting in the
comprehension of how academic performance levels affect
the model's outcomes.

Binary Categories (Low, High) Dataset

Table 3: Dataset with Binary Categories (High, Low)

Gender : Represents the student's gender (1 for male, 0 for female).

StagelD The educational stage (e.g., Primary, Middle, or High School

Topic The subject of study, represented by a numerical value

Semester The semester of the academic year (0 or 1).

Relation The student's relationship with their parents (1 for a good relationship, 0 otherwise).
Raised hands The number of times the student raised their hand to participate

VisITedResources The number of resources the student visited

Journal of Science

and Technology

https://journals.ust.edu/index.php/JST


https://journals.ust.edu/index.php/JST

N. M. A. Munassar  A. S. AL-Hurdi
Volume 30, Issue (7), 2025 :

AnnouncementsView

The number of announcements the student viewed

Discussion

The number of discussion contributions made by the student

ParentAnsweringSurvey

Whether the parent answered the school survey (1 for Yes, 0 for No).

Parent School Satisfaction:

Parental satisfaction with the school (1 for satisfied, 2 for unsatisfied).

StudentAbsenceDays

Number of absence days (0 for low absence, 1 for high absence).

Class

The student's performance classification (1: Low, 2: High).

Table 6 above: Binary Categories (High, Low). This table
includes a set of features that describe student performance
and their relationship with the school. Gender is represented
by a number (1 for male, 0 for female), and it includes
information about the educational stage, subject of study,
semester, student-parent relationship, number of times the
student raised their hand to participate, resources visited, and

number of announcements viewed. It also includes the
number of discussion contributions, whether the parent
answered the school survey, parental satisfaction with the
school, number of absence days, and the student's
performance classification (1: Low, 2: High).

Binary Categories (Medium, High) Dataset

Table 10: Dataset with Binary Categories (High, Low)

Gender : Represents the student's gender (1 for male, 0 for female).

StagelD The educational stage (e.g., Primary, Middle, or High School

Topic The subject of study, represented by a numerical value

Semester The semester of the academic year (0 or 1).

Relation The student's relationship with their parents (1 for a good relationship, 0 otherwise).
Raised hands The number of times the student raised their hand to participate

VisITedResources The number of resources the student visited

AnnouncementsView The number of announcements the student viewed

Discussion The number of discussion contributions made by the student

ParentAnsweringSurvey

Whether the parent answered the school survey (1 for Yes, 0 for No).

Parent School Satisfaction:

Parental satisfaction with the school (1 for satisfied, 2 for unsatisfied).

StudentAbsenceDays

Number of absence days (0 for low absence, 1 for high absence).

Class

The student's performance classification (1: Medium, 2: High).

Table 7 above: Binary Categories (Medium, High). This table
is similar to Table 1 but focuses on classifying student
performance into three categories: Medium and High. It
retains the same features as mentioned in Table 1, with the
performance classification adjusted to include (1: Medium,
2:High).

This table offers additional insights into student performance
in the medium and high categories.

Binary Categories (Medium, Low) Dataset

Table 11: with Binary Categories (High, Low)

Gender : Represents the student's gender (1 for male, 0 for female).

StagelD The educational stage (e.g., Primary, Middle, or High School

Topic The subject of study, represented by a numerical value

Semester The semester of the academic year (0 or 1).

Relation The student's relationship with their parents (1 for a good relationship, 0 otherwise).
Raised hands The number of times the student raised their hand to participate
VisITedResources The number of resources the student visited

AnnouncementsView The number of announcements the student viewed

Discussion The number of discussion contributions made by the student

ParentAnsweringSurvey

Whether the parent answered the school survey (1 for Yes, 0 for No).

Parent School Satisfaction:

Parental satisfaction with the school (1 for satisfied, 2 for unsatisfied).

StudentAbsenceDays

Number of absence days (0 for low absence, 1 for high absence).

Class

The student's performance classification (1: Medium, 2: Low).

Table 8 above: Binary Categories (Medium, Low). This table
complements the previous categories, focusing on classifying
student performance into (Medium and Low). It retains the
same features as in the previous tables, with the performance
classification adjusted to include (1: Medium, 2: Low). This
table aims to provide a comprehensive view of student
performance in the low and medium categories. Each table
assists in analyzing data related to student performance and

https://doi.org/10.20428/jst.v30i7.2948

their relationships with the school, facilitating informed
educational decisions, and Table 9 below illustrates the
binary category Pass and Fail. Pass includes high
performance and medium performance; fail includes low
performance..

Binary Categories (Pass, Fail) Dataset
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Table 12: with Binary Categories (High, Low)

Gender : Represents the student's gender (1 for male, 0 for female).

StagelD The educational stage (e.g., Primary, Middle, or High School

Topic The subject of study, represented by a numerical value

Semester The semester of the academic year (0 or 1).

Relation The student's relationship with their parents (1 for a good relationship, 0 otherwise).
Raised hands The number of times the student raised their hand to participate
VisITedResources The number of resources the student visited

AnnouncementsView The number of announcements the student viewed

Discussion The number of discussion contributions made by the student

ParentAnsweringSurvey

Whether the parent answered the school survey (1 for Yes, 0 for No).

Parent School Satisfaction:

Parental satisfaction with the school (1 for satisfied, 2 for unsatisfied).

StudentAbsenceDays

Number of absence days (0 for low absence, 1 for high absence).

Class

The student's performance classification (1: Pass, 2: Fail).

Three Categories Dataset

Table 4: Dataset with Three Categories (High, Medium, Low)

Gender : Represents the student's gender (1 for male, 0 for female).

StagelD The educational stage (e.g., Primary, Middle, or High School

Topic The subject of study, represented by a numerical value

Semester The semester of the academic year (0 or 1).

Relation The student's relationship with their parents (1 for a good relationship, 0 otherwise).
Raised hands The number of times the student raised their hand to participate
VislTedResources The number of resources the student visited

AnnouncementsView The number of announcements the student viewed

Discussion The number of discussion contributions made by the student

ParentAnsweringSurvey

Whether the parent answered the school survey (1 for Yes, 0 for No).

Parent School Satisfaction:

Parental satisfaction with the school (1 for satisfied, 2 for unsatisfied).

StudentAbsenceDays

Number of absence days (0 for low absence, 1 for high absence).

Class

The student's performance classification (1: Low, 2: Medium, 3: High).

Train Test Split Function
In this paper, a single function is used to execute training and
testing for the algorithm, namely, the splitting data 80-20.

Random State

This variable is used to shuffle the data and then enter the data
into the model for examination to ensure the performance of
the model, and this operation continues until the best accuracy
is achieved. This paper used values random state=42, 7
achieved high accuracy.

IX.BUILDING A HYBRID MODEL

The suggested model is a hybrid approach that
improves classification performance on educational data
from the xAPI-Edu dataset by combining the Random Forest
classifier with Deep Neural Networks (DNN). Preprocessing,
which includes feature normalisation and target label
encoding, is the first step in the procedure. After that, the
input data is run through the DNN, which has a final Softmax
output layer and hidden layers with ReLU activation. Deep
features are taken from the DNN's penultimate layer after
training. The Random Forest algorithm then uses these
acquired features as inputs to get the final classification. This
hybrid method makes use of Random Forest's robust
classification capabilities and the DNN's capacity to learn
abstract feature representations. Model performance is
assessed using a confusion matrix and accuracy.

Performance Evaluation

Journal of Science
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This case demonstrates the experimental setup and
experimental result for the proposed algorithm.

Experimental Setup

The algorithms are implemented using Python.
Experiments are performed on a Device named LAPTOP-
CDTI2F87. Processor Intel(R) Core (TM) i7-1065G7 CPU @
1.30GHz 1.50 GHz Installed RAM 8.00 GB (7.77
GB usable) System type 64-bit operating system, x64-based
processor. We used different sizes of text files in our
experiments.

Accuracy:

The percentage of correctly classified objects used
to calculate the classifier’s accuracy is calculated accuracy is
explained by Equation (1) as follows:

True Positive+True Negative

=( Q)

True Positive+True Negative+False Negative+False Positive
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X.RESULTS
Table 5: Demonstrates Proposed Hybrid Model
Model Dataset Used Category Confuse Matrix ACC
TP FP FN TN

Hybrid Binary Category Binary 29 0 2 23 0.96
Model Dataset(L,H)
Hybrid Binary Category Binary 27 4 1 36 0.93
Model Dataset(M,L)
Hybrid Binary Category Binary 33 14 6 27 0.75
Model Dataset(H,M)
Hybrid Binary Category Binary 26 0 6 64 0.94
Model Dataset(Pass,Fail)
Hybrid Three Category H,L,M 0.80
Model Dataset(L,H,M)

A thorough assessment of the suggested hybrid classification
model applied to a variety of binary and multi-class datasets
drawn from educational data is provided in Table 8:
Demonstrates the Proposed Hybrid Model. The table displays
the overall accuracy (ACC) for each classification scenario
along with key performance indicators based on the
confusion matrix: True Positives (TP), False Positives (FP),
False Negatives (FN), and True Negatives (TN). The model
demonstrated good precision and dependability with an
accuracy of 0.96 in the binary classification of (Low, high)
and no false positives. Despite a minor rise in false positives,
the model continued to perform well for the (Medium, Low)
binary classification, maintaining an accuracy of 0.93. The
accuracy dropped to 0.75 in the (High, Medium) binary case,
indicating a higher level of confusion between these two
classes, possibly as a result of overlapping features. The
model demonstrated strong results with 0.94 accuracy and no

false positives when analysing the (Pass, Fail) binary
classification, proving its efficacy in differentiating academic
outcomes. Finally, the model achieved an accuracy of 0.80 in
the three-category classification, including Low, Medium,
and High. Given the added complexity of multi-class
classification, this result is deemed acceptable even if it is
marginally lower than in the binary situations. Overall, Table
8 shows how well the model performs in binary classification
and how the kind of classification—binary versus multi-
class—affects the model's accuracy and predictive
dependability in educational data mining.

Comparison Between Previous Studies and the Proposed
Hybrid Model

Table 6: Demonstrates Comparison between previous studies and Proposed Hybrid Model

Researcher(s) Algorithm(s) Used Dataset Classification Accuracy / Performance
(Year) Type
Cohausz et al. XGBoost, GLM xAPI-Edu Multiclass (Low, Fl-score: 0.78 (XGBoost with all

(2024)

Medium, High)

features)

Qian et al. Logistic Regression, xAPI-Edu-Data  Multiclass (High, Accuracy: 84.12% (MLP-2 under
(2024) MLP Medium, Low) partial unlearning)

Liu et al. Spiking NN, Logistic xAPI-Edu-Data  Binary & Accuracy: 92% (Binary), 84.38%
(2022) Regression, Decision Multiclass (Medium), 68% (High)

Trees, XGBoost

Cohausz et al.

(2023)

XGBoost, GLM

XAPI-Edu-Data

Multiclass (0—69,
70-89, 90-100)

Accuracy: 76%

Farhood et al. Random Forest, GBNN, xAPI-Edu-Data  Binary (Pass/Fail) Accuracy: 92.70% (RF), 91.44%
(2024) Lasso, kNN, Logistic (GBNN)
Regression
Tsiakmaki et RGF, C4.5, Naive Bayes, xAPI-Edu-Data  Multiclass (Low, Accuracy: 81.60% (RGF)
al. (2024) ANN, Bagging, Medium, High)
Boosting, Random Forest
Roslan & ASHO (Feature xAPI-Edu-Data  Binary Accuracy: 92.3%
Chen (2022) Selection), XGBoost (Successful/Unsu
ccessful)
Sengupta Decision Trees, SVM, xAPI-Edu-Data  Binary & Accuracy: 89% (Binary), 85%
(2023) Random Forest Multiclass (Multiclass)
Our work Proposed Hybrid Model =~ xAPI-Edu-Data  Binary Category 96%
Dataset(L,H)
Our work Proposed Hybrid Model =~ xAPI-Edu-Data  Binary Category 75%
Dataset(M,H)
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Our work Proposed Hybrid Model =~ xAPI-Edu-Data  Binary Category 93%
Dataset(L,M)

Our work Proposed Hybrid Model =~ xAPI-Edu-Data  Binary Category 94%
Dataset(Pass,
Fail)

Our work Proposed Hybrid Model =~ xAPI-Edu-Data  Triple Category 80%

Dataset(M, L, H)

A thorough academic comparison between earlier research
and the suggested hybrid model is shown in Table 9, with an
emphasis on student performance analysis using the xAPI-
Edu-Data dataset. The table is organised into five primary
columns: Accuracy/Performance, Dataset, Classification
Type, Algorithm(s) Used, and Researcher(s) and Year. The
information demonstrates how different machine learning
algorithms, such as XGBoost, GLM, Logistic Regression,
MLP, Random Forest, Naive Bayes, SVM, and others, were
used in earlier research. The classification methods included
multiclass schemes (e.g., Low, Medium, High) and binary
classifications (e.g., Pass/Fail or Successful/Unsuccessful).
Performance varied by study. For instance, Liu et al. (2022)
obtained 92% accuracy for binary classification and 68%
accuracy for the "High" class in multiclass classification;
Cohausz et al. (2024) used XGBoost with all characteristics
and obtained an Fl-score of 0.78. The suggested hybrid
model performed better than a lot of current techniques,
especially when it came to binary classification problems. It
was able to differentiate between Low and High categories
with 96% accuracy, Pass/Fail with 94%, Low/Medium with
93%, and Medium/High with 75%. The suggested model
achieved an accuracy of 80% for the multiclass categorisation
of (Low, Medium, High). The table concludes by showing
that the suggested hybrid model performs noticeably better
than earlier methods, particularly in binary classification
scenarios, proving its usefulness in student performance
prediction and educational data mining.

XI.CONCLUSION
This study uses the xAPI-Edu-Data dataset to analyse and
forecast students' academic performance using a

sophisticated hybrid model that combines Deep Neural
Networks (DNN) and the Random Forest (RF) method. To
guarantee ideal model performance, a thorough sicertain
methodological approach comprising feature selection, data
preparation, and normalisation was used. The efficiency of
the suggested hybrid model in more straightforward, binary
classification scenarios was highlighted by its high accuracy
in binary classification tests, which included 96% accuracy in
the Low/High category and 93% accuracy in the
Low/Medium category. However, while working with multi-
class (three-category) data, the study also identified a
significant drawback. In particular, the model's accuracy in
the Low/Medium/High classification job decreased to 80%.
Given the increasing class overlap and difficulty in
differentiating between similar performance levels, this
reduction suggests that three-class classification has a
detrimental effect on the model's predictive power. In
comparison to binary-class data, the results demonstrate that
tri-class data presents additional difficulties for machine
learning algorithms and results in lower model efficiency. In
contrast to earlier research that used more conventional
methods like logistic regression, XGBoost, and multi-layer
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perceptrons, the suggested hybrid model produced better
accuracy and dependability results in binary classification
tasks. These outcomes highlight how well the model may be
used to predict student performance and mine educational
data. To further enhance decision-making processes in
educational institutions, future research should concentrate
on strengthening interpretability and the model's ability to
handle multi-class classification more successfully.
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Abstract— Although IoT-based solutions are widely employed
in various fields, they frequently rely on traditional email
notifications or third-party platforms like ThingSpeak, Blynk, AWS
IoT, Microsoft Azure IoT, and Google Cloud IoT for monitoring
and control. These strategies do, however, have significant
disadvantages, such as restricted adaptability and customization,
security flaws, and privacy issues with data. In order to overcome
these constraints, this work presents an improved software solution
that is incorporated into an ESP32 IP address-based interface, with
particular applications for managing broiler rooms. By combining
IP address-based access with secure login authentication using a
username and password, the suggested method makes sure that only
authorized users can watch over and manage the broiler room.
Significant gains in security, privacy, flexibility, and user-specific
customization are shown by the experimental findings. The system
is easy to install and use. It offers a reliable substitute for [oT-based
systems by doing away with the need for third-party platforms.
Because of its flexible nature, users can customize features to meet
particular requirements, getting around the strict limitations of
third-party frameworks. This system provides secure remote access
with increased mobility, in contrast to email-based alternatives that
lack real-time involvement. This approach adds login
authentication and customization styles to the current program by
integrating hardware and parts of the software from our prior
system [1]. The suggested approach performs better than the prior
system and other loT-based systems that rely on third-party
platforms in terms of security and customization.

Keywords— Security in IoT Systems, [P Address-Based
Interface, Secure Login Authentication, ESP32 Microcontroller,
Third-Party Dependencies, Poultry Farm Management.

I. INTRODUCTION

The poultry farming business has seen a substantial
transformation because of the incorporation of Internet of
Things (IoT) technology into broiler room control systems,
which allow for precise, real-time management of crucial
environmental elements like temperature, humidity, and
lighting. These developments are essential for maintaining
the health of chickens, raising output, and increasing
operational effectiveness. Notwithstanding these advantages,
a large number of IoT-based systems currently in use rely on
third-party platforms such as ThingSpeak, Blynk, AWS,
Microsoft Azure, and Google Cloud, which present
significant security, privacy, and customization issues. For
example, ThingSpeak has been connected to data transfer
flaws that could allow unwanted access to private data [2].
Blynk, as reported, has also been associated with security

https://doi.org/10.20428/jst.v30i7.2921
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vulnerabilities. Specifically, a specially crafted font file
embedded in a PDF can trigger an out-of-bounds read
vulnerability in Adobe Acrobat Reader, potentially exposing
sensitive data [3]. While updating to the latest version of
Blynk may address some security issues, users should
exercise caution, as both older and even some of the most
recent versions have been reported to have vulnerabilities.
These platforms impose strict frameworks that might restrict
their ability to adapt to certain operating requirements.
Furthermore, current solutions, such as email-based
notification systems, are less effective in dynamic contexts
because they lack real-time control and customization
options, even though they are helpful for remote alerts.

On the other hand, using the ESP32 microcontroller to create
an [P address-based web interface offers a more
straightforward method. In contrast to the more intricate
configuration needed for platforms, this approach uses
HTML, CSS, and JavaScript code to produce an intuitive user
interface that can be accessed through a browser and
essentially operates as a stand-alone system. Programming
languages such as Python, C++ with MicroPython, or
Arduino IDE are used to build functionality and control on
the ESP32. By putting all data under the user's control, this
simplified method not only makes deployment easier but also
eliminates the need for third-party platforms, improving
security and privacy.

II. LITERATURE REVIEW

The incorporation of IoT technology into broiler
room management systems continues to face a number of
obstacles, especially with regard to security, privacy,
adaptability, and system customization. This section
examines pertinent research, highlighting the benefits,
drawbacks, and potential areas for development of the email
notification, ThingSpeak, Blynk, AWS, Microsoft Azure, and
Google Cloud platforms.
In IoT applications, ThingSpeak has been extensively used
for data collecting, analysis, and visualization. One such use
was demonstrated by [4], who used IoT sensors to monitor
chicken weight and chick cycles in real time, enhancing the
quality of manufacturing. The platform's intrinsic limits in
terms of flexibility for customized system design, data
privacy, and potential security vulnerabilities were noted,
despite the fact that ThingSpeak offered an efficient solution
for data display. ThingSpeak was used in an loT-based
system for weather monitoring in a related study [5], enabling
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remote display of environmental data. The study did draw
attention to the platform's incapacity to accommodate the
intricate adaptations needed for a variety of application
scenarios.

Additionally, research conducted by [6] and [7],
who integrated ThingSpeak for environmental monitoring in
poultry farms, showed that although the platform enabled
efficient data wvisualization, its limited customization
capabilities and potential security flaws—Ilike unauthorized
access to private information—may have prevented it from
reaching its full potential in handling increasingly
complicated [oT systems.

Blynk's automated features and user-friendly interface have
made it a popular option for IoT-based poultry farming
systems. [8] Suggested a smart poultry farm system that uses
Blynk to automate important tasks, including environmental
management, egg collection, and feeding and water supply.
Blynk's real-time monitoring capabilities and ease of
integration were credited with the system's success. But like
ThingSpeak, the study pointed out that Blynk's possible
security flaws and limited customization options would make
it less suitable for specific applications. Similar to
ThingSpeak, which could expose the system to illegal access
and data breaches. Blynk was integrated into an autonomous
poultry cage system in a different study [9], simplifying
sensor-based environmental factor control. Although the
study recognized Blynk's advantages in system automation, it
also highlighted the platform's security and customization
shortcomings, which could make it more difficult to use in
more intricate [oT configurations.

According to studies like [10] and [11], users' capacity to
efficiently monitor and manage email-based systems is
severely limited by their lack of flexibility. The system's
overall operating efficiency and responsiveness are decreased
because users cannot remotely control system parameters
(temperature, humidity, and ventilation) via emails.

The security and privacy issues of cloud-based IoT systems,
such as AWS, Microsoft Azure, and Google Cloud, are
assessed in [12]. The authors point out that although these
platforms have strong integration and scaling features, they
are vulnerable to issues like data interception in transit and
illegal access to stored data. The study also notes that these
systems' inflexible foundation frequently restricts user-
specific customization, which presents difficulties for
applications that need customized setups. These problems
highlight the necessity of ongoing improvements in security
procedures and more adaptable platform architectures in
order to successfully meet user-centric needs.
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IoT-based systems have advanced thanks to platforms like
ThingSpeak, Blynk, AWS, Microsoft Azure, and Google
Cloud, but there are still a number of typical issues, especially
with regard to security, privacy, and system customization.
Security flaws are introduced by reliance on third-party
systems where sensitive data may be compromised by illegal
access or cyberattacks. Furthermore, these platforms have
few modification possibilities, which makes it difficult to
modify the system to meet the particular requirements of
various applications, like managing a broiler room.

This study suggests a browser-based approach that improves
security, privacy, and flexibility in order to overcome these
drawbacks. Only authorized users can monitor or operate the
system by using an IP address and login credentials to access
the system interface. This ensures strong access control and
guards against unwanted manipulation. The local area
network is used for demonstration purposes; for a bigger
system, a virtual private network might be used in its place to
enable access from any location on the globe. In this
configuration, the user receives data from a central server, and
the monitoring and control interface is only accessible by
those who have the correct IP address. This approach reduces
the possibility of security lapses and outside meddling by
avoiding third-party platforms.

In addition, the suggested solution offers more customization
options than cloud-based platforms, enabling users to modify
features like automation and monitoring criteria to suit their
needs. It also addresses the limits and delays of email-based
solutions by enabling real-time monitoring and control using
a browser interface. This method is a safer and more
adaptable way to handle broiler rooms since it guarantees
quick reactions and enhanced flexibility.

III. METHODOLOGY

We adopted the approach of [1], which accessed and
controlled the system remotely using a web interface. Login
authentication was introduced to the current web interface
with the intention of enhancing system security and
adaptability, which is how the proposed system differs from
the current one. In order to use the broiler room system's
control and monitoring functions, unauthorized users must
now authenticate using legitimate login credentials (password
and username).

Figure 1 illustrates the main components of the proposed
system, including the web interface, inputs, control, and
output units.
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Figurel: Block Diagram of the Proposed System

A. Hardware Implementation

The hardware components, which include the ESP32
development board, sensors (temperature, humidity, and
light), actuators (fan, heating system, and LEDs), and the
power supply unit, are all the same as in the previous design.
The ESP32 functions as the central microcontroller, gathering
data from sensors and controlling the actuators according to

predetermined thresholds. The system uses a 12V battery
with an LM7805 regulator for stable power distribution to the
components. The ESP32's GPIO pins are used to interface
with sensors and actuators, and its Wi-Fi capabilities for
communication ensure smooth hardware and software
integration. Figure 2's circuit diagram from the earlier article
[1] applies to the current system as well.
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Figure 2: proposed system's circuit diagram.

B.  Software Implementation with Authentication

The main software improvement in this study is the addition
of login authentication for the web-based interface, which can
be accessed by entering the ESP32's IP address into a web
browser. In the previous version of the system [1], users could
access and control broiler room parameters directly without
the need for authentication, which presented a potential
security risk because unauthorized users could change the
system's management and monitoring features. A login page
was incorporated into the system to guarantee that only
authorized individuals could access the crucial control
features. Every time a user wants to access the system, they
must enter their username and password on this page. After a
successful identification process, users can monitor and
adjust important components like temperature, humidity,
light, and other vital aspects. A crucial part of the
authentication solution is demonstrated by the code sample
that follows: const char* http username = "shamsuS557";
const char* http password = "@Shamsu1440";

@
: https://doi.org/10.20428/jst.v30i7.2921

bool isAuthenticated(AsyncWebServerRequest *request) {
if (Irequest->authenticate(http username, http password)) {
request->requestAuthentication();  return false;

}

return true;

}

The isAuthenticated() function in this code determines
whether the user-supplied credentials correspond to the
http _username and http_password that have been predefined.
The system asks the user to enter their credentials again if
authentication is unsuccessful. Users can access real-time
data and engage with the system's functionality on the
monitoring and control page after properly authenticating.
Users can keep an eye on variables including temperature,
humidity, light levels, and device statuses (fan, heater, and
light) using the same monitoring page as the prior system.
Additionally, the page allows users to manually turn on and
off the fan, heater, and light.
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In order to further safeguard the system, a secondary
password is used to restrict access to manual control of the
devices (fan, heater, and light), guaranteeing that only
authorized users can alter the devices' states:
bool isControlAuthenticated(AsyncWebServerRequest
*request) { if (request->hasParam("control password")) {
AsyncWebParameter* P = request-
>getParam("control password"); if  (p-
>value().equals(http_password)) { return true;
} } return false;

Sign in

In this instance, before permitting modifications to the device
states, the isControlAuthenticated() method verifies that the
control password is correct.

The ESP32's IP address is used by the system to enable
remote access, providing a straightforward and safe way to
communicate with the broiler room control system. An extra
degree of protection is provided by the login page, which
keeps sensitive control features safe from unwanted access.
The interface of the login page, which users must navigate
before they can access the system, is seen in Figure 3 below.
Users can control the broiler room environment after
successfully authenticating, as shown in Figure 4, which takes
them to the monitoring and control page.

http://192.168.43.137 requires a username and
password. Your connection to this site is not private

Username

Username

Password

Figure 3: Web Interface Login Authentication Screen
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Figure 4: Remote monitoring and control Page
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C. Complete System Demonstration

A thorough overview of the fully set up and functional
system is given in Figure 5. This picture shows the device's
physical configuration as well as the web interface that shows
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its status and current data readings. It is the ideal example of
how smooth operation and integration are made possible by
the Internet of Things-based broiler room controller system
with an [P address-based interface.

05:52 =W =2 -

P} A 192.168.43.137

Smart loT-Based Broiler Room Control
Current Reading
Tompeorature: 28C
Hurmidity: 47%
Light Level: O

Temperature and Humidity Schedule

0554 M A -

O A 192.168.43.137/manual- -+

Manual Control

Toggle Fan

Toggle Heater

Toagle Light

Figure 5: Fully Developed Systems with the Interface

The system's architecture incorporates advanced security
measures and customizable features to improve its
functionality. In order to ensure effective broiler
management, its adaptable physical design and safe IP-based
web interface put user comfort and data security first.

IV. RESULTS AND DISCUSSION
This study highlights the improved security, adaptability, and
customization potential of an Internet of Things (IoT)-based
broiler room management system. It enhances user-centric
control while addressing the critical limitations of earlier
prototypes and third-party platforms.

A. A. System Security and Flexibility

By adding login authentication for access via the IP address,
the security of the Internet of Things-based broiler room
management system has been greatly improved. Because the
prior version [1] permitted unfettered access within the local
network, it had security vulnerabilities.

The new system lowers the risk of unwanted access by
requiring login credentials, which guarantee that only
authorized users may engage with its control and monitoring
capabilities.

B.  Flexibility and Customization

With the wide range of customization options offered by the
upgraded system, users can adapt the functionality and
interface to meet their unique needs. This system offers
complete control over its operations and design, which makes

https://doi.org/10.20428/jst.v30i7.2921

it flexible enough to accommodate a variety of IoT
applications, in contrast to third-party platforms that restrict
design and feature modifications. Additionally, by doing
away with the need for outside services, direct IP address
access simplifies setup and increases system flexibility.

C. Security Vulnerabilities in Third-Party Platforms
Although third-party IoT solutions are widely used, they pose
security risks. There have been reports of security flaws in
ThingSpeak that put users in danger and stop it from offering
the customization needed for particular applications. Just as
unpatched or outdated Blynk versions can jeopardize
security, so too can AWS, Microsoft Azure, Google Cloud,
and the most recent version. Because third-party platforms
typically entail exchanging user data with external parties,
which raises confidentiality problems, data privacy is another
important issue. However, the IP address-based strategy
described in this study reduces these risks by strengthening
privacy protection, lowering reliance on external services,
and restricting access to data to those having the necessary IP
address, login credentials, and network.

D. Comparison with the Previously Developed System

IP address-based access was also used by the previous system
[1], which provided flexibility and ease of use but lacked
security because login authentication was not required. By
adding login authentication, the upgraded version strengthens
this base and fixes the shortcomings of the old system while
maintaining its benefits for quick deployment and
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customization. The improved system offers more control over
functionality and security than third-party platforms, offering
an adaptable, scalable, and safe option for IoT-based broiler
room management.

E. Testing and Evaluation

The robustness and efficacy of the login authentication
functionality were assessed through extensive testing. Only
authorized users were able to access the system, as
demonstrated by a variety of test scenarios, including both
successful and unsuccessful login attempts. The system's

capacity to handle several connections at once without
sacrificing stability or reaction time was confirmed by
performance tests. The outcomes show that the system is
effective, safe, and suitable for administration based on the
Internet of Things.

The improved prototype was tested under a variety of real-
world conditions during a seven-week deployment in a
nearby broiler room. Security, dependability, and
responsiveness were the main testing priorities.

Table 1: Security and Performance Evaluation of the IoT System

Evaluation Metric Description Result Notes

Valid Login Success Rate Percentage of 100% 20 users over LAN; 200 valid login
successful logins attempts tested

Invalid Login Rejection Rate Incorrect  credentials 100% 10 wusers; 100 invalid attempts
blocked blocked; no unauthorized access

observed

Command Execution Delay Time from input to ~210ms Based on timing measurements
device action

System Uptime Duration of 7 weeks (100%) No crashes; stable under manual reset

uninterrupted operation

Remote Access Range (LAN) Wi-Fi communication 10-20 meters Dependent on signal strength
range

Communication Protocol Interface transport HTTP Local only; not encrypted
protocol

Credential Storage Method Storage of  login Hardcoded (firmware) Planned migration to hashed storage
information

F.  Key Innovations And Deployment Strategy

The local area network (LAN)-first deployment architecture
of this solution makes it distinct since it incorporates login
authentication without depending on outside services,
allowing for localized, private, and secure management over
IoT operations. It uses embedded modular user interfaces
made with HTML, CSS, and JavaScript, which gives it more
flexibility and customization than the majority of IoT
frameworks.

The technology offers simple deployment even in contexts
with limited resources and guarantees total data privacy by
avoiding any external data sharing.

Additionally, the system is built to scale in the future using
tools like Render and AlwaysData, which will make it easier
to:

a. HTTPS encryption for secure access

b. Storage of credentials supported by Berypt hashing

C. Access to the internet worldwide while maintaining

security

When necessary, this two-phase strategy provides a smooth
transition to cloud-enabled expansion while ensuring safe
local operation during first deployment.

Table 2: Comparative Feature Overview

Feature ThingSpeak  Blynk AWS IoT Proposed System Proposed System (Future
(Prototype) Deployment)

Requires Internet Yes Yes Yes No (LAN-based) Yes (via

Render/AlwaysData)

Custom UI/UX Limited Limited Moderate Full control  Full control (HTML/CSS)
(HTML/CSS)

Security (Default) Moderate Moderate High (paid) High (Local Auth) High (Berypt + HTTPS)

Real-time Control Limited Yes Yes Yes Yes

Cost Varies Varies High Low / Free (Open Low (free-tier hosting)
source)

Offline Functionality No No No No No

Deployment Medium Low High Low (plug-and-play) = Moderate (DB setup +

Complexity hosting)

V. CONCLUSION
By improving security and adaptability, this study tackles  Azure, and Google Cloud, which offer restricted

important problems with loT-based systems, especially in the
operation of broiler rooms. In contrast to third-party
platforms such as ThingSpeak, Blynk, AWS, Microsoft

customization choices and security flaws, the suggested
method guarantees safe access via login authentication.
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Additionally, it permits a great deal of flexibility, allowing
users to modify the system to suit their own requirements
without depending on third-party platforms. The lack of
customization and remote control that comes with email alerts
is also addressed by this method, which offers a safer, more
adaptable, and more user-friendly way to oversee broiler
room operations while putting data privacy and system
effectiveness first.

The proposed system differs from third-party platforms such
as Google Cloud, Microsoft Azure, AWS, Blynk, and
ThingSpeak in that it eliminates cloud dependency, enables
LAN-based secure access, supports direct interface
modification, improves data privacy and control, and can be
advantageous for low-resource or rural areas.

Additionally, it fixes security flaws in the previous version
[1] and provides a path to internet-based deployment that is
suitable for the future by utilizing encryption and password
hashing. With a focus on both functionality and user
autonomy, this system offers an innovative, useful, and user-
centric alternative for actual loT installations.
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