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ABSTRACT

The advent of the COVID-19 outbreak has caused widespread
public-health concerns. As a result of these emergency conditions,
several governments have opted to implement lockdowns to reduce
social interaction and minimize infection. COVID-19 has
significantly impacted Higher Education Organizations (HEOs).
Many unorthodox educational methods are proposed to ensure the
continuation of the learning system in light of the effects of this
pandemic and the necessity for alternative remedies. Online
Education (OE), also based on learning together in a synchronous or
asynchronous environment by employing various equipment,
including mobile devices, Computers, and so forth, for Internet
access, was among the options. All education systems are primarily
concerned with boosting students' academic achievement to improve
the overall standard of teaching. In this regard, Educational Data
Mining (EDM) seems to be an expeditiously growing field of
research that employs the significance of Data Mining (DM) ideas
to assist the education system in determining valuable information
just on Student Satisfaction Learning (SSL) with both Online
Learning procedure (OL) as during COVID-19. Various approaches
have been explored using EDM to forecast students' behaviors to
provide the optimum educational settings. As a result, Feature
Selection (FS) was commonly used to find one of the most indicates.
the status of characteristics with the least cardinality. For COVID-
19 to find accuracy result in this research KNN and SVM
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algorithm used by using modified data set from Kaggle. Results showed
79.9% precision of education level wise prediction using KNN, 73.7%
precision of devices wise prediction using KNN and 88.5% precision of
educational level wise predication using SVM, 73.8% precision of
device wise prediction using SVM which is showing that the proposed

model is significant.

1. INTRODUCTION

Due to the COVID-19 pandemic, many
countries had to suspend in-person classes
and adopt alternative methods of education,
such as online education (OE). Several
scholarly studies have been conducted to
assess the impact of COVID-19 specifically
on the teaching system [1]. However, further
research is needed to understand the effects
of this epidemic on the learning process.
This emphasizes the importance for Higher
Education Institutions (HEIs) to develop
comprehensive strategies to meet students'
educational standards outside traditional
classrooms. To address this [2]
explored the role of trust in online
educational resources in terms of
preparation  and approaches,
including mass communication and social

1ssue,

various

interaction programming associated with
online education. The researchers also
proposed university initiatives to enhance
attitudes towards OE, such as providing
global education opportunities for both
professors and students, enabling them to
benefit from online (OL).
Additionally, it is crucial for colleges and
universities to consider potential obstacles
to student communication in their decision-
making processes after an epidemic [3].

learning

1.2 EDUCATIONAL DATA MINING
Educational Data Mining (EDM) is an
emerging field focused on extracting
information from educational data. Given
the significant expansion of the sector, EDM
has the potential to accurately predict
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student achievement. Through statistical
analysis software techniques, it is possible to
make accurate predictions, categorize data,
establish connections, and group students
effectively. This enables the provision of
additional information about potential
student dropouts and their performance in
various events, thereby enhancing the
quality of education. EDM has the potential
to benefit not only students but also other
stakeholders involved in the educational
process. Currently, interactive e-learning
technologies and methods facilitate the
collection and analysis of student data.
However, due to the dynamic nature of data,
retrieving this type of information can be
challenging [4].

- o 1.Distillation of data for human
1.Statistics and Visualization judgment
. e . 2.Clustering
2.Clustering classification and outlier
detection
3.Prediction: Classification regression
and density estimation
3.Association rule mining and
sequential pattern mining S
4.Relationship mining
4.Text mining 5.Discovery with models

Fig.1 Types of Educational Data Mining

1.3 CLASSIFICATION
Classification is one of the oldest analytical

techniques and remains widely recognized
and commonly employed in data mining.
Bayesian classification, which considers the
passing grade as a basis, can be utilized in
this context. By applying conditionally
Bayesian probability, it becomes possible to
assess the likelihood of a student being
hired by a global corporation when they
achieve an "A" grade. Similarly, Bayesian



classification can be employed to determine
the probability of selection for students at
lower academic levels [5].

1.4 PREDICTION

Regression analysis has been widely utilized

as a prevalent prediction method, involving

the use of one or more regression models.

This technique can be applied to both

continuous and categorical variables. The

prediction is established by examining the

relationship between a known variable and

the factor that needs to be predicted [6].

1.5 CLUSTERING

Clustering refers to the process of
categorizing a collection of items into

groups based on their similarities.

Segmentation methods, based on the cluster

structure, are typically divided into three

distinct categories [7].

2. RECENT WORK

The researcher [8] contributed to the
advancement of the field of learning
evaluation, which played a central role. It is
important to highlight that two organizations,
namely the International Educational Data
Mining Society and the Society for Learning
Analytics Research, initially spearheaded the
efforts in establishing reliable assessments in
instructional design. During a similar
timeframe, the drivers and challenges behind
learning evaluation studies were also
identified and addressed.

2.1 ONLINE LEARNING DURING THE
COVID-19

According to the researchers [9], it was

suggested that students who received online

education during the COVID-19 pandemic

achieved higher academic performance

compared to those who did not receive

direct instruction from their Higher

Education Institution (HEI). The researchers

conducted a survey to assess the impact of

and negative aspects of OL from the
students' perspectives in comparison to
traditional learning. Due to the limitations
imposed by the COVID-19 outbreak,
instructors were compelled to incorporate
new teaching methods in order to maintain a
satisfactory level of education, which
highlighted the excellent adaptability of
online learning (OL) in such circumstances
[10].

2.2 STUDENT PERFORMANCE
ANALYSIS

Identifying the appropriate predictors is
essential for achieving successful prediction
outcomes, as emphasized by [11]. When
predicting student achievement, it is crucial
to acknowledge the factors that impact the
dissemination of information. Moreover,
numerous educational institutions expressed
apprehension regarding the decreasing rates
of academic achievement and the frequent
occurrence of student withdrawals.

2.3 INFLUENCING FACTOR
IDENTIFICATION

In their study, the researchers [12] examined
the behavioral and educational background
of the participants, which encompassed
aspects such as behavior, previous
assessments, areas for improvement, and
prior knowledge of curriculum subjects.
They presented a conceptual framework
based on the existing literature in their
research.

2.4 STUDENT BACKGROUND AND
BEHAVIOR

In the evaluation of student characteristics
[13], a comprehensive analysis of students'
progress was conducted, encompassing
various aspects such as behavioral patterns,
interactions, and academic
Among  the

social
background.
discussed topics in this analysis was the
impact of gender.

extensively

online learning (OL) on college students during 3 5 STUDENT PERFORMANCE
the COVID-19 crisis, analyzing both the positive PREDICTION
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According to [14], the purpose of grading is
to assess the extent to which a student learns
and applies the information taught in a
course. However, accurately estimating the
actual score can be challenging. This
challenge has motivated additional efforts
by scholars in the field of Educational Data
Mining (EDM) to develop effective models
for describing student achievement. In
addition to providing convenience,
prediction plays a crucial role in supporting
decision-makers, including teachers, in
making appropriate and timely
interventions.

3. RESEARCH METHODOLOGY
Amidst the COVID-19 lockdown, virtually

all higher education institutions transitioned
from traditional classroom settings to virtual
classrooms. In  Pakistan, numerous
universities initially relied on the Traditional
Education System (TES), which posed
challenges for students accustomed to TES.
However, when the pandemic emerged,
academic institutions made the decision to
implement online learning environments to
save students' time. Additionally, the
assessment of students' problem-solving
skills during both TES and Virtual Learning
Environments (VLE) was a notable topic of
concern, as depicted in the provided image.
Lastly, an inquiry was made regarding

students' perceptions of VLE [15].
To design, pian, i
m'danﬂa" Educational Systems T:ﬁ;;:lﬁd‘
maintenance (traditional classrooms, e-leaming communicate

systems, adaplive and intelligent
web-based educational systems)

Sludents usage and
interaction dala,
course information,

academic data, elc. Students

Academics Educators

R ibl .t
el Data Mining
(clustering, classification, outlier,

To show association, patiem matching, text Toshow
discovered knowledge mining) recommendations

Fig.2 Research Flow

3.1 PRE-PROCESSING

Following the collection of datasets,
cleaning is a key step in obtaining correct
data and removing ambiguity from data. It
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entails several phases such as data
cleansing, data processing, feature selection,
Additionally, in this study, different
professors employed various terms to gather
input from their students, such as "loss of
online connection" or "no internet."
Consequently, it was necessary to
preprocess the data to address these
variations and ensure consistency in the

dataset. preprocessed.

Data Cleaning

Data Integration
Data Transformation
Data Reduction

3.2 PROPOSED MODEL

The primary objective is to develop a
prediction model using machine learning
(ML) techniques that can achieve the highest

possible accuracy in the SSL system. To
accomplish  this, two
approaches, namely K-NN and SVM, are
employed. These approaches enable the
iterative evaluation of the importance,
reliability, and quantity of the extracted
features throughout the process. The aim is
to optimize the model's performance and

classification

enhance the accuracy of predictions.

33 MACHINE LEARNING
TECHNIQUES

A) K-Nearest Neighbors (K-NN)

The K-NN approach is a fundamental
supervised machine learning technique
commonly used in various machine learning
tasks. It is favored for its simplicity in
comparison to more complex supervised ML
methods, making it widely adopted. K-NN
is utilized in various fields within the pattern
matching paradigm, including image
identification, finance, medicine, and
forestry [16].

B) Support Vector Machine (SVM)

SVM, a supervised machine learning
technique, is effective in addressing both
classification and regression problems. Its



primary application lies in solving classification 4.2 PROBLEMS FACED BY MS
challenges. SVM is highly valued in the field of DURING VIRTUAL LEARNING

data mining due to its

ability to achieve high classification
accuracy while
computational resources.

4. RESULTS AND DISCUSSIONS
This section presents the results of the study.
The initial research question explores the

utilizing fewer

impact of virtual classrooms on student
achievement. Teachers gathered feedback
from students through online forms, and a
survey was the
challenges faced by students and the
outcomes they experienced.

conducted to assess

4.1 PROBLEMS FACED BY
STUDENTS DURING VIRTUAL
LEARNING ENVIRONMENT

The graphs below represent the mean of the
issues encountered by BS candidates during
VLE.
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Fig.3 Problems by BS Subject Average
during VLE.

The provided chart illustrates the average
challenges experienced by BS candidates.
The primary outcome indicates that the
comprehension of the subject matter was
rated at 74%, the readability of the lessons
at 76%, internet connectivity issues at 29%,
electricity-related challenges at 9%, finding
the teaching topics difficult at 8%, and no
difficulties reported by 54% of the students.
Furthermore, the participation rate during
the virtual classroom was recorded at 72%.
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ENVIRONMENT

The following charts display the average
challenges experienced by MS participants
during Virtual Learning Environments
(VLE). The findings include an analysis of
the difficulties encountered by male and
female students, providing insights into
their respective challenges throughout the
VLE.
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Fig.4 Problems by MS Students Average

The provided chart presents the average
challenges faced by MS candidates. The
that forward-thinking
abilities were rated at 80%, presentation
readability at 76%, internet connectivity
issues at 49%, electricity-related difficulties
at 16%, finding the presentation topics
challenging by 4% of the students, no
difficulties reported by 41% of the students,
and a participation rate of 81% during the
virtual classroom.

4.3 CORRELATION OF
UNDERSTANDING OF STUDENTS
WITH DIFFERENT FACTORS

Examine the relationship between the
students' comprehension and the challenges
they encounter inside the VLE.

results indicate

Table.1 Correlation of Understanding of
Students with Different Factors

S Subject Inter  Electri Topic No Attend
r.  Name net city Diffic  probl ance
Probl  Proble ulty em
em m
1 Discret -0.66 -0.77 0032 071 024

e



structur
e

2 Internet
of
Things

3 Introdu
ction to
Comput
ing

4 Blockc
hain
Techno
logy

5  Operati
ng
System

6  Machin
e
Learnin
g

7  Averag
e of all
subject

0.27  -0.76 -0.22  -028 021

-0.64  -0.47 -0.85 087 -0.14

-0.52  -0.49 -0.12 066 -0.05

-0.58 -0.47 -0.28 078 041

0.51 -0.05 0.46 -0.55 -0.15

-0.57  -0.48 -0.45 077 -0.21

4.4 RESULTS FOR PREDICTIONS

In this section, the author employed a range
of machine learning techniques, including
SVM and KNN, to delve deeper into the
concepts being explored. The author utilized
SVM and KNN as part of their investigation

and analysis.

G 4 s €
P

T E—

Nt s

f— famiee

e N
Fig.5 Visualizing All Attributes

The applied SVM and KNN on each
attribute to explore and predict. Proposed
attributes are (Gender Wise, Education
Level, Device Wise, Economic Status Wise,
Internet Facility-based, Average Study
Time, Study Environment-based, Before
Online Grades, Interaction with Online
Studies, Performance During Online

Education, Satisfaction Level with Online
Learning)

4.4.1 RESULTS USING ALGORITHM
KNN AND SVM
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Table.2: Economic Status Wise
Prediction using KNN , SVM
Algorithm Parameter Class
Middle | Poor Rich
Precision 0.929 0.143 | 0.083
KNN Recall 0929 | 0111 | 0125
F-Measure 0929 | 0425 | 0.100
Precision 0.924 — —
SVM Recall 1.000
F-Measure 0.960 - -
Table .3 Education Level Wise
Prediction using KNN , SVM
Class
Algorith
Parameter Under Post
m Schoo
graduat | graduat |
e e
Precision 0.799 0.126 0.194
KNN Recall 0.825 0.174 0.194
F-Measure 0.811 0.193 0.194
Precision 0.808 0.885
SVM Recall 0.996 0.178 0.000
F-Measure 0.893 0.297

Table .4 Device Wise Prediction using

KNN , SVM
I
Algorithm Parameter Class

Laptop | Desktop | Mobile

Precision 0.737 0.000 0.506

KNN | Recall 0816 | 0000 | 0425
F-Measure 0.775 0.000 0.462

Precision 0.738 0.717

SVM Recall 0924 | 0000 | 0.410
F-Measure 0.820 0.522

Table.S Gender Wise Prediction using

KNN, SVM
Cl
Algorithm Parameter ass

Male Female

Precision 0.676 0.449

KNN Recall 0655 | 0473
F-Measure 0.665 0.461

Precision 0.674 0.630

SVM Recall 0.837 0.406
F-Measure 0.747 0.493

Table .6 Satisfaction Level with Online
Learning using KNN , SVM




Algorithm Parameter Class

Average Bad Good

Precision 0.543 0.403 | 0.352

KNN Recall 0.628 0.349 | 0.284
F-Measure 0.582 0.374 | 0.314

Precision 0.593 0.659 | 0.736

SVM Recall 0891 | 0.353 | 0.267
F-Measure 0.712 0.459 | 0.392

Fig .6 Comparative Analysis Cart

The Figure demonstrates that in 2021 [17]
algorithm result is 65.2%. The other
compared method that wused logistic
regression in the year 2022 [18], the
algorithm result was 70.41%. A other
compared method that used a computer-
based cross-sectional study in the year 2021
[19], the algorithm result is 62%. The other
compared method that used Smart PLS in
the year 2021 [20], the algorithm result was
55.9%. A other compared method that used
the Structural model in the year 2021 [21-
24] result was 64.6%. Thus, the proposed
method gives a distinction in achieving the
results.

5. CONCLUSION

The approach involved the collection and
analysis of various data sources, including
students' feedback and performance, to
identify patterns and factors affecting
student satisfaction.

The results showed that the approach was
effective in identifying significant factors
that influence student satisfaction, such as
course design, instructor support, and course
materials. These insights can help educators

https://journalsriuf.com/index.php/JAC/index

27

and administrators to make data-driven
decisions to improve the quality of
online education and enhance student
satisfaction. Furthermore, the approach
can be applied in other educational
contexts beyond the COVID-19
pandemic and can help to improve
online learning experiences in the
future.

In summary, this study highlights the
importance of using data mining techniques
to assess student satisfaction in online
education. It provides valuable insights into
the factors that affect student satisfaction
and can guide educators and administrators
in making informed decisions to improve
the quality of online education.

RECOMMENDATIONS

1. Continuously collect and analyze student
feedback and performance data to identify
patterns and trends in student satisfaction.
This will help educators and administrators
to address issues and improve the quality of
online education.

2. Implement effective communication
strategies between instructors and students
to enhance instructor support, course
materials, and overall course design.
Regular check-ins, Q&A sessions, and
feedback mechanisms can help to improve
the online learning experience for students.

3. Use data mining techniques to analyze
student performance data to identify areas of
weakness and strength. This can help
instructors to tailor their teaching methods to
address student needs and improve learning
outcomes.

4. Collaborate with other educational
institutions to share best practices and
benchmark performance against industry
standards. This will help to improve the
quality of online education across the board.

5. Provide ongoing training and support to
instructors to help them develop the skills



and knowledge needed to deliver effective online
courses. This can include training in instructional
design, communication strategies, and online
learning technologies.

using HBAC algorithm. Journal of
Ambient Intelligence and
Humanized Computing, 1-14.

[7] Ullah, A., Nawi, N. M., & Ouhame,
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These recommendations can help to improve the VM task allocation system for cloud
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assess student satisfaction and identify areas
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administrators can enhance the online
learning experience for students and help
them to achieve their educational goals.
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