% Ustozlar uchun pedagoglar.org
S

CREATION OF A CYBEREDUCATION SYSTEM BASED ON DATA
SCIENCE: ANALYSIS OF STUDENT ACTIVITY

Qurbonov Behruz Amrulloyevich
Tashkent University of Information Technologies
named after Muhammad al-Khwarizmi 3rd year student
Faculty of Software Engineering
Recipient of the Muhammad al-Khwarizmi scholarship
Abdumalikov Nurmuxammad Sherzod o‘g“li
Tashkent University of Information Technologies
named after Muhammad al-Khwarizmi 2nd year student
Faculty of Software Engineering

Abstract: Cyber threats are one of the main concerns in this growing technology
epoch. To tackle this issue, highly skilled and motivated cybersecurity professionals are
increasingly in demand to prevent, detect, respond to, or even mitigate the effects of such
threats. However, the world faces a workforce shortage of qualified cybersecurity
professionals and practitioners. To address this dilemma, several cybersecurity educational
programs have been introduced, such as specialized cybersecurity courses in computer
science graduate programs. With the increasing demand, different cybersecurity courses
are introduced at the high school level, undergraduate computer science and information
systems programs, and even at the government level. Due to the peculiar nature of
cybersecurity, educational institutions face many issues when designing a curriculum or
cybersecurity activities. In this paper, we study existing cybersecurity curriculum
approaches and activities. We also present case studies on cybersecurity education around
the globe.
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In the 21st century, education has evolved beyond traditional classrooms. Digital
transformation and online learning platforms have become essential parts of global
education systems, especially after the COVID-19 pandemic. However, despite this
progress, many educational systems fail to adequately measure and enhance student
engagement, performance, and learning outcomes.

Core Problem: In many digital education environments, there is a lack of real-time
analysis and predictive modeling of student activity. As a result, educators and institutions
are unable to detect disengagement, predict dropout risks, or personalize learning paths
effectively. The existing systems are reactive rather than proactive.

Proposed Solution: Data Science-Driven Cybereducation

To address the above challenge, we propose a cybereducation system powered by
Data Science that continuously analyzes student behavior and learning activity in real
time. This system leverages machine learning algorithms, statistical models, and big data
analytics to interpret interaction patterns and provide actionable insights.

The system components include:

« Learning Management System (LMS) integrated with activity logging

« Real-time data ingestion and storage
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« Predictive analytics dashboard for educators

« Automated feedback generation for students

This creates a smart feedback loop where both students and instructors are guided by
data.

Key Data Science Methods Used

« Descriptive Analytics: Summarizes activity logs (login frequency, page views,
assignment submissions)

« Predictive Modeling: Uses features like time spent on lectures, quiz performance,
and clickstreams to predict grades or dropout risk

« Clustering: Groups students by engagement level using algorithms like K-Means
or DBSCAN

« Classification: Applies supervised models (e.g., Logistic Regression, Decision

Trees) to label students as "active"”, "at-risk", or "disengaged”
Let us consider a set of features for a student: X = {:Bl, T2y euny :I:.,,,} Where each

x; is a behavioral metric (e.g., number of forum posts, time on task).‘

A predictive model can be defined as: f(X) = y Where y € {0, 1} denotes the
probability of success (e.g., pass/fail).

1
14e wTX

Using logistic regression: P(y = 1|X) = Where w is the weight vector

learned from data.

Analyzing Engagement

Let’s take a case study from an online Python course with 1000 students. We log the
following daily features:

« Time spent on platform (minutes)

« Number of quizzes completed

« Participation in discussion forums

« Frequency of LMS logins

« Assignment grades

These features are used to train a Random Forest Classifier that predicts whether a
student will complete the course.

Benefits of Data Science in Cybereducation

1. Personalized Learning Paths: Adaptive content delivery based on student
learning behavior

2. Improved Retention: Early detection of disengaged students

3. Data-Driven Interventions: Educators can take action based on analytics

4, Performance Forecasting: Predictive models forecast final grades and
dropouts

5. Visual Dashboards: Interactive plots and heatmaps for tracking student
behavior

System Architecture Overview

The proposed system has the following structure:

« Frontend: Web interface for students and teachers
« Backend: REST API with authentication
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« Data Pipeline: Streamlit dashboards and data ingestion using Kafka or APIs

« Analytics Engine: Python-based scripts using pandas, scikit-learn, and matplotlib

« Database: PostgreSQL or MongoDB for structured logs

Improving administrative efficiency

Automation of administrative tasks that are tedious and time-consuming is extremely
advantageous to educators. Let's understand how various administrative tasks can be
automated using data science.

Timetable schedules

Creating timetable schedules is often a long and complex process requiring the
consideration of several factors. Having this process automated using data science
algorithms will make it easier to create timetable schedules in an optimized timeframe
while ensuring the convenience of both students and teachers, availability of the required
educational resources, and other factors that might be overlooked by a human.

Student enrollment

Student enrollment can be simplified in a manner with data science-driven admission
systems, eliminating the need for paperwork and human action. Requirements for
admission to universities, such as minimum scores and extracurricular activities, can be
noted and tracked by such systems so that acceptance or rejection of applications can be
done accordingly. Algorithms can rank applicants based on their qualifications, and
enrollment numbers can be forecasted, helping institutions plan resource allocation for the
academic year.

Attendance management

Another task that is required by nearly every institute is recording and managing the
attendance of students. Institutes can use data science for this purpose to track student
attendance and flag absentees alongside predicting students at greater risk of failure.

Student management

Student management can be streamlined and made easier using chatbots for various
tasks. Declarative chatbots based on NLP can be used to answer questions that are
frequently asked about the course curriculum or subject syllabus by providing standardized
answers. Time-based chatbots can be used to send reminders for due dates for assignments
and reports, tests scheduled, etc.

Grading and evaluation

Student evaluation can also be automated to a degree with unbiased grading systems
that can evaluate tests and practicals and are indeed used by several global certification
exams. This can be further extended to generating reports based on student performance,
underscoring strengths and weaknesses in a relatively impartial way, and offering
suggestions for improvement.

Compliance

Data science can further be utilized to ensure that institutes, educators, and students
adhere to certain mandatory standards, rules, and regulations. The automated system can
track student and teacher activity, including the monitoring of activities of the institute and
generating reports by analyzing relevant data, ensuring a more efficient way of staying up
to date with the requisite educational standards.
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Feedback

Feedback can be provided by students in real-time through various ways, such as
chatbots which can be queried for difficulties or additional information. This can be relayed
to the teacher post-lesson if the student so wishes, which can be very resourceful in
assisting teachers gauge the effectiveness of the lesson, the strengths of and comprehension
ability of each student and also how effective their teaching methods are.

Data Science in Education:
Administrative Efficiency

Timetable
Automation

Real-time
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Compliance Enroliment
Monitoring Simplification
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Automation Tracking
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# M1 Google Colab: Visualizing Student Engagement Clusters
import numpy as np

import matplotlib.pyplot as plt

from sklearn.cluster import KMeans

from sklearn.preprocessing import StandardScaler

from sklearn.datasets import make_blobs

from matplotlib.animation import FuncAnimation

from IPython.display import HTML

# Simulated data

X, _=make_blobs(n_samples=300, centers=4, cluster_std=1.0, random_state=42)
scaler = StandardScaler()
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X_scaled = scaler.fit_transform(X)
# KMeans clustering
kmeans = KMeans(n_clusters=4, random_state=42, n_init="auto’)
kmeans.fit(X_scaled)
y_kmeans = kmeans.predict(X_scaled)
centroids = kmeans.cluster_centers_
# Plot setup
fig, ax = plt.subplots(figsize=(10, 6))
def animate(i):
ax.clear()
ax.set_title(f"Clustering - Frame {i+1}", fontsize=14)
ax.set_xlim(-3, 3)
ax.set_ylim(-3, 3)
ax.scatter(X_scaled[:, 0], X scaled[:, 1], c=y kmeans, cmap='Setl', s=60,
alpha=0.7)
ax.scatter(centroids[:, 0], centroids[:, 1], marker="X", c='black’, =200,
label="Centroids’)
ax.legend()
ani = FuncAnimation(fig, animate, frames=5, interval=1000, repeat=False)
# Display the animation in Colab
HTML (ani.to_jshtml())

Clustering - Frame 1

“ Centroids
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Clustering - Frame 5

“ Centroids

The use of Data Science in building a cybereducation system offers a revolutionary

way to understand and enhance student learning. Through continuous monitoring and
analysis of behavioral data, institutions can move from reactive to proactive strategies.
Educators gain insights into student needs, and students receive personalized learning
experiences.
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