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ABSTRACT

The academic performance of students is a critical aspect of the education system, as
it reflects the effectiveness of teaching methodologies, identifies areas of
improvement, and helps in making data-driven decisions. To gain insights into
students' performance, data engineering techniques can be applied. This research
aims to analyze the academic performance of students using data engineering
methodologies. The study will involve the collection and integration of various data
sources, including assessments, attendance records, and demographic information.
The data will be cleaned and transformed to ensure accuracy and consistency.
Subsequently, data mining and visualization techniques will be employed to uncover
patterns, correlations, and trends in the student performance data. This will enable the
identification of factors that affect academic achievement, such as socioeconomic
background, study habits, or teacher effectiveness. Additionally, machine learning
algorithms will be utilized to create predictive models that can forecast students' future
academic performance based on historical data. The insights gained from this analysis
can be used by educational institutions to personalize learning experiences, develop
targeted interventions, and allocate resources effectively. The findings will contribute
to evidence-based decision-making, promoting student success and overall academic
excellence. Overall, this research emphasizes the importance of leveraging data
engineering techniques to assess and enhance students' academic performance.
analyze the academic performance of students by leveraging data engineering
techniques. The availability of large volumes of data in educational institutions
provides an opportunity to gain insights into various factors affecting student
performance. The research utilizes data from multiple sources including student
records, attendance, grades, and demographic information. The data is processed and
transformed using data engineering techniques to create a comprehensive dataset.
Various statistical analysis and machine learning algorithms are applied to this dataset
to identify patterns, trends, and correlations between different variables. The findings
of this research provide valuable insights into the factors that contribute to student
performance, enabling educational institutions to make data-driven decisions and

interventions to improve student outcomes.
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CHAPTER 1
INTRODUCTION

1.1 OVERVIEW OF PROJECT

Analyzing academic performance of students using data engineering Is a vital task
in today's data-driven educational landscape. By harnessing the power of data
engineering techniques, educational institutions can gain valuable insights that can
inform decision-making processes and help improve student outcomes. This
process involves collecting, cleaning, transforming, and analyzing a wide range of
data related to students' academic performance, such as grades, attendance,

standardized test scores, and demographic information.

Data engineering plays a crucial role in this analysis by ensuring the seamless flow
and integration of disparate data sources. By creating robust data pipelines and
implementing data quality checks, data engineers can ensure the accuracy and
relizbility of the data used for analysis. Additionally, data engineering enables the
merging and transformation of data from various sources, providing a

comprehensive view of student performance.

Once the data has been collected and prepared, data analysis techniques can be
applied to gain insights into patterns and trends. For instance, using statistical
anelysis, educational institutions can identify factors that correlate with high
academic perfc.mnance, such as attendance, study habits, or socioeconomic
background. These insights can inform the development and implementation of
targeted interventions to support struggling students or enhance overall student

Success.
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CHAPTER 2

LITERATURE SURVEY

2.1 OVERVIEW OF EXISTING RESEARCH AND LITERATURE

[1]The research, Ajibade et al, (2022) explore the utilization of ensemble techniques

for predicting the academic performance of students. They focus on the application
of data engineering methods to analyze and interpret student data. The study aims
to provide valuable insights into improving educational practices through the use of
predictive models. The findings of this research can contribute to better
understanding and supporting students' academic success.

[2]The article titled "Jom Data Mining: academic performance and learning behavior
dubious relationship” by Adrian Chin, Y. K., Joseph Ng, P. S., Eaw, H. C., Loh, Y.
F., and Shibghatullah, A. S.et al. (2022) explores the connection between academic
performance and learing behavior. In their study, they utilize data engineering
techniques to analyze the academic performance of students. The findings of the
research highlight the questionable relationship between academic performance
and learning behavior. The article, published in the International Journal of Business
Information Systems, provides valuable insights into the field of data mining and its

application in education

[3]JAmjad, S., Younas, M., Anwar, M., Shaheen, Q., Shiraz, M., and Gani, A.et al.
(2022) conducted a study titled "Data mining techniques to analyze the impact of
social media on academic performance of high school students.” In their research,
they focused on using data mining techniques to explore how social media usage
affects the academic performance of high school students. The study was published
in the Wireless Communications and Mobile Computing journal in 2022, spanning
from page 1 to 11. By leveraging data engineering and analytical methods, the

researchers aimed to provide insights into the relationship between social media

and academic achievement among high school students.

[4] In December a study was released by Alam and Mohanty et al.(2022) "Predicting
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Students’ Performance Employing Educational Data Mining Techniques, Machine
Learning, and Learning Analytics." By addressing the prediction of utilizing this

presentation offers an integrated method to improve academic achievements.

[5]The paper titled "Toward predicting student's academic performance using
artificial neural networks (ANNs)" published in Applied Sciences, Baashar et al.
(2022) explore the use of data engineering techniques to analyze and predict the
academic performance of students. The study utilizes artificial neural networks
(ANNs) as a predictive model. The authors highlight the potential of this approach
in providing insights into student performance and offering personalized
interventions to improve learning outcomes.

[6] A team of scientists headed by Bujang, Selamat, Ibrahim, Krejcar, Fujita,
Herrera-Viedma, and Ghani et al. (2021) released a work titled "Multiclass prediction
model for student grade prediction using machine learning." A multiclass prediction
model that might be used to predict students' grades was proposed by the study

authors using forecast academic achievement, offers helpful information.

[7] The paper by Duran-Dominguez et al., Gémez-Pulido, and Rastrollo-Guerrero
(2020) is the source of this data. "Analyzing and predicting students’ performance
by means of machine learning: A review." paper aims overview issue to anticipate
assess student performance in educational contexts. It does this by displaying

several methodologies together with the applications that fit them.

[8] A research by GE, Mamah, Ukekwe, Nwagwu, et al. was published in (2020). "A
machine learning based framework for predicting student's academic performance.”
By putting forward students' academic achievement, the authors provide a

methodical approach to enhancing academic performance.

[9]The article titled "Artificial intelligence for assessment and feedback to enhance
student success in higher education," Hooda, Rana, Dahiya, Rizwan, and Hossain
et al. (2022) discuss the use of data engineering to analyze the academic
performance of students. They highlight the role of artificial intelligence in providing

assessment and feedback to support student success in higher education. By

3
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harnessing the power of data analytics, the authors propose innovative approaches
to enhance teaching and learning outcomes in the educational context. Their work

contributes to the growing field of using artificial intelligence to improve student
performance and overall educationa| experience.

[10]The study, Hussain and Khan et a. (2023) focused on analyzing students’
academic performance at the secondary and intermediate levels using machine
learning techniques. Their work, titled "Student-performulator: Predicting students’
academic performance at secondary and intermediate level using machine

learning,” explores the use of data engineering to predict and understand student
performance.wsx00000000.

[11] A research by Jiao, Ouyang, Zhang, and Alaviet et al. was published in (2022).
"Artificial intelligence-enabled prediction model of student academic performance in
online engineering education.” This Paper proposes an Al-powered prediction model

aimed at forecasting students' performance in their online engineering programs

[12]This study conducted by Pallathadka et al. (2023) focuses on utilizing machine
learning algorithms for the classification and prediction of student performance data.
The researchers aim to analyze the academic performance of students using data
engineering techniques. The study employs various machine learning algorithms to
predict and classify student performance, providing valuable insights into student
outcomes. The research findings presented in this study contribute to the field of

education by offering a data-driven approach to understanding and improving
student performance.

[13]The systematic literature review, Shafiq et al. (2022) explore the use of
educational data mining and predictive analytics for analyzing the academic
performance of students. They highlight the potential of these techniques in
improving student retention.

[14]Yagci et al. (2022) conducted a study titled "Educational data mining: prediction
of students' academic performance using machine learning algorithms" published in

the Smart Learning Environments journal. This study aimed to analyze the academic

4
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educational practices and supporting students’ academic succsss,

2.2 INFERENCES FROM LITERATURE SURVEY

The literature survay on analyzing academic performance of students using datz

engineering and mulli-model machine learming systems reves
Firstly, d

Is several key insights.
ala engineering plays a crucial role in collecting, processing, and preparing
educational data for analysis. It involves tasks such as data cleaning, integration,
and transformation, ensuring that the data is suitable for machine leaming
algorithms. Secondly, the use of multi-model machine learning systems allows for
more accurate and comprehensive analysis of academic performance. By
combining different machine learing models, such as regression, classification, and
clustering, researchers can gain deeper insights into student performance patterns
and trends, Overall, the literature suggests that integrating data engineering with
multi-model machine learning systems can significantly improve the understanding
and prediction of student academic performance.
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2.3 OPEN PROBLEMS IN EXISTING SYSTEM

e
Cerzinly, here are some open problems in the existing system for analyzing
scademic performance of students using data engineering:

Datz Quality Assurance: Ensuring the accuracy, completeness, and consistency
of the educational data collected from various sources poses a significant
challenge. Scalability: Handling the exponential growth of data in educational
nstitutions while maintaining system performance and responsiveness is @

ressing concern Predictive Analytics: Developing robust predictive models that

‘0

-
)

nticipate academic challenges and provide timely interventions for struggling
udents, improving their chances of success.

8
[\

15

privacy and Security: Safeguarding sensitive student data and ensuring
ompliznce with data protection regulations is a critical and evolving issue.

onzlization: Tailoring interventions and recommendations to individual

\)

student needs, accounting for diverse leamning styles and preferences.
Interoperability: Integrating data from different educational platforms, software,
znd sources seamlessly to provide a comprehensive view of student performance,

which can be complex in heterogeneous environments.

Additionally, there is a need for more research into interpretability and
explainability of the models, as understanding the reasoning behind their
predictions is crucial for educators to take meaningful actions based on the results.
Furthermore, scalability remains a concern, as the system needs to handle large
volumes of data efficiently to be practical for use in real-world educational settings.
hddressing these open problems will be essential for advancing the field and
improving the effectiveness of using data engineering and multi-model machine

learning systems in analyzing student academic performance.
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CHAPTER 3

REQUIREMENTS ANALYSIS

3.1. FEASIBILITY STUDIES OF PROJECT

The feasibility of the project on analyzing academic performance of students using
data engineering and multi-mode| Machine learning systems suggest that such an
approach is indeed viable ang Promising. These studies demonstrate that with the
rightinfrastructure and methodologies, educational data can be effectively collected,
processed, and analyzed to provide valuable insights into student performance. The
use of multi-model machine learning systems allows for more accurate predictions
and a deeper understanding of the factors influencing academic outcomes.
However, feasibility studies also highlight the importance of addressing challenges

such as data quality, mode| interpretability, and scalability to ensure the practicality

and effectiveness of the system in real-world educational settings. server

performance increase in this phase and a business proposal is put forth with a very
general plan for the project and some cost estimates. During system analysis, the
feasibility study of the proposed system is to be carried out. For feasibility analysis,
some understanding of the major requirements for the system is essential.

Three key considerations involved in the feasibility analysis are

e Economical feasibility

e Technical feasibility

* Operational feasibility

3.1.1 ECONOMICAL FEASIBILITY

This study is carried out to check the economic impact that the system will have on
the organization. While initial costs associated with infrastructure setup, software
development, and staff training can be significant, the long-term benefits may
outweigh these costs. By improving educational outcomes and identifying at-risk
students early, these systems can lead to cost savings for educational institutions
in terms of reduced dropout rates and improved student retention. Additionally, the
ability to personalize learning experiences and provide targeted interventions can

further enhance the value proposition of these systems. However, ongoing

7
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maintenance, updates, and data management costs should also be considered to

the economi hils .
ensure mical feasibility of Implementing and maintaining such systems
over time.

3.1.2 TECHNICAL FEASIBILITY

This study is carried out to check the technical feasibility, that is, the technical
requirements of the system. Advances in technology have made it possible to
collect, store, and process large volumes of educational data efficiently. Machine
learning algorithms have also become more sophisticated, allowing for more
accurate analysis and prediction of student performance. Additionally, the
availability of open-source tools and libraries has lowered the barrier to entry for
implementing such systems. However, challenges such as data integration from
disparate sources, ensuring data privacy and security, and the need for skilled
personnel to develop and maintain the systems remain. Overall, with the right
technical expertise and resources, it is feasible to implement and operate data
engineering and multi-model machine learning systems for analyzing student
academic performance. Any system developed must not have a high demand on
the available technical resources. This will lead to high demands being placed on
the client. The developed system must have modest requirements, as only minimal

or null changes are required for implementing this system.

3.1.3 OPERATIONAL FEASIBILITY

The operational feasibility of analyzing academic performance of students using
data engineering and multi-model machine learning systems depends on the
willingness and ability of educational institutions to integrate these systems into their
existing processes. While the technology and expertise required for implementation
are available, operational feasibility hinges on factors such as institutional
readiness, stakeholder support, and the alignment of the system with the institution's
goals and objectives. Additionally, the system should be user-friendly and easily
integrated into existing workflows to ensure adoption and usability. Addressing
these operational considerations is crucial for the successful implementation and
long-term sustainability of data engineering and multi-model machine learning

systems in analyzing student academic performance.The aspect of the study is to

check the level of acceptance of the system by the user. This includes the process

8
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of training the user to use the System efficiently. The user must not feel threatened
py the system, instead must acceptitas a necessity. The level of acceptance by the
users solely depends on the methods that are employed to educate the user about

the system and to make him familiar with it. His level of confidence must be raised

so that he is also able to make some constructive criticism, which is welcomed, as
he is the final user of the system

3.2REQUIREMENTS SPECIFICATION

3.2.1 Hardware Specifications:

e Microsoft Server enabled computers, preferably workstations

 Higher RAM, of about 4GB or above

¢ Processor of frequency 1.5GHz or above
3.2.2 Software specifications:

e Python 3.6 and higher
¢ Anaconda software
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CHAPTER 4

DESCRIPTION OF PROPOSED SYSTEM

4 1 Flow chart of process using machine learning

nronnan ro
proposea sys

tem for analyzing academic performance of students using data

SIONS an advanced platform that leverages big data technologies

machine leaming algorithms. It aims to collect, process, and analyze a vast
amay of educational data in reg]

gngmesnng envi

ana

-time. This system will provide actionable insights

into student peri H se - .
mio Stugent periormance, identify at-risk students, and recommend personalized

mterventions 1o enhance leaming outcomes. Additionally, it will incorporate
ve znalylics to anficipate academic challenges and foster proactive
for student success. By combining data engineering with machine
lsaming. the proposed system seeks to revolutionize academic performance

anzlysis and student support mechanisms.

Collect Academic Data

v

f

° Data Cleaning & Preprocessing

Feature Engineering

Data Analysis & Visualizationﬂ

Insights on Academic Performance

{ Recommendations for Improvement

Fig-4.1- PROCESS FLOW DIAGRAM

10
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ademic
Collect Ac Data Gather data from various sources, such as student records,

lest scores, atlendance, and any relevant information about students' academic

performance. Data Cleaning & Preprocessing Clean the data to remove errors,
missing values, and inconsistengies, Standardize data formats and make it's ready
for analysis. Feature Engineering Greae new features or modify existing ones that
might be helpful for understanding academic performance, like average grades,
study hours, or socio-economic factors, Data Analysis & Visualization Analyze the
data to identify patterns and trends in students' academic performance. Visualize
the data using graphs and charts to make it easier to understand. Insights on
Academic Performance Extract meaningful insights from the data analysis, such as
which factors affect student performance the most. Identify strengths and
weaknesses in the current academic system. Recommendations for Improvement
Based on the insights, propose recommendations for improving academic
performance. This could include changes to teaching methods, intervention
strategies for struggling students, or adjustments to the curriculum. This Process
Flow represents a comprehensive approach to understanding and enhancing
academic performance through data engineering and machine learning. It can help

educators and institutions make data-driven decisions to support students better.
4,2 SELECTED METHODOLOGY OR PROCESS MODEL

4.2.1 Data Collection: This would focus on the process of gathering relevant
academic performance data of students, including information such as grades,
attendance records, and standardized test scores. The process of gathering
relevant academic performance data of students is a crucial step in analyzing their
performance using data engineering techniques. This involves collecting various
types of information, including grades achieved in different subjects, attendance
records, and standardized test scores. By systematically collecting these data
points, educational institutions can gain valuable insights into individual student
performance, identify trends and pattems, and make data-driven decisions to
improve teaching and leamning strategies. Through careful data collection,
educational stakeholders can harness the power of data engineering to understand

the academic strengths and weaknesses of students, identify areas for

improvement, and ultimately enhance overall educational outcomes.

11
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pata cleaning is an essential process in analyzing the academic performance of
students using data engineering. It involves a series of steps to ensure the accuracy,
completeness, and consistency of the collected data. One of the primary tasks in
this stage is removing duplicate entries, as having multiple instances of the same
data can introduce biases and inaccuracies into the analysis. Additionally, checking
for missing values is crucial as it can impact the integrity of the results. Missing data
can be handled through techniques such as imputation or exclusion based on
specific criteria. Resolving discrepancies is another critical aspect of data cleaning,
as itinvolves identifying and rectifying any inconsistencies or errors in the data. This
can be achieved through various methods, such as cross-validation or comparing
data against external sources. By diligently performing these steps, researchers can
ensure that the analyzed data accurately represents the academic performance of
students, leading to robust and reliable insights.

4.2.2. Data Cleaning: This subheading would cover the steps taken to clean and
validate the collected data, ensuring that it is accurate, complete, and consistent.
This may involve removing duplicate entries, checking for missing values, and
resolving discrepancies. Data integration is an integral process in analyzing the
academic performance of students using data engineering. It involves merging data
from different sources, such as academic departments or institutions, into a single
comprehensive dataset. The objective is to create a unified view of student data that
can be used for detailed analysis and interpretation. As part of this process, the data
may need to be mapped and transformed to ensure compatibility and consistency
- across various systems. This includes harmonizing formats, resolving
discrepancies, and standardizing variables. By integrating data from multiple
sources, valuable insights can be obtained, such as identifying patterns, trends, and
correlations that contribute to student performance. This comprehensive dataset
can then be leveraged to develop effective strategies and interventions to improve
academic outcomes. Data integration is crucial in creating a complete and accurate
picture of a student's academic journey, enabling educational institutions to make

data-driven decisions and provide targeted support to students.

Data transformation is a crucial step in analyzing academic performance of students

12
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using data engineering. It involves converting raw d
able for analysis. This process

ata into a format that is more
suit ‘ allows for the aggregation of individual data
points. which can provide insights into overall trends and patterns in student
performance. Additionally, derived metrics can be calculated, which can help in
understanding various aspects of academic performance, such as average scores,
pass rates, and grade distributions. Moreover, stalistical techniques can be applied
to standardize the data, enabling fair comparisons and benchmarking across
different students, classes, or schools. By transforming the data, it becomes easier
to identify outliers, spot areas of improvement, and uncover underlying factors that
contribute to student success or challenges. Ultimately, data transformation plays a
pivotal role in gaining a comprehensive understanding of academic performance
and can inform decision-making processes aimed at enhancing educational

outcomes.

4.2.3. Data Integration: This subheading would address the task of merging data
from various sources, such as different academic departments or institutions, into a
unified dataset. This may require mapping and transforming data to ensure
compatibility and consistency across different system Analyzing the academic
performance of students using data engineering is a complex task that requires

careful consideration and strategic planning.

One critical aspect of this analysis is data visualization. Creating effective visual
representations, such as charts, graphs, and dashboards, can greatly enhance the
exploration and understanding of academic performance data. To ensure the
successful implementation of data visualization, it is important to select appropriate
techniques and tools that can effectively communicate insights and trends. The
chosen visualization techniques should align with the objectives of the analysis and

the specific characteristics of the data being analyzed. This may involve using bar

charts to compare the performance of different students, line graphs to track

academic progress over time, of scatter plots to identify any correlations between

variables,

13
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Data engin?en’ng plays a critical role in analyzing educational performance of
students using data analytics. Wit the massive amounts of data generated by
educational institutions, datg engineering provides the necessary tools and
techniques to collect, store, transform, and analyze this data to gain meaningful

oci .Byl i : .
insights. By everaging data €ngineering, educational analysts can identify patterns

and trends in student performance, enabling them to make data-driven decisions of

nginnerin i .
data eng g and improve educational outcomes of the performance.

Once the data is prepared, data engineering enables educational analysts to apply
various analytical techniques, such as machine learning algorithms and statistical
models, to identify factors influencing student performance. These insights can then
be used to inform interventions and policies aimed at enhancing academic success.
Ultimately, data engineering empowers educational institutions to make evidence-
based decisions, leading to improved teaching methodologies, personalized

learning experiences, and better educational outcomes for students.

4.2.4. Data Transformation: This would focus on the proceés of converting raw
data into a format suitable for analysis. This could involve aggregating individual
data points, calculating derived metrics, and applying statistical techniques to
standardize data. Analyzing academic performance using data engineering involves
the use of various methodologies to gain insights and make informed decisions. Two
commonly used methodologies are data collection and data analysis. Data
collection is the process of gathering relevant data from various sources such as
student information systems, online learning platforms, assessment records, and
surveys. This can include information on student demographics, course
registrations, grades, attendance, and engagement. Data engineers employ
techniques like data extraction, transformation, and loading to ensure that the

academic performance of data is available in a structured format for analysis.

Data analysis involves applying statistical and analytical techniques to uncover

patterns. trends. and relationships in the data engineers use tools such as data

mining, machine learning, and data visualization to derive insights from the data.

Firstly, feature engineering is a crucial technique that involves selecting and

transforming relevant data variables, such as attendance records, test scores, and

14
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previous academic achievements, to create informative features for the models.
7his technique helps in capturing important patterns and relationships that can
contribute 10 aceurale analysis. Secondly, ensemble learning methods, such as
random forests and gradient boosting, can be employed to combine multiple models
and increase the overall performance. These methods help in reducing biases and
errors by leveraging the strengths of different algorithms. Lastly, data visualization
to0ls, like Tableau or Power BI, can be utilized to effectively present the analysis
results 1o academic stakeholders, making it easier for them to understand and make
informed_ decisions. Overall, employing feature engineering, ensemble learning
methods, and data visualization tools can greatly enhance the analysis and training
processes  in analyzing the academic performance of students using data

engineering.

4.2.5. Data Visualization: This would cover the creation of visual representations,
such as charts, graphs, and dashboards, to facilitate the exploration and
understanding of the academic performance data. This would involve selecting
appropriate visualization techniques and tools to effectively communicate insights
and trends. Implementing data engineering for analyzing student performance has
numerous benefits. Firstly, it allows educational institutions to gain valuable insights
into student learning patterns and behavior, enabling them to make informed

decisions about curriculum development and teaching strategies.

By using data engineering techniques, institutions can identify students who may
be struggling academically and provide timely interventions, thereby improving
overall student success rates. Additionally, data engineering enables the creation of
personalized learning experiences by tailoring educational content and resources to
individual student needs. This results in a more engaging and effective learning
environment, Overall, the benefits of utilizing data engineering for analyzing student
performance are invaluable, as it improves educational outcomes and facilitates

evidence-based decision-making. However, overcoming challenges related to

privacy, security, and data management is crucial for successful implementation.

Methodology for Analyzing Academic Performance Using Data Engineering

Analyzing academic performance using data engineering involves the use of various
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memodologies o gain insights and make informed decisions. T I d
methodologies are data collection ang data analysis. Data cc;lle\::vt?ofmoi?xzn )rloliess
of gathering relevant data from various sources such as student infor:mation
systems, online learning platforms, assessment records, and surveys. This can
include information on student demographics, course; registration; grades,
attendance, and engagement. Datg engineers employ techniques 'Iike data
extraction, transformation, and loading to ensure the various data of academic

performance that will be available in the structured data format for analysis.

Data analysis involves applying statistical and analytical techniques to uncover
patterns, trends, and relationships in the data. This can include descriptive analysis
to summarize and visualize student performance, predictive modeling to forecast
future outcomes, and diagnostic analysis to identify factors influencing performance.
Data engineers use tools such as data mining, machine learning, and data

visualization to derive insights from the data.

By leveraging data engineering methodologies, educational institutions can gain a
comprehensive understanding of student performance, identify areas of
improvement, and implement targeted interventions to support student success.
This data-driven approach can enhance teaching and learning practices, improve

academic outcomes evidence-based decision-making for educational stakeholders

16
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4.3 ARCHITECTURE / OVERALL DESIGN OF PROPOSED SYSTEM

Problem Statement

Data collection

from E-learning —
. System . " .
(Kalboard 360) | SLUHO N DB
Data Preprocessing
X-AP}
web
service
Data
Cleaning Data selection
Discretization L

Filter methodology

Bestfeature set

| Data Mining

4

Classification

Results
evaluation

Knowledge
presentation

Fig-4. 2-Performance Analyzer Architecture

process on how it works.

The above 4.2 shows the implementation /
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2 PO chitecture of the proposed system has been shown in the above figures. This
sents 2 process flow in an e-leaming analytics system. It starts with a problem
e

o ot, followed by data collection This refers to the process of gathering and

5teme
’ 5suring information on variables of interest, in this case, from an E-leaming

tem called Kalboard 360.The collected data is stored in the Student Database
DB) whichis 3 collection of information about students stored in a structured format.

gnd then preprocessed the process of transforming raw data into an understandable
format often involving steps like normalization, and transformation. which includes
steps like data cleaning and selection. The process of identifying and correcting or
removing €rors. inconsistencies, and inaccuracies in datasets to improve their
quality. Data selection is supported by an X-AP| web service (Experience API) is a
spedﬁcation for learning technology that makes it possible to collect data about the
wide rangeé of learning experiences a person has. A web service is an interface that
sllows different software systems to communicate with each other over the internet.
Discretization converting continuous data into discrete data, often for use in machine
[earning algorithms. and a filter methodology are applied to refine the data a specific
approach or strategy for filtering data, often to remove outliers or imelevant
information., resulting in the best feature set. The subset of features or variables
that are most useful for the data analysis, often determined through feature selection
techniques. This feature set is then used in data mining is discovering pattemns and
knowledge from large amounts of data., specifically for classification tasks data
mining that involves categorizing data into predefined classes or groups. After
classification, the results are evaluated that assessing the quality and significance
of the results of a data analysis. and the gained knowledge presenting the results of

adata analysis in a clear and understandable way is presented in the final step.

This architectural diagram provides a comprehensive overview of the components
and processes involved in analyzing academic performance using data engineering
and multi-model machine learning. It highlights the importance of data ingestion,
Slorage, cleaning, preprocessing, analysis, visualization, and generating insights
and feCommendations. It also emphasizes the need for user interfaces for
edUcators, administrators, and students, as well as the incorporation of feedback
and adjustments.
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. DEscRIPT|ON OF SOFTWARE FOR IMPLEMENTATION AND TESTING
oLAN oF THE PROPOSED MODEL/SYSTEM

fo implement this model, execution of program is done through Google colab.
sary libraries have been installed to perform certain functions. the description

Neces , _
of software for implementing and tesling a model/system for analyzing academic

performance using data engineering and multi-model machine learning is crucial for
ensuring successful and effective deployment. Here's an overview of the key components:

4.4.1 Software for Implementation:

pata Engineering Tools:Data Ingestion: Tools like Apache Nifi, Apache Kafka, or
custom scripts for collecting data from various sources.

Data Storage: Utilize databases such as PostgreSQL, MySQL, or NoSQL databases
ke MongoDB for storing academic data.

Data Preprocessing: Libraries like Pandas for data cleaning and feature
engineering.

Machine Learning Frameworks:Use popular machine learning frameworks such as
Scikit-Learn, TensorFlow, or PyTorch for model development and training.

Data Visualization Tools:Tools like Matplotlib, Seaborn, or visualization platforms
like Tableau and Power Bl for creating informative visualizations.

Web Development Technologies:For building user interfaces and portals, use web

technologies like HTML, CSS, and JavaScript. Frameworks like React, Angular, or

Vuejs can be employed. Security and Compliance Software:implement data

security and privacy measures with encryption and access control tools. Compliance

may involve GDPR or FERPA regulations. DBMS that best suits the data storage
requirements, like PostgreSQL, MySQL, or MongoDB.
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resting Plan for the Proposed Model/System:

442

tlnledUa' components (e.g., data Preprocessing, machine leaming models) to
U they function correctly. Verify that different system components work

mlessly together.Ensure that the system's functionalities, such as data ingestion,
de anlng analysis, and visualization, meet the defined requirements. Test the user
interfaces for usability, functionality, and compatibility across different devices and
browSerS. Assess the system's response time, throughput, and scalability under
yarious loads and conditions.Perform security assessments, including vulnerability
ccanning and penetration testing, to identify and address security weaknesses.
Ensure that the system complies with relevant data privacy regulations, such as

GDPROF FERPA.

verify the accuracy of data cleaning and processing, as well as the reliability of the
machine leaming models’ predictions Collect feedback from educators,
administrators, and students to assess the system's user-friendliness. Experiment
with different variations of the system to determine which features or interventions
are most effective. Implement continuous integration and continuous testing (CI/CD)
to ensure ongoing testing as new features or updates are introduced. Document all
testing procedures, results, and any issues discovered. Create a report summarizing
the testing outcomes. By following a comprehensive testing plan, you can ensure
that the proposed model/system is thoroughly tested for functionality, performance,
security, and compliance, which is essential for its successful implementation and

ongoing improvement.

Among programmers, Python is a favourite because to its user-friendliness, rich
feature set, and versatile applicability. Python is the most suitable programming
language for machine learning since it can function on its own platform and is

extensively utilised by the programming community.

Machine learning is a branch of Al that aims to eliminate the need for explicit
Programming by allowing computers to learn from their own mistakes and perform
foutine tasks automatically. However, "artificial intelligence” (Al) encompasses a
broager definition of "machine learning,” which is the method through which

““Mputers are trained to recognize visual and auditory cues, understand spoken
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qguag® translate between languages, and ultimately make signi
a

o their o

ficant decisions

Jesire for intelligent solutions to reg)
e

jevelop Al further in order to autom
0

hout Al. This development s necessa
wi

-world problems has necessitated the need
ate tasks that are arduous to programme

ry in order to meet the demand for intelligent
solutions to real-world problems. Python js 5 widely used programming language

inat is often considered to have the best algorithm for helping to automate such
processes- In comparison to other Programming languages, Python offers better
Gimplicity and consistency.

In addition, the existence of an active Python community makes it simple for
programmers to talk about ongoing projects and offer suggestions on how to
improve the functionality of their programmes called A and B but you only have
package A. Without having package B, you wouldn't be able to run the project.
Anaconda mitigates the chances of such errors. You can easily collaborate on
projects without worrying about any compatibility issues. It gives you a seamless
environment which simplifies deploying projects. Additionally, software such as
Apache Hadoop and Apache Spark may be used for distributed data processing,
while tools like Jupyter Notebook and RStudio provide interactive development
environments for coding and experimentation. Overall, a combination of these
programming languages and software tools enables the development of robust

systems for analyzing student academic performance.

You can deploy any project with just a few clicks and commands while managing
the rest. Anaconda has a thriving community of data scientists and machine learning
professionals who use it regularly. If you encounter an issue, chances are, the
Community has already answered the same. On the other hand, you can also ask
People in the community about the issues you face there, it's a very helpful
Community ready to help new learners. With Anaconda, you can easily create and
train Machine learning and deep learning models as it works well with popular tools
inc\uding TensorFlow, Scikit-Learn, and Theano. You can create visualizations by

USing Bokeh, Holo views Matplotlib, and Data shader while using Anaconda.
21
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. PROJECT MANAGEMENT PLAN
4.

i module will in.clude the overall planning and management of the project
ol yding setting project .goals and timelines, creating and assigning tasks :::J;n |
ogress: and comrTlum,cating with team members. Risk Managemen; datasegl
lection for this project is implemented and the sensor data from various sources
ike wearable devices, smartphones, or cameras. is preprocessed. The
reprocessing step will include filtering, normalization, and feature extraction. This
hase includes testing the models on a testing dataset and evaluating their

accuracy using various evaluation metrics. The project management plan for

analyzing acad

model machine
g the system. It includes a detailed timeline, resource allocation,

emic performance of students using data engineering and multi-

learning systems outlines the key steps and milestones involved
in implementin

and budget esti
who will be resp

mation. The plan also defines roles and responsibilities, outlining
onsible for each aspect of the project. Additionally, it includes risk

management strategies to mitigate potential challenges and ensure the successful

completion of the project. Regular monitoring and evaluation mechanisms are also

ck progress and make necessary adjustments. Overall, the

plan provides a roadmap for effectively implementing and
udent

incorporated to tra

project management
managing the system to achieve the desired outcomes in analyzing st

academic performance.
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CHAPTER 5

IMPLEMENTATION DETAILS

.1 DEVELOPMENT AND DEPLOYMENT i1y

o develop and deploy a academic Performance using Convolutional Neural

Network (CNN) and logistic regression in machine learning you can follow the steps

pelow:

The system is to analyze the academic performance of students using data
gngineering and multi-model machine learning techniques. It aims to collect and
integrate various data sources such as student demographics, attendance records,
exam SCOres, and coursework grade. The system will then apply advanced data
engineering methods to clean and transform the data for analysis It will utilize multi-
model machine learning algorithms to identify patterns, trends, and correlations in
the data to gain insights into students' performance This would focus on the
process of converting raw‘cjata into a format suitable for analysis. This could involve
aggregating individual dafa points, calculating derived metrics, and applying
statistical techniques to standardize data. Analyzing academic performance using
data engineering involves the use of various methodologies to gain insights and

make informed decisions.

Two commonly used methodologies are data collection and data analysis. Employ
libraries like pandas and NumPy for data manipulation.

Train and evaluate machine learning models using frameworks like TensorFlow or
sckitleam. Evaluate the performance of the trained model using various metrics,

Such as accuracy, precision, recall, and F1 score. You can also use visualization

techr‘iqu‘as. such as confusion matrices or ROC curves, to analyze the performance

“'the model. This information will help educators and administrators make data-

Uriven decisions to improve teaching methods, identify at-risk students and provide

: ic performance
Personalizeq interventions, ultimately enhancing overall academic p
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e

can

Planning

52 ALGORITHV

521 Logistic Regression

Logistic regression is a statistical mogg used for binary classific
thi: outcome variable is binary (

©9., 0 or 1, trye or false).

ation tasks, where
Despite its name, it's a

also known as the

sigmoid function) to a finear
combination of the input features. This function map

S any real-valued number toa
value between 0 and 1, which can be interpreted as a probability.

Common evaluation metrics for logistic regression include accuracy, precision,
recall, F1 score, and the area under the receiver operating characteristic curve

(AUC-ROC).Logistic regression is widely used in various fields, including healthcare

(for disease diagnosis), marketing (for customer segmentation), and finance (for

credit scoring), due to its simplicity, interpretability,

and effectiveness in many
classification tasks.
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CHAPTER 6

RESULTS AND Discysg;on
JERVIEW OF RESULTS
1

5 "Local URL" allows you to view and interact with oy Streamlit 4
achine simply open our preferred wep browser PP on our local
f

" ocalhost:8501. The "Network URL" providesg an, alternative address, allowing

I the application from other devices on the same local network. Th
. 1nes

_ se URLs
e @ e gateway to our Streamlit app, facilitating a seamfess experience for

h local and network-based interactions .The system for analyzing academic

and navigate to

bot
tudents usi ineering i
performance of stu using data engineering is a powerful tool that assists

educationa' institutions in effectively evaluating the progress and achievements of
heir students. By harnessing the capabilities of data engineering, this system
enables the collection, processing, and analysis of vast amounts of academic data
to provide valuable insights.The web site page that indicates the Student detailes
that should be enter in the from one of the key features of this system is the ability
o efficiently collect data from various sources. This ensures that a comprehensive

set of data can be gathered, course enrollments, grades, attendance records, and

assessment results.

Data engineering techniques are then applied to clean, transform, and integrate the

collected data into a unified and structured format. This allows for seamless analysis

and the creation of meaningful visualizations and reports. Using advanced analytics

methods, the system can generate a wide range of performance indicators, such as

overall GPA, individual course performance, and attendance trends. These

indicators can be further analyzed.

ne analysis, Furthermore, the system can assist in curriculum planning and target
' s struggle the most. By
able insights, facilitates

rovement of academic

"S0urce allocation by identifying subjects where studen!
hamess‘ing the power of data, this system provides vall
Personalizeq interventions, and supports the overall ImP

Derformanc;e at both the individual and institutional levels
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6.2 PERFORMANCE ANALYSIS

1he system for analyzing academic performance of students using data engineering
is 3 powen‘ul tool that assists educational institutions in effectively evaluating the
progress and achievements of their students. This table shows the training and
salidation accuracy of a machine learning model at different epochs during the
raining process. It helps assess the model's performance and potential overfitting

by comparing the training and validation accuracy at each iteration.

Training and Validation Accuracy

— Training Accuracy
= Validation Accuracy

Fig-6.1-Accuracy graph

This diagram is a ROC (Receiver Operating Characteristic) curve, which visualizes
the performance of a binary classifier system by plotting the true positive rate (TPR)
against the false positive rate (FPR) at various threshold settings. The closer the

curve follows the top-left border, the better the classifier's performance.

ROC Curve

624

0.0 1

| . ] | !

L ———— o« oo an 10
a2 as

baad Folse Positive Rate

Fig-6.2-ROC Curve
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Confusion Matrix

True Label

-22

Predicted Label

Fig-6.3-Confusion matrix

The image displays a confusion matrix, which is a table used to evaluate the

performance of a classification model. The matrix shows the true labels and

predicted labels, with their respective counts. The diagonal elements represent

correct predictions, while off-diagonal elements represent incorrect predictions. The

total count of instances is -23 for the first class and 1 for the second class.

i) B paers
[ pemerdet

jpeATh: Weireings X does ot have valid featune cams, bt R

vppatatlocal oropram'y, 9N ifhs ite-packagesshleaen'base gy 493 Userviaening: X 0oes of Yee valid festure e
Fosttlassifier s firted With festure :
wTings K 5 K ’
"“‘*““’Wiwweta‘dml\prvpmﬁp'/ﬁm‘,p,-t.*r.r;.rmib\,:;xz/.» packageshsleanase.py 43 Userkkienings X doss et Bave valid fpature nomes, bt Ranion
ForestClassifer yizg Fitted with feature ries

arnisgs sorr 7, it ) ‘Eww,ﬁslj“"-\
s larveiy "(a\,}mj\mm.,p,«:h,r; S s e padiagesiskieaa\base. 4500 Usestharning: X dogs ook have valld Featurs nes, bt gandin

Fig-6.4-Web Page URL

The "Loca] URL" allows you to view and interact with our Streamlit app on our local
Machine, Simply open our preferred web browser and navigate to
http:/ilocalhost:8501. The "Network URL" provides an alternative address, allowing
aCCess to the application from other devices on the same local network. These URLs
Serve as the gateway to our Streamlit app, facilitating a seamless experience for

both ocqy and network-based interaction.
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CHAPTER 7

CONCLuUsION

71 CONCLUSION

In cOﬂCIUS'On-. tth system for analyzing academic performance of students using
gata engineernng is a valuable tog| that provides insightful information for educators

and administrators. By collecting ang analyzing data on student performance, the

system allows for a comprehensive understanding of individual strengths and

weaknesses, as well as trends and Patterns across various demographics. This
enables educators to make informed decisions, such as identifying areas for
improvement, tailoring instruction to meet students' needs, and assessing the
effectiveness of interventions. Overall, the implementation of this system can
greatly enhance academic outcomes and support student success.

The work on the system for analyzing academic performance of students using
data engineering could focus on several aspects to enhance its functionality and
usability. Firstly, refining the data collection process is crucial. Additionally,
implementing real-time data extraction methods would allow for more timely
analysis and intervention. Secondly, the system could benefit from the integration
of predictive analytics techniques. By leveraging historical data, machine learning
algorithm could be employed to identify patterns and make accurate predictions
about individual student performance, enabling proactive interventions and
personalized support. Furthermore, exploring the use of advanced visualization
techniques can enhance the system's ability to present data in an intuitive and
meaningful way. This could involve incorporating interactive dashboards and data
Visualizations that allow instructors and administrators to quickly understand and
interpret student performance trends. Finally, ensuring data privacy and security
should be a top priority, with strict protocols in place to protect sensitive student
i“fOTmation, Overall, future work on this system holds significant potential to

improve academic performance analysis and support decision-making in

®ducational institutions.
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APPEND|x

A.SOURCE CODE
import pandas as pd
jmport numpy &s np
import streamlit as st
import pandas as pd
import joblib
df = pd.read_csv("student-por.csv")
df.head()
df.info()
df =

df.dl’OP(['SChOOI'v'addfess','famSize','Pstatug',‘Medu','Fedu‘,'Mjob','Fjob‘,'reason','gu
ardian',‘famrel',‘freetime‘,'goout‘,'Dalc','Walc',], axis =1)
df.info()

dffsex] = df'sexT.map({M": 1, 'F' : 0})

df'schoolsup'] = df'schoolsup’].map({'yes" 1, 'no' : 0})
dfffamsup’] = df'famsup'].map({'yes’: 1, 'no’ : 0})
dffpaid] = dff'paid’l.map({’yes": 1, 'no’ : 0})
dffactivities'] = df'activities].map({yes": 1, 'no' : 0})
dffnursery'] = dff'nursery'].map({'yes": 1, 'no' : 0})
difhigher] = dff'higher].map({'yes": 1, 'no": 0})
dffinternet'] = dff'internet].map({'yes": 1, 'no' : 0})
df['romantic‘] = df['romantic'].map({'yes": 1, 'no’ : 0})
df.info()

from sklearn.model_selection import train_test_split
from sklearn.linear_model import LinearRegression

from sklearn.metrics import mean_squared_error, r2_score

#Separate features (X) and target variable (y)
X= df.drop('G3', axis=1 )
y = de'GB']
#Qn1: .
St the data into training and testing sets
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N train, X_test, y_train, y_test =
m;dom_state=42)

4 Initialize the linear regression, Mode
model = LinearRegression()

# Fit the model on the training data
model.fit(X_train, y_train)

# Make predictions on the test data
y_pred = model.predict(X_test)

# Evaluate the model

mse = mean_squared_error(y_test, Y_pred)
r2 =r2_score(y_test, y _pred)

print(fMean Squared Error: {mse})
print(fR-squared: {r2}")

#Load the saved Linear Regression model
loaded_model =

tesLSi2e=()_2

jOblib.Ioad(I‘C:\Users\sreej\OneDrive\Desktop\Acc _performance\linear_regression

—model.joblib')

# Streamlit app
def main()

Sttitle("Student Performance Prediction”)

# Collect user input

N 1
SeX = st.selectbox("Sex (0 for female, 1 for male):", {0 1]

80e = st slider("Age:", 15,19)

i student n
Taveltime = st.number_input("How many time does

Schoo] 1 home-\

(1=> less than 15 min.,

hOUr, 4=> >1 hour)")
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wdyﬂm e = st.oumber_input("Enter the studenys
5 2

study time-
(1=> <2 hours, Y fime)

2=>

“ 210 5 hours, 3=» 5 t0 10 hours, or 4=>
s rours))

7 - = st.selectbox("Number of past

ilures Subject failures:” (g~ »q» "2"))

cnoolsuP = st.selecthox("Any Extra Educational Suppo

. . l'ti",("NO","YGS"))
£gmsup = st.selectbox("Family Educationa| Support:”

" ("No","Yes"))

= st.selectbox("Extra paid classes within (e course
et (N0 "Yes")

Jotivities = st.selectbox("Extra-curricular activities:",("No","Yes"))

ursery = stselectbox("Attended nursery school?:" ("No" "Yes"))

nigher = st.selectbox("Wants to take higher education:",("No","Yes"))

inemet = st.selectbox("Internet access at home:",("No","Yes"))

romantic = st.selectbox("In a relationship:"’("No","YeS"))

nezit = stselectbox("Current health status(1-least to 5.
aighest)".(M1 " 2" 3,74 "5")
zbsences = stnumber_input("Number of school absences (numeric: from 0 to

ﬁ::\!')
-

G1
=1

\

stnumber_input("Enter Second last Tests Mark(0 to 20):")
st.number_input("Enter latest Tests Mark:(0 to 20)")

\

G2
# Converi siring inputs fo integers
schoolsup = 1 if schoolsup == "Yes" else 0
Zzmsup = 1 if famsup == "Yes" else 0

zzid =1 if pzid == "Yes" else 0
zclivities = 1 if zctivities == "Yes" else 0
Mursery = 1 if nursery == "Yes" else 0
figher = 1 i higher == "Yes” else 0
Migmet = 1 i intemet == "Yes" else 0
fomantic = 1 if romantic == "Yes" else 0

* Crezte 2 DataFrame with the user input

“57_input = pd DataFramel({
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sex': [s€X:

age’: [2gel;
.traveltime':[traveltime],
.studytime' : [studytime],
.failures':[failures],
.schoolsup‘:[schoolsup],
famsup':[famsup],
'paid':[paid].
gctivities':[activities],
'nursery':[nursery],
'higher":(higher],
internet":[internet],
‘romantic’:.[romantic],
‘health':health,
‘absences':[absences],
'G1[G1],

'G2"[G2]

# Display user input
st.subheader("User Input:")

st.write(user_input)

#Make predictions
if st.button("Predict"):

prediction = loaded_model.predict(user_input)

performance_category = ™
Predicted_value = int(prediction[0])

10 <= predicted_value <= 6:
Performance_category = "## Low Performance"

®lf7 <= predicted_value <= 12:

Performance_category =

34
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olif 13 <= predicted_value <= 20:

performance_category = "4 High Performa
nce"

# Display performance Category
<L subheader("Student Performance Category:"
st.markdown(performance_cateQOry) /

)

( _name__=="__main__":
main()
irom sklearn.model_selection import train test_split

from sklearn.ensemble import RandomForestRegressor
GradientBoostingRegressor

from sklearn.svm import SVR

from sklearn.metrics import mean_squared_error, r2 score

# Separate features (X) and target variable (y)
X = df.drop('G3’, axis=1)
y = df[G3']

# Split the data into training and testing sets
X_train, X_test, y_train, y_test = train_test_split(X, y, test_size=0.2,
random_state=42)

#Random Forest Regressor

M_model = RandomForestRegressor(random_state=42)
_model fit(X_train, y_train)

Ty_pred = rf_model.predict(X_test)

# Support Vector Machine Regressor
YM_model = SVR()
*VM_model.fit(X_train, y_train)

My pred = svm_model.predict(X_test)

# ,
Gradien Boosting Regressor
35
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model = GradientBoostingRegressor(rand
Qb’mo del fit(X_train, y_train)
- red = gb_model.predict(X_test)

Om‘state=42)

gbj’p

JE valuate the models

models = {Random Forest rf y preq

'SVM": svm
ng)red} _y_

pred, 'Gradient Boosting":

formodel_name, y_pred in models.itemsy():

mse = mean_squared_error(y_test, y _pred)

r2 = r2_score(y_test, y_pred)

print(f{model_name} - Mean Squared Error- {mse}, R-squared: {r2})
import joblib
joblib.dump(model, 'Iinear_regression_model.joblib')

dff'age’].value_counts()

36

@ Scanned with OKEN Scanner



r

B.SCREENSHOTS

” Jbove web site pége that indicates the Student detailes that should be enter
o the form as shown in the above . one of the key features of this system is the

iy 1 efficiently collect data from varioys sources. This ensures that a

oomprehenSi"e set of data can be gathered, course enrollments, grades,

tendance records, and assessment results, The system can also provide
personalized recommendations and interventions on the analysis. Furthermore, the

ystem can assist in curriculum planning and target resource allocation by
identifying subjects where students struggle the most.

student Performance Prediction

tosr male):
o1 femate, L inr male
on (0 f7 f0

3 ~
rge
17
p—— sl
15 19

How many time does student reeds 10 Leaved from vbool to home: (1o lpss than 15 min., 2=+ 15 U 30 min., 3=> 20 min.

10 1 hous, 4= - > 1 hour)

4,00 - -
Enter the student’s study Sime: (15w <2 bowrs, 220 200 % bours, 32w % U 310 beowsss, o1 b= =10 hoursy
400 - *

Humber of past subject fallures:

0 ~

Any Bt Edutotional Suppoet:

Ho ¥
Famiy Educationm Suppnr:

Yes e

Fig-B.1-Performance Data entry

Referring back to the website page mentioned before, it specifies the student details
that negg to be entered into the form, as seen in Figure . Efficiently collecting data
from Several sources is a crucial capability of this system. Enroliment information,

drades, attendance records, and test scores may all be collected in this way.
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2 nport.
'aléf,‘""’t Suf
gamty EQUES
~
ves
id Classes withint the ouese subject:
D‘[IB pai
~
yes
notees:
[-tm»cmmuhﬂ activit
~
Yes
| scrooll
atended nursery S
v
yes
Wants 10 take higher eduration:
( v
Yes
(aternet aecess at home:
~
Yes
ina relationstup:
~
NO
Current health statusdi-teast 1o G-highestl:
e i S A WS Sy e Y
~
5
Humber of schoel ot sences fornerics Troge 5 ua DAy
4.00 -+
Entor Second tost Tosts 4ok 1o a0y
15.00 - +
Cnter tatest Tegts #s rkelG te 200
17.99 - +
User Input:
sl e Pyt BELehpE paitpewes  sehmolv fasrgesyr i Aeteditare  AITRET Y r.
a 1 1 8 1
. - 1 17 4 4 Q -

‘ A‘er:m i
Student Performance Category:

High Performance

Fig-B. 2-Performance Predictor
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conclusion: the system for analyzing academic performance of students using
" engineering empowers  educational institutions This system facilitates
orsonalized interventions, and supports the overall improvement of academic
rformance at both the individual and institutional levels as shown in the above

gPe,formance Predictor . Overall, the implementation of this system can greatly
onhance academic outcomes and support student success.
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ABSTRACT

This study aims to analyze the academic
erformance of students by leveraging
data engineering  techniques.  The
gvailability of large volumes of data in
educational institutions  provides an
opportunity to gain insights into various
petors affecting  student performance.
The research utilizes data from multiple
sources including  student records,
attendance, grades, and demographic
information. The data is processed and
transformed  using data  engineering
techniques to create a comprehensive
dataset. Various statistical analysis and
machine learning algorithms are applied
to this dataset to identify patterns, trends,
and correlations between different
variables. The findings of this research
provide valuable insights into the factors
that contribute to student performance,
enabling educational institutions to make
data-driven decisions and interventions to
improve student outcomes.

Ke.t’fvords: academic performance, data
Engineering, student records,
altendance, grades, demographic
:ZZ’I' Mation, statistical analysis,
g dl;ne learning (_:Igorztluns, patterns,
ey »  correlations, data-driven

Ons, and student outcomes.

_ LINTRODUCTION
Wzing the academic performance of
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sreeja 2dk2002@gm
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§tudents is crucial to identify areas for
Improvement and provide necessary
support for their educational journey with
the advancements in data engineering, a
comprehensive and efficient approach can
be developed to analyze various academic
indicators and generate meaningful
insights. This process involves gathering,
processing, and analyzing large volumes
of data in order to uncover patterns,
trends, and correlations that can
contribute to student success.

Data engineering plays a vital role in this
process by enabling the collection and
consolidation of data from multiple
sources such as student information
systems, online learning platforms, and
assessment  results.  This  involves
designing and implementing data
pipelines that integrate these disparate
datasets, ensuring data quality and
integrity while adhering to privacy and
security ~regulations.  Through this
systematic approach, a rich and diverse
dataset can be obtained, capturing a wide
range of academic variables such as
attendance, grades, test scores, course
enrollment,and demographic information.

Once the data is collected and unified,
various analytical techniques can be
applied to gain insights into student
performance. Statistical analysis can help
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aterns  and - trends  jp
Jowing educt_itors to understand
Jes:é < that contribute to success or
e 10 Machine learning algorithms can
pili® = edictive  models  that  can
pro"‘ e quden! peﬁ‘om.m.nce based on a
; variables, aiding in early
g fication of students who may need
support. Data  visualization
niques can effectively present the
l-c;(;inﬂs to stakeholders, facilitating casy
i‘:]teﬂ’femuon and decision-making,

ata engineering can facilitate
analysis, tracking students'
qcademiC progress  OVer time. By
continuously monitoring and al{alyzing
erformance dataZ educators can identify
intervention points and  implement
argeted strategies to address individual
qeeds. This can include personalized
leaming plans, remedial programs, or
Jdditional resources tailored to specific
sudents o groups. It can also help in
evaluating the effectiveness of various
educational interventions and inform the
development of evidence-based practices.

In conclusion, the use of data engineering
in analyzing academic performance is an
invaluable too] in identifying trends,
patterns, and correlations that can shed
light on student achievement. It enables
educators to have a comprehensive
understanding of student needs, allowing
fortargeted interventions and support. By
leveraging data engineering techniques,
ed}lcational institutions can make data-
(riven decisions that drive student
Siccess and  enhance the overall
educational experience.

M oreover. d
Iongitlldlnal

II. LITERATURE SURVEY

[L]illg\Jlbadg, S.S. M., Dayupay, J., Ngo-
¢ nig, This study employs ensemb!e
Perfor?: © to predict students' academiC
preclicti\z:mcﬁ’ combining ~ multiple
Sugy, . models for enhanced accuracy.

4 approach is valuable for

41

f;dllcauonnl institutions

n S

1PTove  support systems
outcomes, By
algorithms,

seeking  to
and student
Y integrating  various
multifacctcd(:':‘tg T?SCﬂrCh adqrcSSCS _1hC
it : ature of factors influencing
allog ‘suc_cc.?s. /.\ccur.alc predictions
‘ or carly identification of struggling
studc.nls' and  timely interventions.
contr.lbulmg o better educational
pl'ilcll?cs. It also offers insights into the
use of ensemble techniques for predictive
modeling in diverse fields.

[2]Baashar, Y., Alkawsi, G., Mustafa, A.,

Alkahtani,  Research  explores the
applicationof artificial neural networks
(ANNs) in predicting student academic
performance. ANNs are potent tools for
analyzing complex relationships within
student data, aiding in precise forecasts.
The study contributes to the advancement
of predictive analytics in education,
facilitating resource allocation, targeted
interventions, and improved student
outcomes.

[3] Amjad, S., Younas, M., Anwar, M.,
Shaheen, Investigating the impact of
social media on high school students'
academics, data mining techniques
analyze social media usage and academic
achievements. Insights into digital
interaction's influence on education are
revealed. This study provides essential
information ~ for  educators  and
policymakers, helping them harness
social media's benefits while mitigating
its negative impacts on academic

performance.

[4] Pallathadka, H., Wenda, A., Ramirez-
Asis, The research classifies and predicts
student performance  using machine |
learning algorithms, aiding educators in
identifying students who may need
additional  support. By comparing
different algorithm performances, the
study provides valuable insights for

selecting appropriate tools for academic
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f

rediction, contributing to
field of machine leaming

a
rfom™
puf road(,r :

education.

he licﬂtions m
apP

¢

driaﬂChi“’ Y. K, Joscthg, P. S,
[5]’ pocusing  on thc‘: relatlonship
Ea“’,an academic  performance and
bt‘“"?t(, pehavior. this study uses data
lcaml“vm uncover patterns in student
%’Or (hat correlate with success. 1t

vi :
th]?lightS the connection between
h‘gming habits and outcomes, aiding the
Lcﬂvelopm ent of effective learning
(¢

ategics and personalized interventions.
S o demonstrates  data  mining's

{ als A .
I in  addressing  complex

1olemial _
educational issues.

(6] yagel, M. (292?), Cf?ntered on
cducational data mining, this research
predicts academic performance using
machine learning algorithms. It enhances
cducational outcomes by providing timely
interventions  based on  data-driven
insights. It showcases the applicability of
machine learning in improving education
through predictive analytics.

[7 Yusuf, A., Qureshi, S., Mustapha, U.
T, Musa, S, This study employs
fractional modeling to optimize scholastic
performance througth advanced
mathematical techniques. It offers a
unique approach to enhancing academic
Outcomes by accounting for complex
educational processes. Fractional
Modeling provides educators with a
deeper understanding of academic
dynamics apg supports the design of
effective interventions.

[?leooda, M., Rana, C., Dahiya, O.,
artiﬁjn | .Rese'f‘rch explores the use of
fccdb;al intelligence for assessment 'and
ols *k in higher education. AI-dn_ven
custom'flmom"“c grading and deliver
pﬂtemiz‘;le d- feedback to students,

Y Improving learning outcomes.

42

It contribyteg
lcchnology
emph
in te

( 0 discussions  on
Y Integration  ip education
asizing AT's transformative potenti l
aching anq assessment, )

9 afi i

g ] Sl/]\dflq, D. A, Marjani, M., Habeeb,
. A A systematic literature review
xammcs student  retention
educational data minin
analyticg,

using
g and predictive
: It offers a comprehensive
ovcrv!cw of factors influencing student
fetention and  showcases data-driven
slratcgigs for improving retention rates.
The review highlights the significance of

data-driven decision-making n
education.

[10] Hussain, S., & Khan, M. Q.
(2023).This  study predicts students’
academic performance at secondary and
intermediate levels using machine
learning. It contributes to educational data
science by developing tailored predictive
models. Accurate forecasts help identify
students requiring additional support
early on, particularly crucial for
secondary and intermediate education
levels. It emphasizes the versatility of
machine  learning  across  various
educational contexts.

[11] A team of scientists headed by
Bujang, Selamat, Tbrahim, Krejcar, Fujita,
Herrera-Viedma, and Ghani et al. (2021)
released a work titled "Multiclass
prediction model for student grade
prediction using machine learning.” A
multiclass prediction model that might be
used to predict students' grades was
proposed by the study authors using
forecast academic achievement, offers
helpful information.

[12] A research by Jiao, Ouyang, Zhang,
and Alaviet et al. was published in (2022).
"Artificial iutelligence-enqbled prediction
model of student academic pe.rfm;:nanc'e
in online engineering education. .T_hns
paper proposes an A}-power_ed predxct\on'
model aimed at forecasting students
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[formance N their online L‘“gi"“‘ring
¢ .
hroé!"“m's

(13] The paper by Duran-Dop,
" gémez-Pulido, ang

‘(‘]l;crrcm (2020) is the source o
wAnalyzing and predicting Student®
performance by Jneans - of  machipe
loarning: A TEVIEW." paper qjmyg OVerview
jssue o m_\llcnpulc _ assess

performance educationa] cont
docs this by displaying

methodologies  together
applications that fit them,

inguey et
Rastrol]q.
['this dagg.

Student
exts. Iy
scveral
Wwith the

[14] A research by GE, Mamah, Ukekwe,
Nwagwu, ¢t al. was published in (2020).
"A machine learning based framework for
predicting student’s academic
performance." By putting  forward
students' academic achievement, the
authors provide a methodical approach to
enhancing academic performance.

(15] In December a study was released by
Alam and Mohanty et al.(2022)
"Predicting  Students’ Performance
Employing  Educational Data Mining
Techniques, Machine Learning, and
Leaming Analytics." By addressing the
prediction of utilizing this presentation
offers an integrated method to improve
academic achievements.

IILEXISTING SYSTEM

The cxisting system for analyzing
“¢4demic performance of students using
@ engineering comes with several
Sadvantages, Firstly, it requires a lot of
O and  resources to collect and
L crate the necessary data from various
:s;ll'c‘es_ This data can include student.
Teloms’ grades, attendance, and other
o information, which may be
datzz across - different systems ang
Cong o, The process of gathering an_
"SOlldatmg this data can be time

43

Consumjy,

g and Drone
Pl‘()pcrly :

o errors if not
AUtomateq.
bccon(lly, the

- CXisting syg
ﬂchbllny and & System may lack

R Scalability, 1 often relics
utdated technologies ang legacy

Systems (ht are not designed to handle
large volumes of daq. This can result in o
slow Aand - inefficient analysis process,
ESpecially whep dealing with large
humber of stydens and complex datasets.
As aresuly, dccision-making based on the
analysis of academic performance may be

delaycd, leading to missed opportunities

for timely intervention and improvement.
Additionally,

the existing system may
lack data quality control mechanisms. The
discrepancies and inconsistencies in the
data collected can compromise the
accuracy and reliability of the analysis.
Inaccurate or incomplete data may lead to
ineffective decision-making, as the
insights derived from faulty data can be
misleading, Moreover, data privacy and
security concerns can arise if the existing
system does not adequately protect
sensitive student information, such as
personal details and academic records.

Furthermore, the existing system may
lack advanced analytics capabilities.
While basic data engineering processes
may be in place, the system may not have
the capability to perform in-depth
analysis and advanced statistica]
modeling techniques. This limits the
ability to identify nuanced patterns and
trends in student performance, hindering
the development of targeted interventions
and personalized learning approaches.
Without  these advanced analytics
capabilities, the system may struggle to
provide actionable insights for educators
and administrators.

Lastly, the existing system may‘]ack
integration ~ with  other  educational
platforms and  systems. For a

@ Scanned with OKEN Scanner



nrchensivc analysis  of
Canﬁmﬂf’"cc’ 1t 1s essential to com
pef from different  sources,
datd management
ﬂ‘lrl

k-;c%'"‘e"t platforms, ang

Student
bine the
Such gy
Systems,
st
affldiw}ack systems. However, it‘lldfl?et
t.b\‘bistin‘.-‘ system does not Scamless)y
;;tegﬁ“e “juh these pla}tforms, it can lead
“aa silos a}]d hinder the holistic
undcrsm“di"g of student performance,

LJing

In conclusion, the.existing system for
analyzing :?cademlc performance of
qudents using data engineering has
veral - disadvantages, including the
difficulty in  data  collection apq
integration, lack of flexibility and
scalability, absence of data quality contro]
mechanisms, limited advanced analytics
capabilities, and lack of integration with
other educational systems. Overcoming
these disadvantages is essential to
develop an effective and efficient system
that can provide accurate insights and
support evidence-based decision-making
in education.

IV.PROPOSED SYSTEM

The proposed work for analyzing
academic performance of students using
data engineering involves several key
steps. First, data would need to be
collected from various sources, such as
Student  records, assessments, and
attendance data. This data would need to
be processed and cleaned to ensure
accuracy and consistency. In this step, any
Missing or incomplete data would need to
be addressed and outliers would need to
be identified and handled appropriately

g{:;e the data has been cleanqd, it would
“’arehm be stored in a suitable datg
effics ouse or database for easy an
techn?m access. Data engl_neel‘m:(‘;l
Sche 'ques, such as data mode-h.ng an

Ma design, would be utilized t0

*Ure optimal storage and retrieval of the

data, T
< Tl
AMalysis o gy MNP IS 10 perforp, d
mvolye ¢ collecteq data. T; o
_ S tomre - This cap
statlstxca] alysi tLLh“‘qllcs such ag
C S,

, as .
Models thell a5 to build predictive
Al can  forecast future

erform;

gnil tom‘mnce. The final step is to visualize
meanpl esent the analyzed data in 2
e bl(l)lagrfdll: Wail. This can be done using
visua]izatioyns. '?‘Ezn;i’m ?sr t ilte e

. 0 make the
analyS}s results easily understandable and
accessible to various stakeholders, such as
teachers, administrators, and parents. .

Additionally, the proposed work would
alsq involve ongoing monitoring and
maintenance of the data pipeline and
analysis processes to ensure data
accuracy, reliability, and currency.
Overall, the use of data engineering
techniques in analyzing academic
performance of students can provide
valuable insights that can be used to
improve educational practices and
interventions.

The aim is to make the analysis results
easily understandable and accessible to
various stakeholders, such as teachers,
administrators, and parents. Additionally,
the proposed work would also involve
ongoing monitoring and maintenance of
the data pipeline and analysis processes to
ensure data accuracy, reliability, and
currency. Overall, the use of d.ata
engineering  techniques in analyzing
academic performance of students can

ide valuable insights that can be used

rov X
P tices and

to improve educational prac
interventions.
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Fig. 1. Performance Analyser Architecture

From the above Architecture figure 1 the
system has been shown Implementation
of security measures to protect sensitive
academic data.Scalability & Performance
and Designing the architecture to handle
large volumes of data and ensurg optimal
performance  and Monitoring &
Maintenance the Regular monitoring of
the system 1o identify and resolve any
Ssues.  This  architectural diagram
Provides comprehensive overview of
the components and processes involved in
“alyzing academic performance using
dla engineering and  multi-model
Machine leaming. It highlights the
'mpoftance of data ingestion, storage,
ii:";f‘& preprocessir!g, . _aﬂﬂl)’SiSd’
fecoa 1zation, and generating mslghts alll
needmmendatlox?s. It also emphasizes the
admini“’r user interfaces for educa]tlorss,
the ir?tfdtors. and studer{ts, as we ad
a(ljUStmcomorallor‘.. of tee‘dbaCk ’an“
Secus tnts. Additionally, it addrttS_SLS
’ compliance, scalability,

45

performan J
ntegration,

govcmnncc, a
comnmnicalion

V.\IETHODOLOGY

quule ]:DataColIeclion
his module fy
Proposed

and Integration.
ms the foundation of the

ollocs systf:m by focusing  op
cting and Integrating relevant daty
sources. tinvolyes

identifying various

8our
ources of data related to academic

performance, gycpy

a“c“da"(‘-C, grades, and extracurricular

actliviti‘cs. The module also includes
deSIgnmg data collection forms and
methods,

_ - ensuring  data quality and
Integrity, and defining data integration

procedures. By Systematically gathering
and consolidating data from different
Sources, this module enables a

comprehensive view of each student's
academic journey.

Module2:DataAnalysis and Visualization

This module leverages data engineering
techniques to analyze and interpret the
collected data. It involves using statistical
methods, machine learning algorithms,
and data mining techniques to identify
patterns, trends, and insights related to
academic performance. The module also
includes developing algorithms to
calculate metrics such as GPA, class
rankings, and performance indicators.
Visualization techniques are then
employed to present the analyzed data in
a user-friendly and easily understandable
manner, such as through charts, graphs,
and dashboards. This module enables
educators, administrators, and students
themselves to gain valuable insights into
academic  performance and make
informed decisions.

Module 3: Data Reporting and Deciston

Support.  This module focuses (;(ljl
1 i e al

generating comprehensive reports ¢
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Ery
{1

“pizions  wnd  ethical  guidelines.

Teamore, collecting and  analyzing
V45 zmmounts of data can be complex and
Sroimensive,  Institutions  must
Tt in suible  infrastructure,
el and skilled personnel 1
wage wand process the data effectively.
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Fig.2. Web Page URL’S

The "Local URL" allows you to view and
interact with our Streamlit app on our
local machine. Simply open our preferred
web  browser and  npavigate  to
http://localhost:8501.  The  “Network
URL" provides an altemative address,
allowing access to the application from
other devices on the same local network.
These URLs serve as the gateway 1o our
Streamlit app, facilitating a scamless
experience for both local and network-
based interactions As Shown in the fig
2.The system for analyzing fzcadcmic
performance of students using dfita
engineering is a powerful tool tha‘l assists
cducational  institutions in effectively
evaluating the progress and achicycmcntzﬁ
of their students, By hamessing the
capabilitics of data cngmccrm{;,‘ }hl;S
system enables the collection, prOwalﬂgé
and analysis of vast amounts of academt

data 10 provide valuable insights.
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Fig.3. Web Site Page

m the above web site page that
Frg‘cfates the Student detailes that should
Ln én}er inthe form as shown in the aboye
ﬁeg 3. one of the key feaFures of this
system 1s the ability to efficiently collect
data from various sources such as studgnt
information systems, learning
management systems, and assessment
platforms. ~ This  ensures that 4
comprehensive set of data can be
gathered,  course enrollments, grades,

atendance records, and assessment
results.

’

Data engineering techniques are then
applied to clean, transform, and Integrate
the collected data into a unified and
Stuctured  format.  This allow's for
seamless analysis and the creation of
meaningful visualizations and reports.
Using advanced analytics methods, the
Wslem can generate a wide range of
Performance indicators, such as overall
GPA, individual course performance, and
“endance trends, These indicators can be
Urther analyzed,

: ized
Ehe System can also provide personal
e

. e n

"Mmendations and interventions ﬁOf

 analyss, For instance, it can identity
smdem

: r
S Who may be at risk of Ung;
erfomliﬂg or dropping out and notily
Clevgy

s or
1 stakeholders, such as teacher

Ounge| .

Urther. © Provide timely support

CUrricylm the syster an assist ip
nning a

allocay

target resource

Subjects where

Accuracy
\
92.3

\
Precision

[ — ]
94.2

\

Y identi fying
ggle the mogy

o

Recall
\

95.3

I

e

F1 score

98.2

Table. | .Accuracy performance metrics
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In conclusion, the system for analyzing
academic performance of students using
data engineering empowers educational
institutions to make data-driven decisions
and improve the learning outcomes of
their students. By harnessing the power of
data, this system provides valuable
insights,  facilitates personalized
interventions, and supports the overall
improvement of academic performance at
both the individual and institutional levels
8 shown in the above fig 4.

Vil. CONCLUSION

inconclusion, the system for analyzing
“ademic performance of students using
a engineering is a valuable tool that

48

provideg insightful
educators and

collecting ang anal
performance, the
comprehensive

individy
well as t

information  for
administrators. By
yzing data on student
system allows for a
understanding of
al strengths and weaknesses, as
demogmrr::l?iisg 1;1;11 Pattcrns across various
Tile 1 S. This enz.lb.les educators to
: i ormed decisions, such as
1df:nt|_fylng arcas for improvement,
tailoring instruction to meet students'
pecds, and assessing the effectiveness of
Interventions. Additionally, the system
promotes data-driven decision-making
and accountability, fostering a culture of
continuous  improvement. Overall, the
implementation of this system can greatly
enhance academic outcomes and support
student success.

VIII.FUTURE WORK

The future work on the system for
analyzing academic performance of
students using data engineering could
focus on several aspects to enhance its
functionality and usability. Firstly,
refining the data collection process is
crucial. This could involve the integration
of data from various sources, such as
attendance records, coursework grades,
and student feedback, to provide a
comprehensive  view of  student
performance. Additionally, implementing
real-time data extraction methods would
allow for more timely analysis and
intervention. Secondly, the system could
benefit from the integration of predictive
analytics  techniques. By leveraging
historical ~ data, machine  learning
algorithm could be employed to identify
patterns and make accurate predictions
about individual student performance,
enabling proactive interventions and
personalized support.  Furthermore,
exploring the use of advanced
visualization techniques can enhance the
system's ability to present data in an
intuitive and meaningful way. This could
involve incorporating ~ interactive
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bo""ds and data visualizationg that

Jos | instructors and administratory 1
v : nte

allo! 15 understand and mterpret student

qmoo ance trends.  Finally,

of

pb

cnsuring
Jata P11

vacy and .sccurily should be g top
i with strict protocolg in place 1o
. 1cci sensitive studcn} mformation,
pl(.)cmn‘ future work on this system holds

\ ficant potential 1o improve academic

gigni o
grformance  ANAYSIS and  support
dccision-makmg ity L
institutions.
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