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Abstract: As education becomes increasingly informatized, leveraging technology to enhance the quality
of education and bolster students' competitiveness has gained significant importance. In this study, we
present the design and implementation of a student performance classification and prediction system
utilizing the random forest algorithm. The primary goal of this system is to offer students and educational
institutions a comprehensive understanding of students' learning statuses through data analysis and
personalized recommendations, while also providing necessary support measures. We delve into the
system's design objectives, practical applications, user instructions, employed technologies, core
algorithms and principles, implementation and optimization procedures, as well as its operational and
running requirements. Lastly, we explore the system's potential for widespread adoption and its value in
educational settings.
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1. Introduction

With the swift advancement of society and constant evolution in science and technology, the realm
of education has undergone remarkable transformations. In this dynamic landscape, students encounter
fierce competition from their peers and grapple with myriad challenges, including the accelerated pace
of knowledge renewal and escalating skill requirements. To empower students in navigating these
challenges, educational institutions are relentlessly exploring and innovating, striving to enhance the
quality of education and lay a robust foundation for their future development!!.

In recent years, the increasing integration of cutting-edge technologies such as big data and artificial
intelligence into various aspects of education, driven by the profound push for education informatization,
has revolutionized traditional teaching methodologies. These technological advancements have
presented novel avenues and tools to enhance educational quality, particularly in data analytics and
artificial intelligence. By delving into vast troves of student learning data, institutions can gain precise
insights into students' learning statuses, pinpoint learning gaps, and deliver personalized learning
recommendations!?,

Motivated by this backdrop, this paper aims to design and implement a student achievement
classification and prediction system leveraging the random forest algorithm. The random forest, as an
efficient machine learning algorithm, excels in addressing classification and prediction challenges. Its
application to the analysis and forecasting of student scores promises a more nuanced understanding of
students' learning progress and enables targeted learning guidance. Furthermore, this system has the
potential to provide educational institutions with a scientific basis for optimizing resource allocation,
refining teaching strategies, and ultimately elevating the overall standard of education.

Specifically, the proposed system will collect comprehensive student learning data encompassing
course grades, study hours, online behavior, and other pertinent information. Utilizing the random forest
algorithm, this data will be processed and analyzed to construct a robust student performance
classification and prediction model. This model will forecast students' academic trajectories, timely
identify potential learning risks, and offer pertinent warnings and suggestions to students. Simultaneously,
educational institutions can leverage the system's analysis to make informed decisions on resource
allocation and teaching strategy adjustments, ultimately contributing to a holistic improvement in
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education quality!®.

2. System design
2.1 Design goals and objectives

Design objectives

The design goal of this system is to build an efficient and accurate student course grade prediction
system. The system will make use of the powerful classification and prediction capabilities of the
Random Forest algorithm to deeply mine students' learning data, provide personalized learning path
suggestions for students, and at the same time provide scientific decision support for educational
institutionsl.

Design purposes

Personalized learning support: through the analysis of students' historical learning data, the system is
able to identify students' learning patterns, strengths and weaknesses, so as to provide them with
customized learning suggestions and resource recommendations to enhance learning results!.

Improved academic success: by predicting which courses or knowledge points students are likely to
struggle with, the system helps educators to intervene in a timely manner to provide the necessary
counseling and support, thereby reducing the risk of student failure and improving their academic success.

Data-driven decision support: the system provides educational institutions with comprehensive data
analysis reports to help them better understand students' learning needs and behavioural patterns, so that
they can formulate more rational and effective teaching strategies and resource allocation plans.

2.2 Application scenarios
Curriculum planning: educators can adjust curriculum content and teaching methods to better meet

the learning needs of students based on the system's prediction(®ls.

Student counselling: the system identifies students who are experiencing learning difficulties and
provides them with targeted counselling and support!”.

Resource allocation: Educational institutions can optimize the allocation of educational resources
based on the results of the system's data analysis to ensure that resources are maximized.

Education policy formulation: education policy makers can utilize the forecasting and analytical
functions of the system to formulate more scientific and effective education policies.

2.3 Operating instructions

User interface

The system provides an intuitive and easy-to-use graphical user interface (GUI) to ensure that users
can easily use the system to predict and analyze student scores even if they do not have professional data
analysis skills.

Operational processes

1) Input of student-related information: the user first needs to input the basic information of the
student, such as name, student number, etc., so that the system can carry out the subsequent data
correlation and analysis!®.

2) Selection of course and semester for prediction: The user can select the course for which he/she
wants to make a grade prediction from the list of courses provided by the system and specify the
corresponding semester.

3) The system automatically analyzes the data and generates a prediction report: once the user submits
a prediction request, the system automatically collects and analyzes the student's learning data, uses the
Random Forest algorithm to make a prediction of the grade, and generates a detailed prediction report.

4) The user can view the report and obtain personalized suggestions: the user can view the prediction
report in the GUI of the system, and the report will show the students' predicted scores, possible risk
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points and corresponding personalized learning suggestions in detail. Users can also export the report to
PDF or other formats as required for further analysis and sharing.

3. Technical realization

In this section, the technical implementation details of the student achievement classification and
prediction system will be elaborated, including the key steps of data collection and cleaning, feature
engineering, model construction and optimization, and visualization and report generation.

3.1 Data collection and cleansing

Data collection: The system first collects student learning data from the information system of the
educational institution. These data include students' basic information (e.g., gender, age, family
background, etc.), course information (e.g., name of the course, instructor, difficulty of the course, etc.),
performance records (e.g., homework results, quiz results, final exam results, etc.), and learning behavior
data (e.g., length of time spent on online learning, logging in frequency, and records of accessing
resources, etc.).

Data cleansing: The raw data collected often have missing values, outliers, duplicate records and
other problems, which need to be cleaned and pre-processed. The system uses data cleaning algorithms
and tools to process the raw data as follows.

Missing value processing: for missing data, the system uses filling (e.g., using the mean, median or
plurality to fill in), interpolation or deletion, depending on the degree of missingness and importance of
the data.

Abnormal value processing: the system uses statistical methods (such as box chart, Z-score, etc.) to
identify abnormal values and correct or delete them according to the actual situation.

Duplicate record handling: the system removes duplicate student records through a data de-
duplication algorithm to ensure the uniqueness and accuracy of the data.

3.2 Feature engineering

In the feature engineering stage, the system further processes and transforms the cleaned data to
extract features useful for performance prediction. Specific steps include.

Selection of characteristics: Based on professional knowledge and experience in the field of education,
the system selects characteristics that are closely related to students' academic performance, such as
gender, family relationship, grade, class, subject matter of the curriculum and students' learning behaviors.
These characteristics can reflect students' learning status, learning habits and potential learning ability.

Feature coding: For non-numeric features (e.g., gender, course topics, etc.), the system uses
appropriate coding methods (e.g., unique heat coding, label coding, etc.) to convert them into numeric
data for subsequent model training.

Feature standardization: in order to eliminate the dimensional difference and numerical range
difference between different features, the system standardizes the numerical features (such as Z-score
standardization, minimum maximum standardization, etc.), so that different features have the same
weight and influence in the model.

3.3 Model construction and optimization

The system adopts the random forest algorithm as the core prediction model, which has powerful
classification and regression capabilities and is suitable for dealing with multi-dimensional features and
complex data relationships. The specific steps include.

Model construction: the system uses cleaned data and extracted features as inputs to construct a
random forest model. During the construction process, the system adjusts the parameters of the model
(e.g., the number of decision trees, the maximum depth, the splitting criterion, etc.) to preliminarily
determine a basic feasible model structure.

Model optimization: in order to improve the predictive performance and generalization ability of the
model, the system uses optimization techniques such as cross-validation and grid search for model tuning.
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Cross-validation can divide the dataset into training set and validation set to train and validate the model
several times; grid search can automatically search for the optimal parameter combinations within the
specified parameter range, so that the model can achieve the best prediction effect on the validation set.

Model evaluation: the optimized model needs performance evaluation to ensure that it meets the
needs of practical applications. The system uses indicators such as accuracy rate, recall rate and F1 score
to evaluate the classification performance of the model; At the same time, the mean square error (MSE),
root mean square error (RMSE) and other indicators were used to evaluate the regression performance
of the model. These indicators can comprehensively reflect the prediction accuracy and stability of the
model.

3.4 Visualization and report generation

In order to facilitate the user to understand the prediction results intuitively and get personalized
suggestions, the system provides a visual interface and detailed prediction reports. This is achieved as
follows.

Visual interface: the system uses a graphical interface to display prediction results and personalized
recommendations. Users can view information such as students' predicted grades, learning status curves,
potential risk points, etc. through the interface; at the same time, the interface also provides interactive
functions that allow users to customize the content and format of the display according to their needs.

Report Generation: the system generates detailed forecast reports based on forecast results and
analysis data. The report includes basic information of students, overview of course performance,
analysis of prediction results, personalized suggestions, etc. The report adopts structured text format
(such as Markdown, HTML, etc.), which is convenient for users to read and share; At the same time, the
system also provides the export function, allowing users to export reports to PDF or other common
formats for saving and printing.

4. Operational environment and application value

Operating environment

This system is developed based on Python language, and uses its rich data processing and machine
learning library to achieve core functions. To ensure the stability and efficiency of the system, it is
recommended to run on a Windows platform equipped with necessary software and libraries. Such
configuration can ensure that the system can process a large amount of data smoothly and provide fast
prediction results.

Software and library requirements
Operating system: Windows (the latest version is recommended to ensure compatibility)
Python version: Python 3. x (stable version is recommended)

Necessary Python libraries: including but not limited to NumPy, Pandas, Scikit-learn, Matplotlib, etc.,
for data processing, model training and result visualization.

Application value
The application and promotion value of this system is reflected in many aspects, which has brought
significant benefits to educational institutions, students, parents and educational decision-makers.

4.1 Enhancing student learning outcomes

By accurately predicting students' academic performance, the system is able to identify students'
learning difficulties and weaknesses in a timely manner and provide them with personalized learning
suggestions and resource recommendations. This kind of accurate learning support can help stimulate
students' interest and motivation in learning, which in turn can improve their learning effect and academic
success rate.

4.2 Optimizing the allocation of resources for education

Educational institutions can allocate educational resources, such as teachers, classrooms and teaching

Published by Francis Academic Press, UK

21-



International Journal of Frontiers in Engineering Technology

ISSN 2706-655X Vol.6, Issue 3: 18-26, DOI: 10.25236/1JFET.2024.060303

equipment, in a more rational manner based on the system's forecasting results and analysis reports. Such
optimal allocation can ensure the maximum utilization of resources, and at the same time meet the
learning needs of different students and improve the overall quality of education.

4.3 Strengthening home-school cooperation

The system can provide parents with detailed feedback and forecast reports on their children's
learning, helping them to better understand their children's learning status and trends. This transparency
of information helps to enhance the communication and cooperation between home and school, and to
provide strong support for the growth and development of children.

4.4 Support for educational decision-making

Education policy makers can make use of the system's forecasting functions and analytical results to
formulate more scientific and effective education policies and development plans. These decisions will
be based on actual data and predicted trends, and will be more targeted and forward-looking, helping to
promote sustainable development and innovation in education.

In summary, the application and promotion of this system will bring multiple values to the education
field and help realize more personalized, efficient and fair education. Through the scientific application
of this system, educational institutions can more accurately meet the learning needs of students and
provide strong support for the overall development of students.

4.5 The functions and features of the system are described in detail as follows.

Function
1) Data collection and integration

The system is capable of automatically collecting student learning data from the information systems
of educational institutions, including basic information, course information, grade records and learning
behavior data. These data are cleaned and integrated to form a comprehensive and accurate student
learning database.

2) Forecasting and analysis of results

Utilizing the Random Forest algorithm and other machine learning techniques, the system can predict
a student's performance in future courses based on the student's learning history and current performance.
At the same time, the system also provides in-depth analysis of student learning data, including learning
pattern recognition, strengths and weaknesses analysis.

3) Personalized learning advice

Based on the results of performance prediction and analysis, the system is able to generate
personalized learning suggestions for each student, including learning path planning, resource
recommendation and learning strategy adjustment, etc., in order to help them improve their learning
effectiveness.

4) Real-time tracking and feedback

The system tracks students' progress and performance in real time, providing instant feedback to
teachers and educational administrators. This helps them to identify student learning problems and take
effective interventions.

5) Visualization and report generation

Through an intuitive visualization interface, users can easily view students' predicted scores, learning
status and other key indicators. In addition, the system can automatically generate detailed forecast and
analysis reports to provide strong support for educational decision-making.

Features
1) Highly integrated

The system realizes the automation of the whole process from data collection, cleaning, analysis to
forecasting and report generation, which greatly improves work efficiency and accuracy. At the same
time, the high degree of integration between the various modules within the system ensures the
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consistency and integrity of the data.
2) Strong forecasting capabilities

Using advanced machine learning algorithms such as Random Forest, the system is able to accurately
predict students' course grades, providing strong support for personalized education. In addition, the
system supports continuous optimization and updating of the prediction model to adapt to the changing
educational environment and student needs.

3) Personalized education support

The system is able to provide customized learning advice and resource recommendations based on
the unique needs and learning characteristics of each student. This personalized educational support helps
to stimulate students' interest and potential in learning, and improve their learning outcomes and
satisfaction.

4) User-friendly interface design

The system is designed with an intuitive and easy-to-use graphical user interface, which makes it easy
for users to operate the system even if they do not have professional data analysis skills. At the same
time, the interface also provides a wealth of interactive features and customization options to meet the
diverse needs of users.

5) Flexible and scalable

The system is designed to be flexible and scalable. Educational institutions can customize and expand
the system functions according to their needs, such as adding new data types, predictive models or report
formats. In addition, the system supports seamless interface and integration with other educational
information systems.

4.6 Implementation of python

A complete Python program that implements the above functions will be quite complex and require
the cooperation of multiple modules and components. Next, I will provide a simplified framework to
show how to use Python and common libraries (such as pandas, scikit-lear, etc.) to build such a system.
Please note that this is only an example framework, and more details and exception handling are required
in practical applications.

“python
import pandas as pd
from sklearn.ensemble import RandomForestRegressor
from sklearn.model_selection import train_test _split, GridSearchCV
from sklearn.metrics import mean_squared_error
import matplotlib.pyplot as plt
# Assuming we've got a dataset with all the necessary features
#This data set should be a CSV file, containing student information, grades, etc
#Here we use pandas to load data
def'load data(file_path):
return pd.read_csv(file_path)

# Data preprocessing functions (this is just a simplified example, the actual processing will be more
complex)

def preprocess_data(data):

#Assuming that 'gender’, 'family relationship', etc. are classified variables, they need to be
coded

#The encoding process is omitted here. In practical applications, you can use get_dummies from
Pandas or OneHotEncoder from sklear
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# Assuming we have processed all the categorical variables and removed the unneeded columns

#...

# Separate characteristics and target variables

X=data. drop ('target_grade ', axis=1) # Assume that' target grade 'is the target score we want
to predict

y = data['target_grade']

return X, y
# model training function
def train_model(X train, y_train):
# Using a random forest regression model

model = RandomF orestRegressor()

# Parameter tuning (this is just an example, the parameter space will be larger in real
applications)

param_grid = {
'n_estimators': [100, 200],
'max_depth': [3, 5],

# Parameter tuning using grid search
grid_search = GridSearchCV(model, param_grid, cv=>35, scoring='neg_mean_squared_error’)

grid_search.fit(X train, y_train)

# Returning the optimal model
return grid_search.best_estimator_
# The main function
def main():
# Load data

Data=load data ('student data. csv') # Assume that the data file name is' student data. csv'

# Data pre-processing

X, y = preprocess_data(data)

# Delineate training and test sets (validation sets may also be needed for practical applications)

X train, X test, y_train, y_test = train_test_split(X, y, test_size=0.2, random_state=42)

# Training models

model = train_model(X train, y_train)
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# Predicting test sets and evaluating model performance
y_pred = model.predict(X test)
mse = mean_squared_error(y_test, y pred)

print(f"Mean Squared Error on Test Set: {mse}")

# Visualize the predicted results (this is just a simple example, the visualization will be more
complex in the actual application)

plt.scatter(y_test, y_pred, alpha=0.5)
pltxlabel('Actual Grades')
plt.ylabel('Predicted Grades')
plt.title("Actual vs Predicted Grades')
plt.show()

# Other functions such as generating reports can be added here...

# Run the main function (make sure all the above functions and dependencies are properly installed
and defined)

’

if _name _=='_main__":

main()

This program framework contains the basic steps of loading data, pre-processing data, training the
model, evaluating the model and visualizing the results. However, please note the following.

1) The data preprocessing section is very simplified, and more detailed processing is required for
practical applications, including missing value filling, outlier handling, feature coding, etc.

2) A random forest regression model was used for model training, and simple parameter tuning was
performed through grid search. More complex models and tuning strategies may be required for practical
applications.

3) The visualization section simply shows a scatter plot of actual versus predicted performance.
Richer visualizations, such as learning curves, importance of features, etc., may be needed for practical
applications.

4) The program does not include the function of generating forecast reports. This part needs to be
implemented according to specific needs. You can use Python's document generation library (such as
docx) to create and populate report templates.

5) The program framework also does not include real-time tracking and feedback functionality, which
typically requires integration with databases and front-end applications for real-time updating and
presentation of data.

5. Conclusions and outlook

Under the background of education informatization, the classification and prediction of students'
performance has become a hot spot in the field of education. The classification and prediction system of
students' performance based on random forest algorithm designed and implemented in this paper not only
shows its great potential of application in the field of education, but also provides new ideas and methods
for personalized education and optimization of educational resources allocation.

Through in-depth mining and analysis of students' learning data, the system can accurately predict
students' future performance, provide teachers with targeted teaching suggestions and recommend
personalized learning resources for students, thus maximizing the use of educational resources and

Published by Francis Academic Press, UK

-25-



International Journal of Frontiers in Engineering Technology
ISSN 2706-655X Vol.6, Issue 3: 18-26, DOI: 10.25236/1JFET.2024.060303

improving students' learning results. At the same time, the system can also provide decision-making
support for educational administrators, helping them to carry out educational planning and resource
allocation in a more scientific and rational manner.

However, there is always room for improvement in any system. For the student achievement
classification and prediction system designed in this paper, future research directions include the
following.

First of all, the functions of the system should be further improved. At present, the system mainly
realizes the classification and prediction of performance, and in the future, we can consider adding more
functional modules, such as the analysis of students' learning behavior, knowledge mastery assessment,
etc., in order to provide more comprehensive educational services.

Secondly, expanding application scenarios. In addition to the application in student performance
prediction, the system can also be expanded to other educational fields, such as curriculum
recommendation, learning path planning, education policy evaluation, etc., to meet the needs of different
users.

Again, the prediction accuracy can be improved. Although the random forest algorithm has achieved
good results in grade prediction, it can still improve the accuracy and stability of prediction by
introducing more features and optimizing the algorithm parameters.

Finally, the integration and application of other educational technologies is being explored. With the
continuous development of educational technology, there are more and more new educational tools and
platforms. In the future, we can consider integrating the system designed in this paper with these
educational technologies to provide more intelligent and personalized educational services. For example,
it can cooperate with online learning platforms to push the prediction results directly to students and
teachers to provide them with more timely and effective learning support.

In conclusion, the student achievement classification and prediction system based on the random
forest algorithm has a broad application prospect and great development potential in the field of education.
By continuously improving the system functions, expanding the application scenarios, improving the
prediction accuracy, and exploring the integration and application with other educational technologies, it
is believed that the system will make greater contributions to the development of education in the future.
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