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Abstract: Choosing the right career is a significant decision, especially for students and young professionals who face increasing
uncertainty due to the wide range of career options and the constantly changing demands of the job market. Traditional career
counseling methods often lack personalization and fail to consider an individual's unique attributes. This study presents a
personalized career recommendation system using machine learning to offer tailored career suggestions based on academic
performance, skills, interests, personality traits, and extracurricular activities. A comprehensive dataset was compiled from
academic records, psychometric assessments, and user-submitted profiles. Several supervised machine learning algorithms
including Decision Trees, Random Forest, Support Vector Machines (SVM), K Nearest Neighbours (KNN), and Neural
Networks were implemented and compared to determine the most effective model. Feature preprocessing techniques such as
normalization, one-hot encoding, and Principal Component Analysis (PCA) were applied to improve model accuracy and
performance. The system provides users with a ranked list of suitable career paths along with interpretability features that
explain the rationale behind each recommendation. Experimental results demonstrate that machine learning techniques
significantly improve the accuracy and relevance of career guidance. The proposed system offers a scalable, data-driven solution
and has potential for integration into educational platforms to assist users in making informed career decisions Keywords:
Career Guidance, Decision Trees, Machine Learning, Neural Networks, Personality Traits, Random Forest.
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L. INTRODUCTION

Choosing the right career path is a crucial decision that significantly impacts an individual's future. However, with a wide range of
options available today, students and job seekers often face confusion and uncertainty. Traditional career guidance methods, which
rely on aptitude tests and counseling, can be time-consuming and may not always reflect real-world opportunities or individual
potential accurately. Machine Learning (ML), a branch of Artificial Intelligence, offers a promising solution to this problem. By
analyzing large datasets containing academic records, personal interests, skill sets, and past career outcomes, ML models can
identify patterns and make intelligent predictions about suitable career paths for individuals. These systems can provide
personalized career suggestions based on a user's input, helping them make more informed decisions. The system uses classification
algorithms to identify relationships between skill sets and career roles. In this project, the Random Forest algorithm is used due to
its high accuracy and ability to handle classification problems effectively. By evaluating multiple decision trees and combining their
outputs, Random Forest improves prediction reliability and reduces overfitting. Furthermore, modern systems are expected not only
to provide recommendations but also to offer interactive support. Therefore, this project integrates a Natural Language Processing
(NLP)-based chatbot that assists users by answering career-related queries. The chatbot uses techniques such as TF-IDF
vectorization and cosine similarity to understand user questions and provide relevant responses The increasing availability of digital
platforms and web-based applications has made it possible to deploy such systems online, making them accessible to a wide range
of users. By integrating Machine Learning models with a web interface using Flask and frontend technologies like HTML, CSS, and
JavaScript, this system provides a seamless and interactive experience. In this project, we explore the development of a machine
learning-based career prediction system that aims to recommend appropriate career options based on various input features.
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A. Objectives

To develop a machine learning model capable of predicting suitable career options for individuals based on their academic
performance, interests, and skills. To collect and pre-process relevant datasets containing career-related information for accurate
model training and testing. To implement and evaluate different machine learning algorithms (e.g., Decision Trees, Random Forest
etc.) to determine the most effective one for career prediction. To design a user-friendly interface that allows users to input their
details and receive career suggestions. To provide data-driven guidance to students or job seekers, thereby reducing confusion and
enhancing decision-making regarding future career choices. To design a user-friendly interface (web-based or desktop) where users
can enter their details and receive career recommendations. To enhance career guidance services for students, institutions, or career
counsellors using data driven insights. To build a scalable and adaptable system that can be trained with new data and applied to
different educational systems or demographics. To promote awareness and assist in career planning, especially for students from
rural or underrepresented backgrounds who may lack access to expert counselling.

1. LITERATURE SURVEY

Sharma [1] developed a system that used decision trees to predict the best-suited career options based on students’ academic scores
and personality traits. Their study demonstrated that decision tree classifiers can achieve satisfactory accuracy while maintaining
model interpretability for non- technical users. Patel and Prajapati [2] explored the use of Naive Bayes and K-Nearest Neighbors
(KNN) algorithms for career prediction. Their results showed that KNN performed slightly better in handling diverse datasets with
overlapping features, while Naive Bayes was faster and more efficient for large-scale data. Agarwal and Kumar [3] proposed a
hybrid model combining Support Vector Machine (SVM) and Random Forest to enhance the accuracy of career recommendations.
Their approach outperformed individual models by reducing bias and variance through ensemble learning. Gupta [4] emphasized
the role of interests and extracurricular activities in career selection. They integrated survey data with educational performance
metrics and used logistic regression to predict the likelihood of success in specific career domains. Deepa and Ganesan [5] presented
a deep learning-based model using artificial neural networks (ANN) for career prediction. Their model achieved high accuracy,
especially when large and well- labeled datasets were available, but required significant computational resources.

Jain and Bhardwaj [6] developed a web-based career recommendation system using a Random Forest classifier trained on student
academic records and career outcome data. Their system achieved a high level of accuracy and was praised for its ability to handle
noisy and incomplete data due to the robustness of ensemble learning methods. Mehta [7] emphasized the role of psychometric data
in career prediction. They used clustering algorithms like K-Means to group users with similar interest patterns and then applied
classification algorithms to suggest careers within the clusters. Their study revealed that incorporating psychological profiling
significantly improved the quality of recommendations. Rani and Arora [8] explored the use of Natural Language Processing (NLP)
to extract meaningful insights from open-ended student inputs, such as their aspirations or goals. Efficient Key-Based Encryption
and Authentication for Advanced Digital Forensic Storage Security was developed for inventory management using cloud
computing and web based architectures are developed [9-11]. This approach added a qualitative dimension to the prediction model,
enabling more customized and human-like responses from the system [12]. Despite the advancements, most existing systems have
limitations in real-world deployment due to challenges like lack of personalized feedback, dataset biases, and changing job market
trends [13]. Therefore, this project aims to build a more robust, flexible, and user-oriented career prediction system that leverages
machine learning for effective and adaptive career guidance [14]. Some of the artificial intelligence, machine learning and deep
learning models are described in details [15-21].

A. Proposed Solution

The proposed solution involves the development of a career recommendation system that leverages machine learning algorithms,
particularly Random Forest, to provide personalized career suggestions for university students. This system will be built using a
dataset that includes various student attributes such as academic performance (in subjects like math, science, history, and others),
extracurricular activities, part-time jobs, and career aspirations. The Random Forest algorithm is chosen for its ability to handle
high-dimensional data, its robustness against over fitting, and its interpretability, which makes it suitable for making complex
predictions based on diverse student profiles. The core objective of this system is to assist students in selecting the right career path
by predicting the most suitable academic studies or career options. The system will process various inputs from the student,
including their gender, academic scores, extracurricular involvement, and career aspirations, to generate a list of recommended
career options. The data collection process will involve sourcing various academic and demographic details from a reliable dataset,
such as Kaggle.
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Pre-processing steps will include cleaning the data, encoding categorical variables like gender and career aspirations, and scaling the
features to ensure the model can process them effectively. The recommendation system will be accessible through an intuitive web
interface, allowing students to input their data and receive tailored recommendations. The web application will be designed to be
user-friendly, enabling students to easily navigate through the recommendation process. In the long term, the proposed system can
be expanded to include real-time data feedback, where students' academic performance and extracurricular involvement are updated
dynamically to refine the system's recommendations. Additionally, the system could be integrated with career development
platforms, offering students access to internship and job placement opportunities that align with their recommended career paths.

1. METHODOLOGY
The methodology of the Career Recommendation System describes the step-by-step process used to build and implement the
system. The proposed system uses machine learning techniques to analyze user skills and recommend suitable career paths. The
complete workflow includes data collection, data pre-processing, model training, model deployment, and user interaction through a
web interface.
A. Data Collection
The first step in the methodology is collecting the dataset used to train the machine learning model. The dataset contains
information related to student skills, academic background, and career categories. These data attributes help the system understand
the relationship between student abilities and suitable career paths. The dataset used in this project is stored in a CSV file and
contains multiple features such as programming skills, communication ability, and other technical competencies. Each record in the
dataset represents a set of skill values associated with a particular career category.

B. Data Pre-processing

Before training the machine learning model, the collected dataset must be prepared and cleaned. Data pre-processing improves the

quality of the dataset and ensures that the machine learning algorithm can process it efficiently. The pre-processing steps include:

1) Removing missing or inconsistent values from the dataset

2) Converting categorical values into numerical form when necessary

3) Normalizing or scaling feature values

4) Separating the dataset into input features and target labels After pre-processing, the dataset is ready for training the machine
learning model.

C. Model Training

The machine learning model is trained using the processed dataset. In this project, the Random Forest algorithm is used as the main
classification technique. Random Forest is an ensemble learning method that combines multiple decision trees to produce more
accurate predictions. It works by creating several decision trees using different subsets of the dataset and then combining their
predictions to determine the final output. Once the model achieves satisfactory accuracy, it is saved as a serialized file
(career_model.pkl) so that it can be reused in the web application. The training process involves:

1) Loading the dataset into the training environment

2) Dividing the dataset into training and testing sets

3) Training the Random Forest classifier using the training data

4) Evaluating the model performance using the testing data

D. Model Integration

After training the machine learning model, it is integrated into the web application. The saved model file is loaded into the backend
system, where it can process user input and generate career predictions. The backend of the system is implemented using Python
and Flask. When a user enters their skill values through the web interface, the backend application sends these values to the trained
model. The model analyzes the input features and predicts the most suitable career category.

E. Web Application
Development To make the system accessible to users, a web application is developed. The application provides a user-friendly
interface where students can enter their skill ratings and receive career recommendations.
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The web application performs the following functions:
1) Accept user input related to technical and soft skills
2) Send the input data to the machine learning model
3) Receive the predicted career result

4) Display the recommended career to the user

F. Chatbot Integration

In addition to the recommendation system, a chatbot module is included to improve user interaction. The chatbot can respond to
common queries related to career guidance and system usage. The chatbot uses basic Natural Language Processing techniques to
match user questions with predefined responses. This feature enhances the user experience by providing quick assistance.

G. Implementation

The implementation of the Career Recommendation System involves developing a machine learning based application that analyzes

user skills, interests, and academic information to suggest suitable career paths. The system integrates machine learning algorithms

with a web application to provide personalized career guidance.

1) Data Collection: The first step in implementation is collecting the dataset used for training the machine learning model. The
dataset contains information related to student skills, academic background, personality traits, and career categories. These
features help the system understand the relationship between user abilities and potential career options. The dataset is stored in
a structured format such as CSV files and used for training the prediction model.

2) Data Pre-processing: Before training the model, the dataset is cleaned and prepared to ensure accuracy and efficiency. Missing
values and inconsistent data are removed during this stage. Categorical attributes such as interests or personality types are
converted into numerical form using encoding techniques. Feature scaling and normalization are also applied to maintain
consistency among input variables. These pre-processing steps improve the performance and reliability of the machine learning
model.

3) Model Training: After pre-processing, the machine learning model is trained using the prepared dataset. Multiple supervised
learning algorithms such as Decision Trees, Random Forest, Support Vector Machine (SVM), K-Nearest Neighbours (KNN),
and Neural Networks are implemented and evaluated. Among these algorithms, the Random Forest classifier provides better
accuracy and reliability for predicting career categories. The trained model analyzes user input data and predicts suitable career
options based on their skill set.

4) Model Integration: Once the model is trained, it is saved and integrated into the backend system. The backend is developed
using Python and the Flask framework. When a user enters their skill values through the web interface, the backend processes
this information and sends it to the trained machine learning model. The model then predicts the most suitable career categories
and returns the results to the application.

5) Web Application Development: A user-friendly web interface is developed to allow users to interact with the system. The
frontend is designed using HTML, CSS, and JavaScript, providing a simple and intuitive platform for users to enter their
details. After submitting their information, the system processes the data and displays the recommended career paths along with
confidence scores.

6) Chatbot Integration: To enhance user interaction, a chatbot feature is integrated into the system. The chatbot helps users by
answering common career-related queries and guiding them through the system. Natural Language Processing techniques are
used to analyze user questions and provide relevant responses.

7) System Deployment: After successful development and testing, the system is deployed so that users can access it through a web
browser. The deployed application allows students and job seekers to receive personalized career recommendations quickly and
efficiently.

V. RESULTS AND DISCUSSION
A. System Implementation Results
The Career Recommendation System was successfully implemented as a web-based application that integrates machine learning
techniques to provide personalized career suggestions. The system includes multiple modules such as user authentication, chat
assistance, skill assessment, exam evaluation, career recommendation generation, and career roadmap visualization.
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1) System Dashboard: After successful login, the user is redirected to the main dashboard of the Career Recommendation System.
The dashboard displays various modules including the Chat Assistant and Skill Assessment sections.

v © Cover RecommenduticnSytem X © Carewr Bocommendatn Sysem X o o

o

o

Recommendation System

® Chat Assistant M skill Assessment

Type “start” to begin Rate your skills from 0o 5

@ Hil I'm your career assistant. Type start to begin

g & a L ~CET2BRHUKO S AGGa W eem o500
Figure 1: Main Dashboard of Career Recommendation System

2) Online Skill Test Interface: The system also provides an online examination feature where users can test their knowledge in a
particular skill. Multiple-choice questions are presented to evaluate the user's understanding.

Q10. Which of these is immutable?

Dictionary

Set

Tuple

Figure 2: Python Skill Test Question Interface
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3) Test Completion and Score Display: After completing the exam, the system calculates the score automatically and displays the
result along with the rating based on the performance.

127.0.0.1:5500 says

2 Python test completed
Score: 5/10
Rating: 3

B8 All questions completed!

Figure 3: Python Skill Test Result Display

4) Career Recommendation Output: Once the skill assessment and exams are completed, users can generate career
recommendations by clicking the "Get Career Recommendation™ button. The system analyzes the provided skill data using the
machine learning model and generates the top career matches.

M Skill Assessment

Python

Figure 4: Career Recommendation Results

5) Career Match Display: The system provides the top three career suggestions along with confidence percentages indicating how
closely the user's skills match each career path.

+# Your Career Match

Top 3 Career Recommendations

Confidence: 33%

Click to view roadmap

Confidence: 32

Click to view roadmap

Confidence: -

Click to view roadmap

Figure 5: Top Career Matches Generated by the System
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6) Career Roadmap Visualization: To assist users in achieving their recommended career goals, the system also provides a detailed
career roadmap. This roadmap outlines the required programming languages, tools, and skills needed to succeed in a specific
career.

t — Roadmap

Figure 6: Data Analyst Career Roadmap

The results demonstrate that the proposed Career Recommendation System effectively analyzes user skill levels and generates
relevant career suggestions. By combining skill self assessment, exam-based evaluation, and machine learning predictions, the
system provides personalized career guidance. The integration of skill-based testing improves the accuracy of recommendations by
validating the user's knowledge level. Additionally, the roadmap feature provides a structured learning path that helps users
understand the skills required to achieve their desired career goals. The user interface of the system is designed to be simple and
intuitive, allowing users to easily navigate through the modules such as login, skill assessment, exams, and recommendation results.
Overall, the system serves as a useful tool for students and beginners who are unsure about selecting the right career path in the
technology domain.

V.  CONCLUSION

In this project, a Career Recommendation System using Machine Learning was developed to help students choose suitable career
paths based on their skills, interests, and academic performance. Selecting the right career is an important decision for students, and
many students face confusion due to the large number of available career options. This system aims to assist students by providing
data-driven career suggestions. The system uses machine learning techniques to analyze input data and predict suitable career
options. By training the model with relevant datasets, the system is able to identify patterns and recommend careers that match the
user's profile. The results demonstrate that machine learning algorithms can effectively support career guidance and decision
making. The project also highlights the importance of technology in the field of education and career planning. By automating the
recommendation process, the system reduces manual effort and provides quick and personalized suggestions to users. Although the
current system provides useful recommendations, there is still scope for further improvement by integrating more datasets, advanced
algorithms, and real-time job market information. With additional enhancements, the system can become a more powerful tool for
career guidance.

A. Future Scope

Although the Career Recommendation System provides helpful career suggestions using machine learning techniques, there are
several ways the system can be improved in the future. First, the system can be enhanced by adding more types of data. In addition
to academic marks, information such as personality traits, interests, psychometric test results, and current job market trends can be
included. This will help the system give more accurate and personalized career recommendations. Second, more advanced machine
learning methods can be used to improve the prediction accuracy. Techniques such as deep learning, ensemble models, and hybrid
recommendation systems may provide better results compared to basic models.Another improvement is making the system more
transparent and trustworthy. By using explainable Al techniques, the system can show users why a particular career was
recommended. This will help users understand the results and ensure the system avoids bias. The user interface can also be
improved by developing a mabile application or a more interactive web platform.
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A simple and easy-to-use interface will help students explore career options more comfortably and give feedback on the
recommendations. In the future, the system can also be tested with real students and career counselors. Their feedback will help
evaluate the system’s usefulness and improve its performance. Finally, the system can be designed to update itself regularly with
new data and job market trends. This will ensure that the recommendations remain relevant and up-to-date. Overall, these
improvements will make the career recommendation system more accurate, user friendly, and useful for students when choosing
their future careers.
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