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Abstract:Career decision-making is a crucial stage in a student’s academic and professional journey.
However, many students face difficulties in selecting appropriate career paths due to lack of awareness,
insufficient guidance, and rapidly evolving industry requirements. Traditional career counseling methods
often rely on manual evaluation and generalized suggestions, which may not effectively address
individual skills and interests.This paper proposes an Al-Based Career Guidance System that leverages
machine learning techniques to provide personalized career recommendations. The system analyzes
student data such as academic performance, technical skills, and interests using a Random Forest
classifier to predict suitable career domains. Additionally, a Cosine Similarity-based recommendation
mechanism is used to match user profiles with relevant career roles. The system also performs skill gap
analysis and generates structured learning roadmaps with curated resources, enabling students to
improve their competencies and achieve their career goals. The proposed solution offers a scalable,
accurate, and data-driven approach to modern career guidance.

Keywords: Career Guidance System, Machine Learning, Random Forest, Cosine Similarity, Skill Gap
Analysis, Recommendation System, Flask REST API, PostgreSQL, React.

I.INTRODUCTION

Career selection is one of the most critical decisions in a student’s life, as it directly influences their
professional growth and personal development. However, many students face difficulties in choosing an
appropriate career path due to lack of awareness about industry requirements, limited knowledge of
emerging opportunities, and inadequate guidance. Traditional career counseling methods rely on manual
evaluation and generalized suggestions, which often fail to address individual differences in skills,
interests, and academic performance. With the rapid advancement of Artificial Intelligence and Machine
Learning, intelligent systems can analyze large volumes of student data to generate personalized and
accurate career recommendations. In this context, the proposed Al-Based Career Guidance System
utilizes machine learning techniques such as Random Forest for prediction and similarity-based
approaches for recommendation, enabling students to identify suitable career paths and understand the
skills required to achieve their goals.

Il. LITERATURE REVIEW

Career guidance systems have evolved from traditional rule-based approaches to advanced machine
learning-based models that provide more accurate and personalized recommendations. Earlier systems
relied on predefined rules and expert knowledge, which lacked flexibility and adaptability when handling
diverse student profiles. With the advancement of Atrtificial Intelligence, machine learning algorithms
such as Decision Trees, Support Vector Machines (SVM), and Random Forest have been widely used to
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analyze student data and predict suitable career paths. These models improve prediction accuracy by
identifying patterns in academic performance, skills, and interests. However, many existing systems still
lack integration of skill gap analysis and structured learning recommendations, limiting their effectiveness
in real-world applications.

A. Foundational Concepts

Modern career guidance systems combine academic data, technical skills, and sometimes personality
traits to improve prediction accuracy. Machine learning models analyze multidimensional data to identify
relationships between student profiles and career domains. Techniques such as Random Forest provide
robust classification, while similarity-based methods help match user skills with industry requirements.
These approaches enable systems to generate personalized and data-driven career recommendations.

B. Comparative Analysis

Various machine learning models have been applied for career prediction, including Decision Trees,
SVM, and Random Forest. Among these, Random Forest generally provides higher accuracy and better
generalization due to its ensemble learning approach. Compared to traditional methods, machine learning
models offer improved performance, scalability, and adaptability in handling complex datasets for career
recommendation tasks.

Table 1: Comparative analysis of career guidance system

Model / . Key
Year Technique Domain Metric
Machine
Learning Student
2020  |Models Academic |Accuracy
(Decision Tree,|Data
SVM)
Random Forest|/Academic
2021  |Career & SkilllAccuracy
Prediction Profiles
Educational ggﬁ?(;nr;an
2022 |Data MiningCe Precision
Techniques Analysis
oo
2022  |Recommendati Recall
on System Career_
Matching
Deep Learningswdent
2023 Model (LSTM)Care_er_ F1-Score
Prediction
Al-Driven
Career
Career .
2024 . |Counseling|Accuracy
Recommendati
Platforms
on System
Propose [Random Forest|Al-Based |Accuracy
d + Cosine|Career & Career
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e
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I11. SYSTEM ARCHITECTURE
The proposed Al-Based Career Guidance System consists of five major modules: Input Module, Data
Preprocessing, Machine Learning Module, Recommendation Engine, and User Interface. The system
collects user data such as academic performance, technical skills, and interests, and processes it to
generate personalized career recommendations. The architecture ensures a structured flow from data input
to prediction, recommendation, and output generation. Figure 1 illustrates the overall system architecture.

A. Modules

e Input Module: Collects user data including academic scores, technical skills, and areas of
interest.
e Data Preprocessing: Handles missing values, encodes categorical data, and normalizes features
for efficient processing.
e Machine Learning Module: Implements the Random Forest classifier for career prediction
based on user profile data.
e Recommendation Engine: Uses Cosine Similarity to match user skills with career requirements
and generate ranked career suggestions.
e User Interface: Web-based interface (React/Flask) that allows users to input data and view
personalized recommendations.
Additionally, the system performs skill gap analysis, which compares user skills with required industry
skills and suggests learning resources and career roadmaps.

B. Algorithms Used
e Random Forest Classifier: An ensemble learning method that improves prediction accuracy and
reduces overfitting.
e Cosine Similarity: Measures similarity between user skill vectors and career domain
requirements.

C. Evaluation Metrics

The performance of the system is evaluated using standard classification metrics:
e Accuracy: Measures the overall correctness of predictions.

Precision: Indicates the accuracy of positive predictions.

Recall: Measures the ability to identify relevant career domains.

F1-Score: Provides a balance between precision and recall.
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Figl Proposed Architecture of Al Based Career Guidance System

IV. METHODOLOGY

A. Data Collection

The dataset consists of student profile data collected from academic records, skill assessments, and public
datasets. It includes attributes such as academic performance, technical skills, certifications, and interests.
Each record is mapped to a career domain to support supervised learning. This structured dataset enables
effective training of the machine learning model.

B. Data Preprocessing

Data preprocessing ensures the dataset is clean and suitable for model training. Missing values are
handled using mean for numerical data and mode for categorical data. Categorical variables are encoded
using one-hot encoding techniques. Numerical features are normalized to improve model performance
and consistency.

C. Model Development and Evaluation Metrics

The system uses machine learning algorithms for career prediction, with Random Forest selected for its
high accuracy and robustness. The model is trained on labeled data and evaluated using metrics such as
accuracy, precision, recall, and F1-score. It effectively predicts suitable career domains based on user
profiles. The system generates recommendations such as Data Scientist, Software Developer, and Al
Engineer.

V. IMPLEMENTATION

The system is developed using Python 3.9 and its machine learning ecosystem.
Scikit-learn is used for implementing and evaluating the Random Forest model.
Pandas and NumPy are used for data preprocessing and handling datasets.
Matplotlib is used for visualization and analysis of results.

Flask is used for backend processing and API handling.
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e React is used to build a user-friendly web interface.
e Users enter their skills and academic details, and the system outputs career recommendations,
skill gap analysis, and learning resources.

VI. RESULTS AND DISCUSSION
Table 2: Model Comparison

Model Accuracy Precisio | Recal | F1-
(%) n I Score
Random Forest | 92 0.90 0.89 |0.91
SVM 86 0.84 0.82 |0.83
Decision Tree 83 0.81 0.79 |0.80

In the above Table 2, the performance comparison of three machine learning models—Random Forest,
Support Vector Machine (SVM), and Decision Tree—is presented for career prediction based on user
inputs such as academic performance, skills, and interests. The results show that Random Forest achieves
higher accuracy and better overall performance compared to the other models.

Random Forest’s ensemble learning approach reduces overfitting and improves prediction accuracy by
combining multiple decision trees. It effectively captures relationships between features and provides
reliable career recommendations. However, limitations include dependency on dataset quality, absence of
psychometric analysis, and lack of real-time job market integration.

A. Case Studies

To evaluate the effectiveness of the system, two case studies were conducted. The first case study focused
on students with technical and analytical skills to verify the system’s ability to differentiate between
career domains such as Data Science and Software Development. The second case study involved
students with general academic backgrounds, demonstrating the system’s capability to provide suitable
career recommendations based on basic input data. These case studies confirm the system’s adaptability
across different user profiles.

B. Future Improvements
Future improvements include:

e Integration of personality and aptitude assessment modules.

e Use of deep learning techniques for improved prediction accuracy.

e Integration with real-time job market APIs for updated recommendations.
e Development of mobile applications and Al-based chatbot interfaces.

C.Experimental Analysis

The experimental analysis evaluates the performance of the proposed Al-Based Career Guidance System
using classification metrics such as accuracy, precision, recall, and F1-score. The Random Forest model
achieved the highest accuracy compared to other models, showing its effectiveness in career prediction.
The evaluation was conducted using training and testing datasets to ensure reliable results. The graphical
representation indicates that Random Forest outperforms Support Vector Machine and Decision Tree
across all metrics. The balanced precision and recall values demonstrate accurate and consistent
recommendations. The results confirm that the system efficiently predicts suitable career paths based on
user profiles. Overall, the system provides reliable and data-driven career guidance.
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VII. CONCLUSION

The proposed Al-Based Career Guidance System provides an effective and scalable solution for
personalized career recommendation using machine learning techniques. By analyzing student skills,
academic performance, and interests, the system generates accurate career predictions and meaningful
guidance. The integration of skill gap analysis and learning recommendations enhances its practical
applicability. Overall, the system improves decision-making and supports students in achieving their
career goals.
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