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KEYWORDS ABSTRACT

Career Guidance System, This paper presents an Al-driven web-based system titled One Stop Personalized Career
Machine Learning, Personalized and Education Advisor aimed at providing end-to-end personalized career guidance to
Recommendation, Education  students.The proposed system addresses limitations of traditional career counseling such as
Advisor, Web-Based  generic recommendations, lack of scalability, and skills—job mismatch.It analyzes user
Application,Student Decision academic records, interests, skills, and aptitude data to generate suitable career and
Support. education pathways.Machine learning techniques are employed to recommend career roles,

educational programs, and relevant skill development courses.Natural Language
Processing is used for skill extraction from unstructured user data.A knowledge
graph-based approach is utilized to map careers, skills, courses, and job requirements.The
system identifies skill gaps between the user profile and target career roles.Based on this
analysis, personalized learning paths and course recommendations are generated.The
platform integrates a user-friendly web interface for interaction and visualization of
results.Experimental evaluation demonstrates high relevance and accuracy in career
recommendations.The system improves decision-making confidence among students.It
reduces dependency on manual counseling processes.The solution is scalable and adaptable
to different academic domains.The proposed model supports continuous improvement
through user feedback.Overall, the system provides an intelligent and holistic solution for
modern career and education guidance.

1. INTRODUCTION interdisciplinary fields, and dynamic job market

In today’s rapidly evolving educational and requirements have significantly increased career
employment landscape, students face increasing complexity. As a result, many students struggle to align
difficulty in making informed career and education their interests, academic performance, and skill sets with

choices. The expansion of academic programs, emerging

e
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suitable career paths, often leading to poor career
decisions, dissatisfaction, and underemployment.

Recent advancements in artificial intelligence and
machine learning offer promising solutions to address
these challenges by enabling personalized, data-driven
decision support systems. Intelligent career advisory
platforms can analyze multiple student parameters and
provide customized recommendations, thereby reducing
human bias and improving decision accuracy. This
study proposes a One Stop Personalized Career and
Education Advisor that integrates machine learning
techniques with a user-friendly web platform to assist
students in identifying suitable career and educational
pathways.

1.1.Background of Career Guidance Systems:

Career guidance systems play a crucial role in
assisting students in identifying suitable career paths
based on their academic performance, interests, and
skills. Traditionally, career guidance has been delivered
through manual counseling sessions conducted by
teachers, career advisors, or educational institutions.
While these systems have contributed to student
decision-making, they face several limitations in
addressing the dynamic and competitive nature of
modern career landscapes. With rapid advancements in
technology and the emergence of new career domains,
there is an increasing need to transform conventional
guidance mechanisms into intelligent, data-driven
systems.
a)Traditional Counseling Limitations

Traditional career counseling methods rely
heavily on manual assessments and subjective judgment,
which often results in generalized and biased
recommendations. These approaches lack scalability and
fail to adapt to the rapidly changing career landscape.
Moreover, limited availability of trained counselors
restricts access, especially in rural and tier-3 regions.
b)Increasing Student Confusion in Career Selection

The rapid emergence of new career domains and
has

students

interdisciplinary roles significantly increased

confusion among while making career
decisions. Many students struggle to align their
academic performance, skills, and interests with suitable
The

personalized guidance further amplifies uncertainty and

career options. absence of structured and

leads to uninformed career choices.
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c)Digital Transformation in Education

The integration of digital technologies in
education has enabled data-driven learning and
personalized student experiences. Advanced tools such
as artificial intelligence and machine learning allow
effective analysis of student data to support informed
decision-making. This digital shift creates opportunities
for intelligent career guidance systems that are adaptive,
scalable, and accessible.

1.2. Problem Statement:

Despite the growing availability of educational
resources and career options, a significant gap still exists
in providing effective and personalized career guidance
to students. Traditional career advisory mechanisms
largely rely on manual counseling, static assessments,
and generalized suggestions, which often fail to address
the individual strengths, interests, and aspirations of
students. This results in poor career decision-making,
skill mismatch, and long-term dissatisfaction.
a)Lack of Personalization

Most existing career guidance systems follow a
one-size-fits-all uniform

approach, offering

recommendations ~ without considering individual
academic performance, aptitude levels, and personal
interests. The absence of personalized analysis limits the
effectiveness of career guidance and reduces student
confidence in the recommendations provided.
b)Generic Recommendations

Current systems frequently generate broad and
repetitive career suggestions that are not aligned with
evolving industry requirements. Such generic outputs
fail to reflect emerging career domains and do not adapt
to the unique profiles of students, leading to unrealistic
or outdated career pathways.
c)Absence of Data-Driven Decision Support
lack the

integration of data analytics and machine learning

Traditional guidance methods
techniques. Decisions are often based on assumptions
rather than predictive insights derived from student
data, resulting in low accuracy and limited reliability of
career recommendations.
d)Guidance Gap for Rural and Tier-3 Students
Students from rural areas and tier-3 institutions
face restricted access to professional counseling and
modern career advisory platforms. Limited exposure,
lack of expert mentorship, and insufficient technological
support further widen the career guidance gap, placing




these students at a disadvantage in competitive
academic and employment environments.
1.3. Need for Al-Based Career Advisory System:

The rapid evolution of educational pathways
has

decision-making increasingly complex for students.

and career  opportunities made  career
Traditional guidance mechanisms are often unable to
analyze large volumes of student data or adapt to
dynamic industry requirements. An Al-based career
advisory system addresses these challenges by
providing intelligent, personalized, and data-driven
recommendations that align individual capabilities with
suitable career paths.
a)Data-Based Prediction Importance

Artificial intelligence enables the analysis of
academic performance, aptitude scores, and interest
patterns to generate objective and accurate career
predictions. Unlike subjective counseling approaches,
data-driven models ensure consistency, scalability, and
improved decision reliability.
b)Skill-Gap Identification

The proposed system identifies gaps between a
student’s current skill set and the requirements of target
careers. This allows learners to receive actionable
guidance on skill development, certifications, and
learning pathways necessary to achieve career readiness.
c¢)Emerging Career Domains

With the rise of new domains such as Artificial
Intelligence, Data Science, Cybersecurity, and Cloud
Computing, students often lack awareness of suitable
entry paths. The system integrates knowledge of
emerging technologies and aligns student profiles with
modern industry-relevant career options.
d)Reducing Career Decision Anxiety

By offering clear, personalized, and explainable
Al-based

minimizes confusion and uncertainty in career selection.

recommendations, the advisory system
This structured guidance enhances student confidence
and supports informed long-term educational and
professional planning.
1.4 Scope of the Proposed System:

The proposed “One Stop Personalized Career
and Education Advisor” system is designed to assist

students at various academic levels by providing

personalized, data-driven career and education
recommendations.
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a)Students (10th, 12th, Degree)

The system caters to students at critical

academic transition stages, including secondary
education, higher secondary education, and
undergraduate  level, =~ where career decisions

significantly influence long-term professional growth.
b)Engineering and Non-Engineering Streams
The both

engineering and non-engineering domains by mapping

proposed  solution  supports
student profiles to suitable career paths across diverse
fields such as technology, management, science, arts,
and commerce.
c)Personalized Education Pathway Suggestions
Based on predictive analysis, the system
recommends customized education pathways, including
skill

individual

course options, specialization areas, and

development suggestions aligned with

student profiles and emerging industry requirements.

2. OBJECTIVES
The objectives of this

designing and implementing an intelligent, data-driven

research focus on

career guidance system that supports students in making
informed educational and career decisions through the
application of machine learning techniques.
2.1 Primary Objective:

The primary objective of this study is to develop
an intelligent web-based career and education advisory
The

proposed system aims to analyze students’ academic

system ~using machine learning algorithms.
performance, aptitude levels, and individual interests to
generate personalized career recommendations. By
replacing traditional rule-based guidance with a
predictive, data-driven approach, the system seeks to
enhance recommendation accuracy, reduce career
selection ambiguity, and support students in choosing
suitable education pathways aligned with their potential
and market demand.
2.2 Secondary Objectives:
e To collect, integrate, and preprocess academic,
aptitude, and interest-based student data.
e To implement supervised machine learning
algorithms for career prediction.
e To design a user-friendly and interactive

web-based dashboard for result visualization.




e To improve the accuracy and reliability of career
recommendations through optimized model

training.

3. MATERIALS & METHODS
3.1 Materials Used:

The development and implementation of the
proposed “One Stop Personalized Career and Education
Advisor” system required a combination of modern web
machine tools, and data

technologies, learning

processing libraries. The selected materials ensure

system scalability, efficiency, and accurate predictive
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The development and implementation of the proposed
'One Stop Personalized Career and Education Advisor' system

—-I BACKEND FRAMEWORK }——

Asynchronous.

required a combination of modern web technologies, machine
earning tools, and data processing libraries.

—| FRONTEND TECHNOLOGIES }—

The user interface was developed using React-
JS, enabling dynamic, responsive, and inte-
eractive web applications,

r—{ DATABASE MANAGEMENT }-—1

Alightweight relational database stores

student profiles, academic records, aptitude
scores, and recommendation results.

ADecision Tree Classifier was employed as the
core algorithm for career prediction,
selected for its interpretability.

a)Programming Language

language due to its extensive support for data analysis,
machine learning, and backend development. Its rich
efficient model

of libraries enables

data

ecosystem

development, preprocessing, and seamless
integration with web frameworks.
b)Frontend Technologies

The user interface of the system was developed
using React]S, a component-based JavaScript library
that enables the creation of dynamic, responsive, and
interactive web applications. React]S enhances user
experience by providing real-time updates, efficient state
management, and modular Ul components, making the
platform intuitive and user-friendly for students.
c)Backend Framework

The backend services were implemented using
FastAPI, a high-performance Python web framework
designed for building scalable and secure RESTful APlIs.
FastAPI was chosen for its asynchronous processing
low and automatic API

capabilities, latency,
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documentation  support. It facilitates efficient
communication between the frontend interface and the
machine learning prediction engine.
d)Database Management
A lightweight relational database was used to
store student profiles, academic records, aptitude scores,
and recommendation results. The database ensures
structured data storage, quick retrieval, and secure
handling of user information, supporting reliable system
operations.
e)Machine Learning Algorithm
A Decision Tree Classifier was employed as the
core machine learning algorithm for career prediction.
The algorithm was selected for its interpretability, ease
of implementation, and ability to model non-linear
relationships between input features and career
outcomes. Decision Trees provide clear decision rules,
which enhance transparency and explainability in
recommendation systems.
f)Libraries and Tools
The system utilized several Python libraries,
including:
e Pandas and NumPy for data manipulation and
numerical computation
e Scikit-learn for model training, testing, and
evaluation
e Matplotlib for

performance analysis

data  visualization and
These tools collectively enabled efficient data

preprocessing, model development, and result analysis.

3.2 Methods Used:
a)Dataset Collection

The dataset used in this study was constructed
to represent key factors influencing career and education
decisions. It comprises multiple components, including
academic performance records, aptitude assessment
scores, interest survey responses, and self-evaluated skill
ratings. Academic data include subject-wise scores and
overall performance indicators, while aptitude data
capture logical reasoning, quantitative ability, and
skills.
through structured questionnaires designed to identify

verbal Interest-based inputs were collected

domain preferences. Skill ratings reflect students’
perceived proficiency in technical and soft skills. The

collected datasets were consolidated to form a unified




input profile for each student, enabling comprehensive
analysis and accurate career prediction.
b)Data Preprocessing

Data preprocessing was performed to enhance
data quality and ensure effective model training.
Missing values were identified and handled using
appropriate imputation techniques to maintain dataset
consistency. Categorical variables such as interests and
preferred domains were encoded into numerical
representations using label encoding. Feature scaling
was applied to normalize numerical attributes and
reduce bias during model training. The processed
dataset was then divided into training and testing
subsets using an 80:20 split ratio, ensuring reliable
performance evaluation of the proposed machine
learning model.
¢) Model Selection

A supervised machine learning approach was
adopted for career prediction, with the Decision Tree
Classifier selected as the primary algorithm. The
decision tree model was chosen due to its
interpretability, ease of implementation, and ability to
handle both numerical and categorical data effectively.
The model learns decision rules from the training dataset
by recursively splitting features based on information
gain, enabling transparent and logical career
recommendations. The trained classifier was evaluated
using standard performance metrics to assess its

prediction accuracy and reliability.

4. EXPERIMENTAL METHODOLOGY
The experimental methodology outlines the
technical framework and operational workflow adopted
to implement and evaluate the proposed personalized
career and education advisory system. The system
follows a structured machine learning pipeline to ensure
accurate, reliable, and interpretable career
recommendations.
4.1 System Architecture:

The proposed system follows a three-tier architecture
to ensure modularity, scalability, and efficient data
processing. The architecture is divided into presentation,
application, and data layers, each responsible for specific
system functionalities.

The (frontend)

web-based user interface through which users submit

presentation layer provides a

academic details, aptitude scores, interests, and skill

580

e
International Journal for Modern Trends in Science and Technology

ratings. The application layer (backend) handles core

business logic, including data  preprocessing,

authentication, and interaction with the machine
learning recommendation engine through REST APIs.
The data layer (database) manages persistent storage of
user profiles, assessment responses, and prediction
results.

This

communication between components, improves system

layered  architecture  enables  seamless

maintainability, and supports efficient generation of

personalized career and education recommendations.

é User —»| Browser

d

[ 1. Presentation Layer (Frontend)

@ Application {

| Login, Quiz, Dashboard, REST AP Calls |
I ‘

&

[ 2. Application Layer (Backend)

Data Request RESTAP! r_@ Business Logic '» Authentication |—% pEST AP

V.
= .

Response to User

API Request
_ Processin

@ l_ SQL Queries / ORM

3. Data Layer (Database)

Gz,
T sQL Database R W
User Profiles, Quiz Responses,
Colleges & Timelines

Fig:Three-Tier System Architecture
4.2 Feature Engineering:
Feature engineering was performed to identify
that

significantly influence career outcomes. Key features

and construct meaningful input attributes

include academic percentage, which reflects overall

academic performance; logical reasoning scores,

representing analytical ability; communication skill
ratings, indicating interpersonal effectiveness; and
skill

competencies. These features were carefully selected to

technical ratings, measuring domain-specific
capture both cognitive and practical aspects of student
capability, thereby enhancing the prediction quality of
the model.
4.3 Model Training Process:

A supervised learning approach was adopted to
train the career prediction model. The preprocessed
dataset was divided into training and testing subsets

using an 80:20 ratio. During the training phase, the




Decision Tree classifier learned decision rules by
recursively splitting features based on information gain.
In the testing phase, the trained model was evaluated on
unseen data to assess its generalization capability. This
approach ensures that the model produces reliable and
unbiased career recommendations.

4.4 Evaluation Metrics:

The performance of the proposed system was
evaluated wusing standard classification metrics.
Accuracy was used to measure the overall correctness of
predictions. Precision and recall were employed to
assess the relevance and completeness of the predicted
career categories. The Fl-score provided a balanced
evaluation by combining precision and recall
Additionally, a confusion matrix was used to analyze
correct and incorrect predictions across different career
classes, offering deeper insight into model performance.
4.5 Implementation Workflow:

The system implementation follows a structured
workflow beginning with user registration and profile
creation. Users then complete an assessment module that
captures academic details, aptitude scores, interests, and
skill ratings. The prediction engine processes this data
through the trained machine learning model to generate
personalized career recommendations. Finally, the
results are displayed on a user-friendly dashboard,
providing clear insights and suggested education

pathways to support informed career decision-making.

User Registration

Data Input

Data Preprocessing

A

ML Prediction

\A

| Career Recommendation |

.

| Dashboard Output |

Fig: Implementation Flowchart

5. RESULTS & DISCUSSION

This section presents the experimental results
obtained from the proposed personalized career and
education and discusses the

advisory  system
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performance of the machine learning model used for
career prediction. The effectiveness of the system was
evaluated using standard classification metrics and
comparative analysis.

5.1 Model Performance Analysis:

The performance of the proposed system was
evaluated by analyzing the prediction accuracy of the
implemented machine learning model. The experimental
results demonstrate that the Decision Tree classifier
effectively learns decision patterns from student
academic, aptitude, and skill-related data and generates
reliable career recommendations.
a)Accuracy Comparison Table

An accuracy comparison was performed to
assess the effectiveness of different supervised learning
algorithms considered during experimentation. The
results indicate that the Decision Tree classifier achieved
higher accuracy compared to alternative models,
demonstrating its suitability for handling both numerical

and categorical features present in the dataset. The

comparison  highlights  the  robustness  and
interpretability of the selected model for career
prediction tasks.
100%
90.1%
80.5%
8 ~15.5%
~10.0%
g P o A
5 0
< DECISION
3 TREE | | Support o :
8w cushER | ver | |99 | " e
< 415% Machine | (Regression| | Bayes
20 1 9
WU RA 00
0
n Random Random  DECISIONTREE SupportVector  Logistic ~ Naive Bayes |
Forest Forest CLASSIFIER ~ Machine  Regression

Fig:Accuracy Comparison

b)Best Performing Algorithm

Based on the comparative evaluation, the
Decision Tree classifier emerged as the best-performing
algorithm in terms of overall accuracy and prediction
consistency. Its hierarchical decision-making structure
enables transparent and logical career recommendations,
which is particularly beneficial for educational guidance
systems. The experimental results confirm that the
selected model provides a balanced trade-off between

accuracy, interpretability, and computational efficiency.




5.2 Confusion Matrix Interpretation:

The confusion matrix was used to analyze the
classification performance of the proposed career
recommendation system by comparing predicted career
categories with actual labels. Correct predictions along
the diagonal indicate accurate classification, while
off-diagonal values represent misclassifications. The
results show a higher number of correct predictions,
demonstrating the effectiveness of the Decision Tree
classifier in distinguishing between different career
paths. Misclassifications were primarily observed among
closely related career domains, indicating overlap in skill

and aptitude requirements.

Predicted Class

True Positive False Positive
(TP) (FP)
True
Actual - s FP
Positive
Class
False
; FN
Negative

Precision = TP / TP + FP
FP
TP /TP + FN

Recall = =

Fig :Confusion matrix
5.3 Graphical Representation:

Graphical analysis was performed to visually
evaluate model performance. An accuracy bar graph
illustrates the overall prediction accuracy of the
implemented model, highlighting its effectiveness in

career classification.

Accuracy

Accurracy (%)

3071
20T

’ Test I?eration ! ’

Additionally, a model comparison chart was
used to compare the Decision Tree classifier with
baseline approaches, demonstrating its superior
performance in terms of accuracy and interpretability.
These visual representations provide clear insights into

the reliability and robustness of the proposed system.

582

e
International Journal for Modern Trends in Science and Technology

5.4 System Output:
The

screenshots of the implemented web interface. The

system output is presented through

dashboard displays user assessment summaries,
including academic performance and skill analysis, in an
intuitive and visually structured format. The career
recommendation page presents personalized career
suggestions along with suitable education pathways,
enabling users to clearly understand the rationale behind
each recommendation. These outputs validate the
practical implementation and usability of the proposed
system.
5.5 Discussion:

The

superior performance due to its ability to model

Decision Tree classifier demonstrated
non-linear relationships and generate interpretable

decision rules based on student attributes. Its

transparent structure makes the recommendation
process understandable to users, increasing trust in the
system. However, limitations such as sensitivity to data
imbalance and potential overfitting were observed.
Despite these constraints, the system proves to be highly
applicable in real-world scenarios, particularly for
students from underserved regions, by providing
accessible, data-driven career guidance through a

scalable web-based platform.

6. SUMMARY & CONCLUSIONS
This

implementation of a machine learning—based “One Stop

study presented the design and
Personalized Career and Education Advisor” aimed at
students

decisions. The system integrates academic performance,

supporting in making informed career
aptitude assessment, interests, and skill evaluations to

generate  data-driven and  personalized career
recommendations.
6.1 Summary of Findings:

The experimental results demonstrate that the
proposed system successfully delivers personalized
career and education recommendations tailored to
individual student profiles. The use of a supervised
machine learning approach significantly improved
prediction accuracy compared to traditional rule-based
methods. Additionally, the system helped reduce
career-related uncertainty by providing structured,
and recommendations,

transparent, interpretable




thereby student confidence in

planning.

enhancing career
6.2 Final Outcome:

An Al-based intelligent career advisory system
was successfully developed and validated. The proposed
architecture is scalable and capable of supporting a large
and diverse student population. Overall, the system
functions as an effective decision-support tool that
bridges the gap between student capabilities and
suitable career pathways, contributing to more informed

and sustainable education and career planning.

7. FUTURE WORK
The proposed career and education advisory

system provides a strong foundation for intelligent

decision support; however, several enhancements can be

explored to further improve its effectiveness, scalability,

and real-world applicability.

7.1 Integration with Real-Time Job Market Data:
Future include

enhancements integrating

real-time job market analytics to align career
recommendations with current industry demands. This
integration would enable dynamic updates based on
emerging roles, skill requirements, and employment
trends.

7.2 NLP-Based Personality Analysis:

Natural Language Processing (NLP) techniques
can be incorporated to analyze personality traits through
textual inputs such as self-descriptions, feedback, or
questionnaire responses. This would allow deeper
behavioral insights and more refined career
recommendations.

7.3 Mobile Application Development:

The system can be extended into a mobile
application to improve accessibility and user
engagement. A mobile platform would enable students
to receive career guidance anytime and anywhere,
increasing usability and reach.

7.4 Cloud Deployment:

Deploying the system on cloud infrastructure
would enhance scalability, reliability, and performance.
Cloud-based deployment would support large-scale
user access, efficient data management, and seamless
system updates.

7.5 Integration with LinkedIn and Naukri APIs:
Integration with professional platforms such as LinkedIn

and Naukri can enable automated skill mapping, profile
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analysis, and job matching. This enhancement would
bridge the gap between education recommendations and

real employment opportunities.
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