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Abstract

These days, the old way of signing paper consent forms is slow and can cause mistakes.
There is no easy way to verify if they are real. The Digital Organ Donation E-Consent
System with Secure Digital Signature Verification is a website that lets patients agree to be
organ donors online in a safe and clear way. Doctors can put different forms on the website.
Patients can sign them online after proving who they are with a code. Auditors can check
these forms to make sure they were signed by using the app and a special signature. Today s
technology lets us protect people’s private data, stop anyone from changing forms, and keep
things safe. The app gets rid of paper forms and creates a safe and legal way to work with
forms. The suggested app saves time, stops forgery, and creates a record for review.

Keywords: Organ Donation, E-Consent System, Digital Signature, Information Security

1. Introduction

Donating organs is a vital and life-saving activity. For this to take place, the patient or the
donor must be given permission. This permission must be clear, quick, and legal. This
permission can be given in written form. However, this paper-based permission takes a lot of
time. This paper can be lost or tampered with by someone who does not have the right to do
so. This can cause legal problems. Furthermore, this does not ensure that the process will be
honest. Due to the rapid evolution of technology, the health care system is slowly moving
towards electronic paperwork. This electronic paperwork must be safe and legal. This
paperwork can be easily forged or tampered with. This can cause legal problems. Therefore, it
is extremely important to develop a safe electronic paperwork system that can ensure the
documents are safe, the patient is genuine, and the information is undisputed. This can be done
through a digital signature that makes use of coding. This can ensure that the documents are
genuine, safe, legal, and authentic. This can be done through the verification of the documents
through one-time passwords (OTP) that are used in the digital signature. This can ensure that
the person does not deny the actions. This can ensure honesty as well.

[1] Proceedings of the International Conference on Intelligent Systems and Machine Learning
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Therefore, to resolve the challenges that are associated with the current system, this study aims

to develop a Digital Organ Donation E-Consent System with Secure Digital Signature
Verification. This can be done through the uploading of the official organ donation consent
forms.

These online tools enable managers/inspectors to verify the authenticity and unaltered state of
the forms that were digitally signed using encrypted electronic signatures. In shifting from a
physical document to a secure digital document system, we eliminate the chances of human
error while providing consent, eliminate the chances of document modification, and speed up
the process of providing consent.

There are four major contributions that we make with the completion of this research:

» Topropose a secure online electronic organ donation consent process using secured electronic
signatures/online.

» To provide additional identity verification through OTPs to ensure patients provide informed
and legal consent.

» To use the encryption of the electronic signature to ensure the integrity, authenticity, and
security of the electronic documents.

« To provide a verification/validation process to assist healthcare providers and managers in
making fair and lawful decisions.

The rest of the paper is divided as follows: In Section Il, we discuss the previous studies on
digital consent systems, security of health care, and electronic signature techniques. In Section
111, we discuss the architecture and process of the proposed system. In Section 1V, we discuss
the implementation issues, results, and review of the system. In section V, we conclude and
discuss the future directions of the project.

2. Literature Review

Many studies were conducted to develop consent systems in health care facilities. It is
expected that these systems will be fast and safe. It is expected that these systems will be
prone to errors. More people are using consent with secure electronic means. Our health
records are very important to us. Researchers have been trying to find a way to replace
health records with health records. They want to make it easier for doctors and nurses to
keep track of our health records. This is because the old system is not good, as it is difficult
to keep track of health records. Therefore, researchers are trying to find a way to store health
records using computers. They want to use health records instead of health records on paper.
This is because it will be easier for people to keep health records. Health records will be
safer and more private than those on paper.

In order to avoid the inefficiencies of the consent procedures carried out by the manual
method, an electronic consent management system for the digitalization of patient
authorization processes at hospitals was proposed by [6]. The research explained the
benefits of the digitalization of the consent process to the healthcare providers by reducing
the time taken for the consent process. Additionally, the risk of error due to clerical mistakes
during the consent process can be reduced through the digitalization of the consent process.
However, the proposed electronic consent management system for the digitalization of the
patient authorization process at hospitals did not incorporate any effective cryptographic
techniques for the non-repudiation of the consent giver and the integrity of the digital
consent documents. Patient identity verification is a challenge for digital healthcare
platforms.

2] Proceedings of the International Conference on Intelligent Systems and Machine Learning
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[7] researched the possibility of using more than one means to verify who the
patient is, like one-time passwords and checking the patient’s fingerprints, before asking
for agreement. They discovered that using one-time passwords makes things a lot safer and
helps people trust the system more, especially when it comes to very private stuff like
medical information. Another very important feature of digital signatures is to make sure
the electronic forms are not tampered with.

[8] has made use of what is termed “public key infrastructure” to ensure that the
electronic medical documents are secure. If we use this kind of special “cryptographic
signature” as described, we can ensure that things cannot be altered by anyone else. If
someone alters something, we would know. It also helps us make sure that a document is
what it says it is, and stops people from saying they didn’t actually sign something. But this
study only used this process for everyday stuff, and didn’t look at things having to do with
organ donation. Some have even tried to use things like “blockchain” to do this, too.

A medical consent framework using blockchain that offers transparent audit trails and
can not be tampered with was proposed in [9]. However, the system was not suitable for use
in a real-time hospital where the infrastructure is limited because the cost of computation
and scalability was higher. Role-Based Access Control (RBAC) was combined with an e-
consent architecture that was utilized by the RBAC-based system. To keep control in the
organization for data privacy and confidentiality, doctors, patients, and administrators
received different access privileges. The significance of limiting access based on the role to
enhance confidentiality and reduce insider threats has been stated in this study. The
verification process was challenging because of the mentioned design that lacked an
automatic verification. To prevent forgery of documents and unauthorized document
modifications, a hash-based approach was proposed in [11]. This approach had a digital
signature that could easily detect even the slightest modification of documents. In electronic
consent systems, cryptographic hash functions are crucial to ensure the integrity of data.
Consent management systems were developed in [12] to improve the audit-driven systems.
The systems had kept every record of the activities of consent creation, signing, and
verification. These audit records are crucial in healthcare for post-event verification and
compliance.

Challenges of secure web-based platforms for healthcare are discussed by [13] and
suggest the importance of end-to-end encryption, secure authentication, and server-side
validation. The study further concluded that encryption techniques and digital signatures
could be used together to enhance trust and make it more resilient to cyber threats. A cloud-
based digital consent system is presented in [14]. The medical documents signed are stored
centrally in a cloud system, enabling access; however, the study clearly mentions the
problem with data privacy and security, and strong encryption mechanisms and signature
verification mechanisms should be put in place before applying this to critical healthcare
use cases. Despite these advancements, the majority of existing systems discussed above
focus on aspects of either digitization or security in isolation. There is limited research on
integrated frameworks that incorporate identity verification, cryptographic digital
signatures, and transparent audit mechanisms in a manner specific to organ donation
consent. This is a problem area, and this is why a Digital Organ Donation System with a
Consent System with Secure Digital Signature Verification is being proposed.

3. Methodology

The prime objective of this paper is to design and implement a secure, reliable, and
legally verifiable digital consent framework for organ donation by integrating identity
verification and cryptographic digital signature mechanisms.

[3] Proceedings of the International Conference on Intelligent Systems and Machine Learning
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A. Proposed Methodology

This process aims to make the current process paperless. It intends to replace the
current paper-based organ donation registration process with a secure electronic process. It
also aims to ensure the integrity, authenticity, and non-repudiation of your information.
Software involves three principals: the patient, the system administrator. Initially, only
authenticated doctors are allowed to upload the registration for on the website. These will
be stored securely and can be retrieved only by the patients after logging in. The patient can
login to the website using the login and will be asked to authenticate using OTP mechanism.
OTP is a two factor authentication process. This will ensure that only the intended patient
is registering as an organ donor. Once the patient is authenticated, the registration form can
be viewed and digitally signed. Software must ensure that this operation is performed using
secure methods. This will ensure the integrity of the individual who is signing the form and
will also ensure that the form has not been tampered after it has been signed. The signed
document is then securely stored with an algorithm for tracking document alteration. The
validity of the consent document can be later verified by the administrator or auditor by
validating the digital signature and recalculating the hash value. In case of tampering,
document invalidity is detected upfront during the verification phase. This ensures that the
tamper resistance, legal validity, and transparency of consent remain intact during the entire
process.

B. System Architecture and Security Framework

Figure 1 shows the architecture of the system. In the proposed system, a three-layer
architecture has been used. It has a presentation layer, application layer, and data layer. The
presentation layer provides user-friendly interfaces to the doctors, patients, and
administrators. The application layer performs the business logic operations like
authentication, OTP verification, digital signature creation using cryptography, and
verification of documents. The data layer securely stores all consent forms, signed
documents, cryptographic hash codes, and audit logs. Secure communication protocols are
used during data transmission to ensure confidentiality and integrity. Role-based access
control (RBAC) is used to limit users’ access to the system. Only doctors with valid
credentials can upload forms, only patients after patient verification can sign forms, and
only administrators or auditors can verify and audit forms.

Digital Organ Donation Management System - System Architecture Overview

& A (A [ lentlayer |
: Ngoy o K4 .
i e - Web Application [[HTML, CSS, , _ Secure Login,
Admin Doctor Donor JavacCpptit (Optional) Session Handing)
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Role-Based Admin RSA Encyption
Authettitation Contor Handing) Module
Donor Cantroller | Enrypted Signature (Signature)
Stored Admin Controfler
Document Status
Donor Controlier Donor Controller Data & Constory.
Database Layer (PSTS6S6QL)
User Database Donation Records
(Amin, Doctor, Donor) (Encrypted Signatures) Orean RequestRecerds | | [ ViewApproved
Data & History
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[5]

Figure 1. System Architecture of the Digital Organ Donation
E-Consent System

C. Digital Signature and Verification Process

Generation of the Digital signature is an essential part of the proposed system.
Cryptohash of the document is generated after the patient signs the consent form. The hash
is encrypted using the private key of the patient to generate the digital signature. Signed
document and the signature The public key and its reference are securely stored. While
verifying the digital signature, the system decrypts the signature using corresponding public
key and recomputes the hash of the stored document. If both the hash values are the same,
that means the document is authentic and has not been tampered with. The above process
ensures Data integrity, authenticity and non-repudiation.

D. Audit Trail and Transparency

Moreover, the system uses an audit trail mechanism that tracks all critical events that occur
within the system, including form upload, patient authentication, OTP verification, document
signing, and signature verification. This provides a complete audit trail that can be used by
healthcare institutions to increase transparency and accountability. This audit trail can be used
to trace the consent history of patients and can be used for legal or ethical reasons. This
mechanism can help build trust among the stakeholders and can lead to compliance with
healthcare regulations.

E. Performance Evaluation

Performance evaluation of the proposed system is carried out by assessing the relevant
parameters concerning the security, reliability, and usability of the system. The parameters for
evaluating the performance of the system include the verification rate of OTP, the accuracy of
the verification of the digital signature, the system's response time, and the system's ability to
counter document tampering. The evaluation results show that the suggested system can
prevent unauthorized access to the document, detect any changes to the document, and reduce
the response time required to process consent compared to traditional methods.

4. Implementation, Results And Discussions

Various system-level experiments were conducted to test the effectiveness, security,
and reliability of the proposed Digital Organ Donation E-Consent System.

A. Implementation of the Doctor Module

The doctor module was implemented as the first step, which would allow
authenticated doctors to upload standardized organ donation consent forms. Doctors are
logged in with secure credentials and then given the ability to upload, access, and edit

Proceedings of the International Conference on Intelligent Systems and Machine Learning
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consent forms. The forms are stored in the database securely and can only be accessed
by authenticated patients. This implementation showed that the digital uploading
process significantly reduced the time spent on paperwork and eliminated errors that
come with paperwork. With this system, only authenticated doctors could create or edit
consent forms and therefore, data was consistent.

WELFARE

Begister a3 Donar

Doing Nothing is Not Af
Option of\Qur Life ! /

ISBN: 978-93-5810-224-6

Figure. 2. Implementation of the Doctor Module

B. Implementation of the Donor Authentication and OTP Verification

Module

The donor module primarily deals with identity verification before signing consent.
The donor is required to log in using registered credentials and OTP verification before
accessing the consent form. OTP's are dynamically generated and sent to the registered
contact details of the patient. The OTP verification process was successful and ensured
that consent was given by only the authorized user. This has helped us in preventing
identity impersonation and unauthorized access, which is a key requirement for
healthcare applications.

WELFARE tome  logn  Regsle o

Figure 3. Implementation of the Donor Authentication

and OTP

Verification Module

[6]
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C. Digital Signature Generation and Verification Results

After the donor verifies his/her identity, the consent form is digitally signed using
a cryptographic digital signature method. The hash value of the document is computed
and encrypted by the private key of the donor and used as the digital signature. The
signed document with the signature is stored in the system. When the
administrator/auditor wants to verify the signature, he/she verifies the digital signature
using the public key and recomputed hash value. Experiments demonstrate that any
changes made to the document after the signing process are immediately detected; thus,

ISBN: 978-93-5810-224-6

[7]

the tamper-resistant and non- repudiation features are provided.

D. Performance Evaluation of the Proposed System

The system performance was evaluated using key parameters such as
authentication success rate, digital signature verification accuracy, response time, and
tamper detection capability. Table 1 summarizes the performance metrics of the

proposed system.

Table 1. Performance Evaluation Metrics

Sl. Parameter Result
No
1 OTP Verification 98%
Accuracy
Digital Signature 0
2 Verification Accuracy 100%
3 Document Tamper Successful
Detection
4 Average Response Time Low
5 Unauthorlzgd Access Effective
Prevention

The results clearly show that the system works well and does what it is supposed to do.
The system performs reliably with the things it is meant to do. This implies that the system
is effective at its work and one can rely on the system to deliver the work. The high
verification accuracy and low response time ensure that the system can be used in a realtime

health situation.

E. Comparison with Traditional Consent Systems

Table Il shows a comparison between the proposed digital consent system and the

traditional consent system.

Proceedings of the International Conference on Intelligent Systems and Machine Learning
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Table 2. Comparison with Existing Consent

Methods
_ o Tamper Processing
Method Security [ Verification | Resistance Time
Paper-Based Low Manual No High
Consent
Basic E- Medium Limited Partial Medium
Consent
Proposed High | Cryptographic Yes Low
System g yprodrap

From the table above, it is clear that the proposed system provides better security, faster
processing, and legal validity compared to the existing system.

F. Audit Trail and Transparency Analysis

All the necessary operations are recorded by the system. These include the uploading
of forms, the checking of OTPs, the signing of documents digitally, as well as the checking
of documents. The analysis of the consent event through the audit logs for the monitoring
of the consent event helped in the tracking of the events. Healthcare professionals trust the
system due to the authentic records provided by the system. These records are necessary
in medico-legal investigations. The Digital Organ Donation E-Consent System is a
complete system that offers protection for the patient's information as well as the e-consent
processing for the donation of organs. The system is trustworthy due to the use of OTP as
well as the digital signature for the present-day healthcare system.

5. Conclusion

The research adopted a Digital Organ Donation E-Consent System that offers a secure
online signature verification system to solve the issues that occur with traditional
paperbased healthcare consent methods. The organ donation process requires strict legal
control since any delays in the consent process, fraudulent creation of documents, or
ambiguous consent definitions can create ethical or legal issues. Therefore, the development
of a digital consent system must be carried out while creating trust with complete
transparency and proof of authenticity. The proposed system will replace the traditional
consent process with a web-based digital system that includes an OTP-based identity
verification system and a cryptographic digital signature system. The system will employ a
digital signature system to ensure the integrity of the data while protecting the authenticity
of the documents. Additionally, the system will ensure that unauthorized parties do not
access the consent documents. Moreover, the system will employ a role-based system to
add security to the system while increasing the accountability of the system’s operations.
The implementation results of the proposed system indicate that the system can be
effectively used to enhance the organ donation consent process by increasing the
performance while boosting the security of the system while reducing the time and rate of
human error. Additionally, the system’s verification mechanism allows the administrator to
authenticate the consent documents with complete trust, creating trust among all the
stakeholders involved in the healthcare industry. Therefore, the system offers a high level
of security and reliability while creating an opportunity for improvement. Moreover, the
system can be improved to include a biometric system for identity verification while

[8] Proceedings of the International Conference on Intelligent Systems and Machine Learning
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creating a blockchain for the storage of the documents. Additionally, the system can be
improved to include the alignment of the legal system while creating the scalability of the
system to be adopted by various healthcare institutions. Therefore, the Digital Organ
Donation E-Consent System offers a safe and legally valid system for the practice of ethical
organ donation while creating an opportunity for the development of the healthcare industry.
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Abstract

Diabetes Mellitus is one of the most common physiological disorders worldwide, and hence,
proper detection of this disorder at an early stage is needed. Traditional methods of detection
include invasive tests, which are expensive, require hospital visits, and also lead to delayed
detection of this disease due to lack of early warning signs. In this study, we present a non-
invasive, machine learning-based approach for predicting diabetes at an early stage. A Random
Forest Classifier model was developed using the PIMA Indians Diabetes Dataset, and additional
lifestyle features like physical activity, stress level, sleep quality, and excessive sweating were
included. Our model was able to achieve an accuracy of 86%, compared to other classifiers. Our
study shows that this model can be extended to detect diabetes at an early stage using accessible
lifestyle features.

Keywords: Diabetes prediction, Random Forest, Machine Learning, Non-invasive
methods.

1. Introduction

Diabetes mellitus is a rapidly increasing physiological disorder mainly influenced by lifestyle
factors such as physical inactivity, unhealthy diet, obesity, and stress, making early detection
crucial [1]. Traditional tests for diabetes primarily rely on Blood-based tests including fasting
plasma glucose, oral glucose tolerance, and HbAlc measurements. While these methods provide
accurate information, they have several limitations: they require constant visits in hospitals and
laboratories, along with high costs that may not be possible for rural and people with low income
very effectively. The common man takes these tests very rarely only after the symptoms have
shown, which makes the situation of get cured less.

Machine learning offers a solution to this challenge by enabling a pattern-based prediction of
diabetes risk using non-invasive parameters such as BMI, height, weight etc. This study develops
an early diabetes prediction model using the Random Forest algorithm
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2. Literature Review

Significant momentum has been seen in the usage of machine learning techniques for the
prediction of diabetes in recent years, leading to the usage of different techniques for prediction
by many researchers.

Mehta (2021) proposed the application of Random Forest classifier for the prediction of diabetes
using clinical features. The study showed that accuracy can be improved using ensemble learning
techniques, and the proposed technique can be considered effective for the prediction of diabetes
[2]. Ali et al. (2022) developed an ensemble learning model for diabetes risk classification using
ensemble classifiers. The study enhanced the stability of the predictions, thus showing the
efficiency of ensemble methods in medical diagnosis [3]. Singh & Patel (2023) studied the
application of various machine learning algorithms, with particular emphasis on ensemble
methods, in predicting diabetes. Their study concluded that ensemble methods showed better
accuracy [4]. Nassiwa et al. (2024) has worked on traditional machine learning models [5]. A
comparative study was performed by Choudhury and Gupta (2019) for diabetes prediction [6].
Qin et al (2022) proposed machine learning models for the prediction of diabetes using lifestyle-
based data. The results of the study revealed that behavioral features play an important role in
predicting diabetes [7]. Jian et al. (2023) have proposed a model for the prediction of diabetes
based on community follow up data [8]. Sisodia and Sisodia (2018) have worked on differential
classification algorithms which lead to the conclusion that ensemble methods are better compared
to traditional models [9].

3. Proposed Methodology

This study presents a machine learning model for early-stage prediction of diabetes using only
lifestyle features. The methodology included dataset preparation, preprocessing, and a classified
train—test split (75% of the data used for training and 25% for testing)

A Random Forest classifier wash then trained and evaluated using standard performance metrics,
demonstrating an 86% accurate predictive performance. The model was evaluated using
accuracy, precision, recall, and F1-score, along with a confusion matrix.

3.1 Dataset Description

The dataset used in this study is PIMA Indian Diabetes dataset. This dataset is taken from
Kaggle, and the data set consists of 768 samples for the study. Clinical parameters such as insulin
level, glucose concentration, blood pressure, and skin thickness were excluded from the study. A
non-invasive predictive model is the approach used in this study. In this non-invasive approach,
the model uses lifestyle parameters such as body mass index (BMI), gender, physical activity
level, sleep quality, stress level, excess sweat level, and other major symptoms.

3.2 Data Preprocessing

The dataset was preprocessed to prepare the dataset for model training. BMI was computed from
the height and weight of the person. Categorical variables were converted to numerical through
labelling method. A well layered split for training and testing on the dataset was applied with
75% of the data used for training and 25% for testing. To evaluate relationships between the
features the correlation analysis was performed.

3.3 Model Development

A Random Forest classifier with 1000 decision trees was used for prediction. Random Forest was
selected due to its robustness, capability to model nonlinear relationships, and its ability to
minimize overfitting through ensemble learning [10]. This algorithm takes many decision trees'
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guesses and makes one prediction that is stable and good at making new predictions. While
developing the model, the most important factor to be considered is BMI (refer to Figure 1).
Symptoms like excess fatigue or thirst, along with sleep quality and family history, also play a
major role. Height, stress level, and physical activity have a moderate influence, while gender
and excess sweating contribute very little. Overall, the predictions are influenced more by health
and lifestyle factors than by basic demographic details.

Feature Importance

~
e
—
noco s [¢ 1 o) 10
Figure 1

3.4 Performance Evaluation

Feature Correlation Matrix

Figure 2

The performance evaluation is done using two parameters: The Feature Correlation Matrix and
the Confusion Matrix. In Figure 2, we can see that the degree of association between the input
features and the diabetic outcome is very clearly stated. Here, the features like BMI, Fatigue,
Family History, and Thirst are symptoms that have a moderate correlation, and which indicates
their influence on the diabetic risk.

Confusion Matrix

In our study, balanced performance was shown across high risk and low risk classes during the
detailed analysis of confusion matrix [11]. High recall is achieved, thus identifying correctly the
most diabetic patients, which is very important in medical screening. Thus, the model correctly
predicted non-diabetic individuals and maintained good specificity in our work.
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4.3 Performance Analysis
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During classification of total test samples, our proposed model - random forest, showed an
accuracy of 86%. The precision of 0.85 indicates 85% of predictions were correctly identified as
high risk, and the recall of 0.84 shows that 84% of actual diabetic cases were predicted correctly.
In our work we got F1-Score as 0.84 that is 84% indicating a balanced trade-off between correct
and incorrect identifications. So, these results in our study show that our model provides a stable

and reliable performance for non-invasive early detection of diabetes.

Accuracy 86%
Precision 0.85
Recall
(Sensitivity) et
F1-score 0.84

Table 1 Model performance

4.4 Result and Discussion

To study our model’s performance, we compared our model using random forest with other two
machine learning algorithms, such as K-Nearest Neighbors and Logistic Regression. While
comparing, our model achieved the highest accuracy of 86% compared to Logistic Regression
with 78% and K-Nearest Neighbor with 75% respectively. Thus, making these models less

effective for distance-based classification.
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100

Figure 4 Comparison

5. Conclusion

In the proposed model clinical laboratory measurements are excluded, and it mainly focuses on
early-stage screening of diabetes which can be easily implemented in mobile applications or
digital health platforms. Our model predicted 86% accuracy and stable and reliable performance
using a random forest classifier along with precision, recall, and F1Score values. Our study
affirms that non-invasive parameters such as BMI, family history, stress level, sleep quality, and
fatigue symptoms can serve as very good indicators for the preliminary diabetic assessment. This
approach offers a better solution for early detection, where laboratory testing may not be readily
available.
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Abstract

Interview preparation is an important feature for students as well as individuals looking for
jobs, which helps increase their confidence, proficiency in effective communication, as well
as knowledge in the field of interest. Many techniques, such as mentor-based mock interviews,
have been used to enhance the interviewing capabilities of individuals. However, the
techniques have proved to have some limitations, including time constraints as well as the
lack of personalization of the mentors. Coming up with a solution to the identified problems,
this paper introduced a virtual interviewer known as IntervuGo, which incorporates the use
of Artificial Intelligence as well as Natural Language Processing to increase the confidence,
knowledge, as well as the proficiency of the interviewer in the field of interest. The whole
system is based on the use of a modular system, where the frontend of the system will use the
web-based interface while the backend will rely on Python as well as Artificial Intelligence.
The usefulness of the proposed system can be explained by the various results obtained from
the experiment, which indicate the effectiveness of the virtual interviewer in preparing
individuals for the interviewing process.

Keywords: Artificial Intelligence, Natural Language Processing, Speech Recognition,
Text-toSpeech, Mock Interview, Adaptive Question Generation

I. INTRODUCTION

In recent times, success in terms of gaining educational or professional opportunities
depends on the individual interviewee’s ability to perform well in the interview setting.
Whereas different interviewees may have the required skills to do the job in question,
interview success is often determined by different variables like communication skills,
confidence level, and indeed knowledge of the interview setting. In fact, traditional interview
preparedness strategies like face-to-face mock interviews have been limited by different
variables like availability of interviewers. The enhancements that have been made to the field
of Artificial Intelligence (Al) have been utilized to create machines that are efficient in
simulating human interactions with minimal human intervention. It is possible to enable
machines to understand, analyze, and interact with human language using technologies like
Natural Language Processing (NLP) and speech processing. Recently, the opportunities that
these technologies have created are being utilized in various learning environments to enable
machine-learned interactions aimed at offering personalized learning opportunities. While
there are Al-based tools that help interview preparation, many of these tools use
predetermined questions and may not be able to respond correctly based on the responses
provided by the candidate or may not provide appropriate questions that may be asked in the
interview scenario.

Moreover, the lack of incorporation of speech-based interaction in the present tools is
acting as a barrier since live interviews involve speech-based interaction rather than text-
based interaction alone. Moreover, the lack of integration of voice interaction in current
platforms hinders realism because real life interviews include voice interaction, not just text-
based conversation. To address these issues, this paper proposes a new virtual interview
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platform called IntervuGo, which uses Al technology to provide adaptive and interactive
virtual mock interview sessions. The platform performs interviews based on the user’s chosen
role and type of interview by producing context-aware questions and

evaluating responses in real-time. By integrating NLP technology with speech recognition and
text-
to-speech engines, IntervuGo allows text and voice interactions, hence providing a more

realistic interview experience. The interview process dynamically changes according to
candidate responses,

hence providing a personalized and interesting experience.
The major contributions of this research are:

. Development of an Al-based system to conduct virtual interviews, which can
function independently without any human involvement.

. Implementation of role-specific and adaptive question generation with the use of
NLP.

. Integration of speech recognition and text-to-speech modules to support voice-based
interviews.

. Development of a modular architecture that allows for continuous practice as well as
improvement.

. Offering a realistic interview simulation environment to build confidence,

communication, and technical readiness.

The rest of the paper is organized as follows: Section Il overviews the existing literature
regarding the use of Al-based interview preparation tools, whereas in Section Il1, the system
architecture along with the methodology used in the IntervuGo system is discussed. Finally,
the implementation results are discussed in Section IV, whereas in Section V, the whole paper
has been concluded along with the future possible directions of the study.

Il. LITERATURE REVIEW

Various works on the use of Al-based virtual interview preparation platforms have
emerged within the years. Some of the latest works have been discussed within the following
section. For the purpose of meeting the need of the hour on personalized mock interviews,
the authors of [6] presented an Albased chatbot system that can generate role-based questions
by utilizing predefined templates. A scoring module was also implemented as part of the
system to rate the answers provided by the candidate. The results of the experiment indicated
an increase in user engagement, although the system was restricted to text-based platforms
and could not adapt dynamically to the response of the user. In reference to the application of
Natural Language Processing (NLP) in the automatic generation of interview questions by an
intelligent system, [7] worked on an approach where keyword extraction and semantic
similarity analysis were leveraged to generate interview questions. This was done by
analyzing candidate responses using a rule-based scoring approach. Although the approach
worked effectively towards the generation of relevant interview questions, the absence of
adaptive queries in the system was a hindrance. Advances in the development of adaptive
virtual interviews were presented by [8].

In the work by [8], a reinforcement learning framework was introduced with the
intention of creating adapting interview flows where a model could learn from interview
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[18]

scripts. The aim was to formulate a model that could generate interview questions as done by
humans. From the experiments conducted on the approach, it was evident that it could have
a significant impact on boosting the confidence levels of the users. However, the approach
needed a large amount of training data. A virtual interview approach where speech
recognition techniques were used was proposed by [9]. This was done by considering a long
short-term memory (LSTM) network for assessing candidate responses. The results showed
that candidates considered the process much more realistic and interactive than the textbased
interfaces; the generation of questions was, nevertheless, restricted to a predefined database
of scenarios. [10] presented a combined strategy using NLP-based scoring and machine
learning classifiers for performance prediction. Through an aggregation strategy, the system
achieved higher accuracy in answer evaluation and feedback. The work discussed the
advantages of ensemble architecture for performance prediction but did not deal with the
problem of dynamic role-based adaptation of the interview. [11] explored using transformer-
based models with pretraining, such as BERT and GPT-2, for context-aware interview
question generation and responses. Their experiments showed that transformer models could
generate highly relevant and coherent questions while understanding nuanced candidate
answers, but they also faced challenges in terms of computational complexity and inference
time.

In real-time deployment, [12] presented a modular virtual interviewing system where
the generation of questions was different from adaptive follow-up and performance
evaluation. The presented architecture consisted of Python backend services integrated into a
web frontend. Experimental results indicated that the modular architecture easily integrated
new roles or interview types, making modifications versatile and user-friendly. Improvement
of the realism of virtual interviews was implemented for the first time by [13] by incorporating
emotion recognition into conversational context tracking. The provided speech pattern, tone,
and sensed user sentiment served as bases for dynamic adoption of questions and feedback.
The presented results confirmed that this is a good way to increase engagement and further
provide more realism in assessing soft skills. Nevertheless, the approach requires complex
preprocessing and high-quality audio input. A hybrid virtual interview system that merges
text and voice interactions with NLP-driven adaptive follow-up questions was presented in
[14]. The performed experiments attested that adaptive, multimodal interviewing improves
preparedness and candidate confidence. Moreover, the study emphasized the significance of
role-specific training data, which has a substantial impact on the accuracy and appropriateness
of the Al-generated questions. A recent introduction by [15] developed an Al-supported
virtual interviewer tool named IntervuGo, which integrates NLP technology, speech
recognition technology, text-to-speech technology, and adaptive question generation
technology for candidate interaction. It facilitates interactive mock interviews for several job
positions, which adapt according to the interaction with the candidate. Preliminary results
disclose the potential of these tools for candidate engagement, conducting adaptive virtual
interviews, performance evaluation, etc., which reflects the potential of integrating Al with
adaptive technology and speech technology. All these studies together reflect the evolution
of virtual interviewer technology from static, text-supported tools to various Alsupported
tools such as voice-supported and context-aware virtual interviewer tools, resulting from the
integration of NLP, speech technology, and adaptive technology.

1. METHODOLOGY

The proposed system, named "IntervuGo," will be developed using the Artificial
Intelligence (Al) technology approach for developing a "Virtual Interview" system by
implementing the Natural Language Processing (NLP) technology and speech technology.
Likewise, the methodology adopted for developing the proposed system is the "Structured
Development Life Cycle,” which includes the following steps: requirement analysis, system
design, developing the modules, Al implementation, testing, and lastly, deployment.
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The first phase was to identify the limitations of classical interview preparation
techniques like face-to-face mock interviews and mentorship. These methods are usually
restricted by factors like time limitations and mentor availability.

On the basis of the user's needs and the existing Al-driven systems developed in the
literature [1], [2], the following functional requirements were identified:

1. Event of role-specific interview

Support for technical and HR interview modes
Real-time

Adaptive Follow-Up

Speech-to-Text (STT)

User-friendly web

The system was intended to provide a repeatable, scalable, and personalized interview
preparation solution without the need for human intervention.

IS e

B. System Architecture Design

The IntervuGo system employs a client-server architecture with a modular design pattern,
similar to that of RESTful systems [8]. The IntervuGo system architecture consists of three
tiers:

1. Frontend Tier - Designed using HTML, CSS, and JavaScript for user interaction.
2. Backend Tier - Designed using Python since APIs must be processed.

3. Al Processing Tier - This involves NLP-based query formulation, response assessment,
and dynamic interaction.

The three-tier design provides modularity, scalability, and ease of maintenance.

IntervuGo: Al-Powered Virtual Interviewer System

Fig 1.1 Architecture of IntervuGo — Al Powered Virtual Interviewer System

C. Question Generation Mechanism

The question generation module utilizes various techniques of NLP as discussed in [2]
for the generation of context-aware and role-specific interview questions, which include:

. Accepting user-selected role and interview type
. Processing contextual input
. Generating structured interview questions
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. Maintaining conversational history
The system adapts the difficulty of the questions based on the performance.
D. Response Evaluation And Adaptive Logic

Further, user responses are processed using NLP-based processing techniques for semantics,
keywords, and evaluation of extracted keywords [2], [3].

The evaluation process comprises:

. Relevance assessment

. Completeness of response
. Context retention

. Logical coherence

From this assessment, it is evident that the system is able to provide intelligent follow-up
questions, making it a simulation of a real interviewer.

E. Speech Processing Integration

To make the experience more realistic, the system incorporates speech technology.
"Speech to Text" allows the user's spoken words to be converted to text. "Text to Speech”
provides the Al with the capability to make voice

The implementation process follows the guidelines set by speech recognition systems [5]
and standards set by Web Speech API [7], making the interview experience a hands-free one.

F. Testing and Validation
System testing with varied conditions involved:

. Available roles

. Technical and HR interview formats
. Voice and text-based interactions

. Partial and Ambiguous Responses

The measures of response time, relevance of questions, and system stability were used to test
their robustness.

IV. IMPLEMENTATION

The details of implementing IntervuGo revolve around the integration of Artificial
Intelligence, Natural Language Processing, Speech Technologies, and web development
frameworks in the design of an efficient and dynamic virtual interview system. The system
has been designed with a three-tier architecture that includes the Presentation Layer or
Frontend, Application Layer or Backend, and Al Processing Layer. The design is flexible,
secure, and efficient.

The presentation layer has been designed using HTML, CSS, and JavaScript programming
languages, and hence it provides a highly interactive and user-friendly interface for the users.
The interface has been designed to provide a realistic experience of a live interview session,
where the user can select the preferred job role and type of interview, which can be technical
or HR-related. Additionally, the system will display questions in a real-time manner, which
will be provided by the Al model, and the users will be given the opportunity to respond either
by text or voice chat. This has been achieved by using JavaScript, which has been employed
for dynamic rendering of content, handling user interactions, and exchanging data by using
RESTful communication protocols. The application layer, developed using Python, acts as
the central processing unit. It works as an interface between the frontend and the Al service.
After the user has submitted his response, the backend verifies the information, processes the
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request, and sends it to the Al service. The response is then processed, formatted, and sent
back to the frontend. This method ensures that the application, API, or token keys are safely
stored on the serverside, which is not part of the client scope.

One of the unique features of the backend system is the management of conversational
context. In order to efficiently simulate an interview-like scenario, the system has access to
the chosen job role, interview mode, questions already answered, and user replies. This
effectively provides the user with logical follow-up questions instead of isolated questions.
This encourages a more real interview-like experience. The processing part works in
compliance with the NLP solutions, generating role-oriented questions for an interview with
the users. The approach incorporated in the problem is structured prompt engineering, which
allows the inkdrop model to keep the tone appropriate and remain professional in response.
The system will evaluate the depth and relevance of the answer provided by the candidate for
the role, where questions may also be raised depending on the semantic analysis of the
provided answer, taking the level either high or moving on to a new question altogether, as
done in real-time professionalism.

Enhancement of realism and communication skills was achieved by including speech
technology. The Speech to Text (STT) module was used to record answers and later generate
a text output, which is later used by the backend like any other input. The Text to Speech
(TTS) module is used to give voice to the questions generated by the Al, allowing users to
simulate a voice-based interview environment. Using these speech technologies, an
immersive experience is created. It also provides a structured data management system to
store user profiles, interview sessions, and response logs. This will allow the users to analyze
their past attempts and monitor the progress of improvement over time. Data handling
processes will be carried out simultaneously with appropriate validation and privacy concerns
for secure storage and controlled access.

It provided security at every point of the implementation process. The API keys have
been stored securely using environment variables. This ensures at the backend level that no
invalid or malicious input can bypass the security. The communication between the frontend
and backend is organized and managed, minimizing the chances of unauthorized access or
exposure of data. Optimizations for performance, which ensure that no delay in response is
significant, have been implemented. For example, handling requests asynchronously, creating
question prompts, and developing frontend components ensure that there is rapid response
from the system. The modular design also supports any future extensions, such as resume-
supported guestion generation, multilingual support systems, and cloudbased analytics.

In summary, the implementation of IntervuGo highlights the potential of combining Al,
NLP, and web development to develop a smart, flexible, and scalable virtual interview system
for better interview preparation through simulations.

V. CONCLUSIONS

In conclusion, therefore, the project, namely, IntervuGo, offers a virtual interview system
that aims to help in a better interview preparation experience using Artificial Intelligence. By
integrating Artificial Intelligence, Natural Language Processing, and Speech technologies
into a modular yet simple Web architecture, the virtual interview system formulates questions
relevant and appropriate for the desired position, tracks the responses of the candidates with
instant analysis and provides context-based questions based on the answers, creating a real-
life interview experience. Moreover, the application of Speech-to-Text and Text-to-Speech
technologies also provides additional support in a judgment-free platform, assisting in the
development of knowledge and communication skills. Therefore, the project thoroughly
illustrates how virtual interviews, based on Al technology, can be applied for career readiness
in a more effective and helpful way..
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VI. FUTURE SCOPE

Although the proposed system is able to perform efficient interview simulation and
adaptive questioning, the system is currently reliant on fixed logic and simple mechanisms
for contextual evaluation. Future enhancements can be achieved by the integration of more
advanced language models to improve the level of conversation, contextual understanding,
and accuracy of evaluation of responses.

Future enhancements may also include the following:

. Evaluation of emotion and sentiment analysis for confidence and communication
skills
. Enhancement of multilingual support
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Abstraci— Diswributed Denial of Service (DDoS) attacks
are a hig threat to modern networks, especially in multiclass
environments where it's important to be able to tell what kind
of attack it is. Results based on machine learning Inirusion
Detection Systems (IDS) have great resulis, but when dealing
with high-dimensional network traffic data, they ofienhecome
more complicated to compute, fit too well, and performworse
in real time[1]. As a result, finding the right balance hebareen
detection accuracy and feature reduction is still a hig problem.

This study focus on a multi-ohjective op timization framework
for multiclass DDo§ detection utilizing the Non-dominated
Sorting Genetic Algorithm II (NSGA-IT) [5]. The model
simultaneously optimizes two conflicting objectives:
improving accuracy and decreasing the features to he
selected[6]. The selected features are evaluated using a
supervised classification model to distinguish between no rmal
twaffic and multiple DDoS attack categories[2][3].

In this work the experimental results show that the
sugoested MNSGA-Il-hased method reduce the number of
features while enhancing classification performance. The
improved model makes it easier to find attacks, uses less
computing power, and works hetter in generalizing attacks
across multiple classes. The results show that multi-objective
evolutibnary op timization is a better way for DDoS detection
systems capahle of,

Genetic

Keywords— DDoS, NSGAIIL

Intrusion Detection System

Algorithm,

L INTRODUCTION

The growth of digital services and cloud-based
infrastructures has made m odem networks more likely to be
attacked by Distributed Denial of Service (DD o3) attacks.
These attacks are the greatest threat which make services
unavailable by overloading network recourses. Traditi onal
rule-based detection systems usually can't handle the
complexity. So researchers switched to machine leaming-
based Intrusion Detection Systems (ID'3) for which is more
accurate.

By using Machine learning methods accurate DDoZ
patterns can find in network traffic data, but the fact that
thiz datahas alot of dimensions makes things more harder.
“Huge feature sets make computations more complicated,
and can have ovetfitting, which reduce to recognize the
original[4]. Wet all features help to clasaify of attacks so
choosing the features is an important step . Balance
between classificaton accuracy and feature reduction is
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research problem, especially if we need to detect multiple
types  of DDo3  attacks™[6]

To solve this problem, this paper introduces a multiobiective
optimizati on methodology using the Nondorminated Sorting
Genetic Algorithm IT (MNSGA-II) for feature selection in
multiclass DDo 3 detection. The suggested framework finds
the solutions by mamimizing accuracy and minimizing the
features at the same time [2] Thiz improves detection speed,
lowers the amount of computing power needed, and
improves generalization performance across different types
of attacks by combining N3GA-IT with a supervised
claszsification model.

I RELATED WORK

To detect Distnbuted Demal of Service (DDo3) attacks
traditional methods use sighature-based and rulebased
intrusion detection systems. These methods give a better
output to known attack patterns, but they usually miss new
and changing attack variations. To overcome the constraints,
used machine learning-based Intrusion Detection Systems
(1D, which can identify patterns from network traffic and
categonize them. Supervised learning models such as
Decision Trees, Support Vector Machines (SVM), Fandom
Forest, and MNeural Networks gave better results in
identifying DD o2 attacks from the datasets[3].

Feature selection is the most impottant part in Intrusion
detection  system. High-dimensional datasets make
computing more expensive, take longerto train, and raise the
danger of overfiting, all of which can lower detection
accuracy in real time. The literature has examined numerous
feature selection techniques, that includes filterbased
methods like Information Gain and Chi-square, wrapper-
based approaches utilizing search algorithms, and
embedding methods that are incorporated with classifiers.
Tseing these methods data became less complex and help to
mantain more accuracy in classification and reduce the
feature. 4][5].

In cybersecurity |, evolutionary algotithms iz an efficient
optimization tools for feature selection. Best feature subsets
can be selected using Genetic Algorithms (GA), Particle
Swarm Optimizaion (P30, Ant Colony Optimization
(ACO), and Differential Ewelution [6]. Compared to
traditional methods, these approaches have flexibility and
adaptability. Current research approaches takes feature
selection as a single-objective optimization problem, and
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focusing on tazimizing the accuracy for classification
while ignoring the importance of minimization of features.

Wulti-objective optimization techniques, 15 introduced to
overcome the limitations. The Non-deminated Sorting
Genetic  Algorithm  IT MEGA-TI) was Pareto-optimal
solutions . while keeping the diversity selution. This have a
balanced trade-off between performance and complexity, in
engineering optimization, data mining, and feature selection
problemms [7]. Because of its ability to maximize both feature
reduction and detection accuracy thisis ideal for managing
high-dimensional network traffic datasets .

Most of the method focus on asingle performan ce metric
and binary attack detection. Computationally efficient ID3
model 15 developed by filling the gap which iz 1dentified
through literature review . N3GATTizusedas a

multiebjective feature selection mechanistn to balance
the classification accuracy and feature reduction in
Multiclass DD oZ detection.

The proposed frameweork ams te improve model
generalization across various attack categories, which
reduces computational costs, and attack detection 1s
improved by combining evolutionary optimization algonthm
with supervised learning [10]. This method is helpful for
developing intelligent and scalable intrusion detection
systems for modern network infrastructures..

L PROPOZED WORK

In this work by using the Non-deminated Sorting Genetic
Agorithm IT (NSGA-ID),  multiclass DDoZ  detection
combines with feature selection for accurate multiobjective
optimization framework 15 achieved . The primary objective
of the proposed work is to achieve a good balance between
feature reduction and classification detection accuracy.[11]
[12] Most featured subset 15 selected which determines the
maostideal subset of features from the traffic dataset but this
iz notin the case of traditional I3 techniques.

The work begins with preprocessing the dataset , which
includes datacleaning, normalization, and labeling of several
attack classes. In this process initial feature set 13 extracted
andencoded azchromosome. A feature subsetis represented
by each chromosome, and itz fitness will be evaluated using
two goals: reducing the selected features and mazimizing
classification accuracy. By using Paretobased ranking and
crowding distance methods, W3GA-T iteratively creates
better feature subsets with evolutionary operators including
selection, crossover, and mutati on.

MSGAIL i generating Pareto-optimal selutions and it
provides various solutions between accuracy  and
ditnenzionality. Best feature subset is chosen from different
solutions and is used to train a supervised classification
model which helps to find several kinds of DD oS attacks.
IMachine Learning algorithm 1z used to classifying regular
traffic and different types of attacks with the help of selected
features This reduce the processing time along with high
accuracy detection rate [ 13][14]. An efficient ID'S is possible
to create which can be used for currently available network
situations in real ime suing this method.

[25]
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The above descnibed frameworlk 15 evaluated through the
performan ce metrics which includes classification accuracy,
precision, recall, and Fl-score, as well as count of features
selected. The result is compared with before and after
optimization to verify how the suggested method works. This
proposed works aim 15 to enhance the detection capability |
decrease the model complexity and a scalable solution wia
combining multi-objective evolutionary optimization with
supervised learning.

IL FEATURE SELECTION USING MN3GA IT

A Imporiarce aof Feature Selection

Most important method 15 feature selection for a better
Intrusion detection system. Since the network traffic dataset
have a huge features |, particularly for multiclass DDo3
detection . Since the dimension of data 15 high it takes a lot
of time for training and 1s more likely to overfit. if so the
detection accuracy will be less. [15] Feature selection helps
to develop more efficient models and | helps to 1dentify the
multiple attacks in real time by getiing rid of unnecessary
and irrelevant fratures.

B, Chromosome Represeniation and Initializafion

For multi-objective feature selection  MNon-dotninated
Sotting Genetic Algorithmn IT (IT3GA-IT) iz used A binary
chrotmosome iz used to represent each can didate solution, to
each gene representing a cettain  aftribute in  the
dataset[16 ] Based on the value it is decided to select or not
and Ifthe valueiz"1," it means that the feature 15 chozen; if
it iz "0 it means that it 12 not chozen. Chromosomes are
selected random and initial population 15 generated which
have different feature subset. 2o come the first step in the
optimization process.

C. Objective Functions for Optimizafion

Mazimizing classification accuracy and minimizing the
nutnber of selected features are the two objectives of N3GA
I Algorithtns. The difference between regular and traffic
attack can be most accurately predicted by choosing the
feature subset using N3GA TI[17][19].

D, Bvelutionary Operations in NSGA-IT

Evolutionary operators like selection, crossover, and
mutation, N3GA-IT 15 used to enhance the population. Mon-
dominated sorting 15 used to order solutions based on Pareto
dominance, which makes sure that both objectives are
optimized in a balanced way [19]. By using the crowding
distance technique diversity among solutions which
prevents premature convergence and helps to search alarge
area dataset To make better feature subsetz in each new
generation 15 generated using these techniques together.

E. Fareto-Opifimal Feaiure Subset Selecfion

The Wultiple non dominated solutions are the results in
pareto front for the optimizati on process[18]. For each
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zolution, it has a balance between the classification
accuracy and the number of features used needed feature
subset 15 selected from this set based on the performance
and efficiency required for the dataset. the dataset chosen
ate then used for multiclass classification training.so it
reduces the processing time.

I EXPERIMENTAL SETUP

In this session it explains about the experimental setup that
1z used for the proposed methodology | N3GA-TTI-based
feature selection framework which iz for detecting DD oS
attacks on multi classes. The methodology consist of
preparing  the dataset preprocessing  the process,
configunng the parameters for N3GA T and how to choose
the evaluation metrics[12].

A Dataset Dascriptfion

The dataset used here iz CIC-DDo=201% dataset which iz
developed by The Canadian Institute for Cybersecurity. It
includes both the normal and multiple types of attacks
which 15 generated from a controlled environment
CICFlowhdeter 15 used in the dataset for flow-based
netwotk traffic features . Different types of attacks likes
TCP-based, TUDF-based, HTTP-based, and wvarious
volumetric and application-layer attacks in this included in
the CIC-DDo3 2019 dataset. So this dataset 15 the most
accurate for evaluvating multiclass intrusion  detection
maodels[14][15][ 1&].

A NSGA I Parameter Seiting

The N3GA-T algonthm was configured to optimize
mwo conflicting objectives:

1. Mazimize classification accuracy

2. Minimize the number of selected features

Parameter Value

Population Size 50

HNumber of Generations 100

Cross Owver Probability n.a

Mutati on Probability 0.02

Chromosome Encoding Binary Representation

1T EESULTS AND DISCUSIION

A. Inthis section it tells about how the proposed NSGATI-
based multi-objective feature selection framework
works with the CIC-DDoS32019 dataszet. the aim 15 to
balance between how accurate is the classification was
and how the feature subset iz reduced in a multiclass
DDo3 detection.

B. Feature Reduction Ferformance

[26]
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The CIC-DDo3 dataset has more than 20 flow-based
features. By  applying the methodology, NSGA-II
optimization, the algorithm created a Pareto front with
several non-dominated feature subsets which shows a
balance between accuracy and dimensionality.

Metrics Value
Accuracy 96.8%
Precision 55.9%
Recall 96.2%
F1 Score 96.0%
Feature Reduction Ratio 58%
Computational Time 1.8 Sec

Table: Evaluation IMetrics

The results show that the proposed framework has a high
classification accuracy of 96 8%, which indicates that it can
easily identify the difference between benign traffic and
various types of DDo S attacks. The precisionis 95.9% which
represent the model has a low false-positive rate. The recall
value of 96 2% indicates that the most attacks are accurately
recognized, that 15 less false negatives. The balanced F1-
scoreis 96.0% itindicates the methodology 15 working well
for all the classes for the classification algorithms.

The results from the experiments confinm that M3GA-TT is
effectively reconciles two opposing objectives: optimizing
accuracy detection  and reducing the number of selected
features. Single-objective feature selection methods
prictitize  accuracy than computational efficiency, the
proposed multichiective appreach  ensures an optimal
balance between performance and complexity By applying
the methodology the selected featnre subset iz encugh to
discriminate the attacks in CIC-DDOS dataset. By applying
the proposed methodology 58% feature subset is reduced
with high accuracy and leow computational time Seo,
cotmbining NSGA-IT with supervised learning is a reliable
and effective way to find muolticlass DDoS attacks.

III. CONCLUSION

This research intreduced a multi-objective optimization
framewotk for multiclass DDo3  detection with the
Wondominated Sorting Genetic Algorithm I (NEGA-ID),
aimed at achieving a balance between classification
accuracy and feature reduction[8] The suggested method
solved the problems that come with high-dimensional
network traffic data by selecting the most important feature
subgets . By combining the N3GA-TI with a supervised
classification
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algerithm the proposed methodhelps to findboth benign and
nunersus types of DD o2 attacks |

[n work shows that N3G A-ITiz a better way to optimize the
scalable and accurate multiclass DD o3 detection systems
The ability to generate Pareto-optim al feature subsets proved
away to choose solutions based on the needs of the system.
The proposed framework can be enhanced in future by
integrating deep learning classifiers, realtime traffic
analysis, and hybrid ophmization strategies to elevate

detection accuracy and adaptability in real-world
networks[18].
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Abstract

Academic and career decision-making has become increasingly complex due to the expansion
of educational pathways and rapidly evolving industry requirements. In addition to this,
traditional academic counseling has limitations due to accessibility and personalization. In this
paper, it has been proposed to develop a system based on artificial intelligence technology to
provide academic and career counseling to students. In this respect, a conversational Al interface
and a machine learning module will be integrated to provide academic and career counseling to
students. In this case, the machine learning component will help in the analysis of the students’
background, interests, and academic and career aspirations to offer them recommendations.
Moreover, with the use of historical data and user experience, the recommendations from this
component will be updated depending on the students’ profiles. Additionally, based on this
proposed model, support for academic and career decision-making, as well as student
engagement, has been observed to improve. Moreover, this proposed model ensures the use of
conversational Al and machine learning as tools to offer academic and career counseling support.

Keywords— Atrtificial Intelligence, Machine Learning, Conversational Al, Academic and
Career Counseling, Personalized Recommendations

l.Introduction

The development of digital technologies and the use of Artificial Intelligence (Al) have
significantly affected the education sector. The modern education environment is increasingly
shaped by factors such as the diversity of students, the flexibility of the curriculum, and the
dynamics of careers. In the modern education environment, which is dynamic and constantly
evolving, the need to support students in making decisions on different aspects of education is a
key phenomenon that requires constant attention. The current academic support system that
enables human teachers to play an important role has provided several limitations that have been
apparent, especially in large student populations [1],[3].

Moreover, academic support is identified as one of the most important functions for improving
student retention, academic performance, and learning satisfaction [3]. Personalized support helps
students to recognize their strengths and weaknesses, align academic choices with career goals,
and make use of authentic learning resources at the right time [3]. However, despite its
significance, the task of individualized academic advising for all students is a very difficult
process due to time and resource constraints. Consequently, students are provided with
generalized academic advising, which, in turn, may adversely affect their academic growth [1].

Recent developments in Al technology, especially in the area of Natural Language Processing
and Conversational Systems, have opened up promising ways to satisfy the need for intelligent
and efficient academic support services. The ‘Conversational Al Systems,” commonly referred to
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as ‘Chatbots,” possess the special capability to understand the conversation of the users and react
accordingly.

Conversational Al systems have the potential to operate 24/7 and can provide instant academic
assistance without the requirement of human intervention at all times. Apart from the academic
performance of individual learners, their interests may vary, and such academic assistance
services have the potential to contribute significantly in this aspect. Academic assistance services
can be provided to the learners based on the interests of the learners, which is a significant aspect
in the present era. In terms of applications, Al-based conversational systems have great potential
in the field of education in applications such as automatic tutoring, learning aids, and
administrative assistants, among others [8], [10]. Interestingly, studies have suggested that young
individuals have a positive mindset in adapting Al chatbots to enhance learning effectiveness and
engagement in a higher academic environment [5]. However, Al conversational systems for
academic advising as an emerging area of study is an understudied field that needs to be
investigated further as an effective academic guidance system not only requires accuracy in
recommendation but also covers issues such as fairness, bias, transparency, and sustainability in
engagement.

This paper proposes an Al-based conversational model for the purpose of providing
personalized academic guidance. This Al-based conversational system aims at providing
academic guidance to the students during their academic path. It interacts with the learners
through a natural language dialogue, analyzes the relevant academic and personal factors, and
provides learners with personalized academic guidance in the domain of academic and career
growth. This Al-based system for academic guidance utilizes the capabilities of the Al-driven
conversational model for the improvement of the academic guidance process based on recent
technological advancements in Al-empowered educational support systems [4], [6]. The rest of
the paper is structured in the following sections: Related works in Al-driven educational support
systems are presented in Section Il, the methodology is elaborated in Section IlI, the
implementation and results are discussed in Section IV, and the conclusion is presented in Section
V.

Il. Literature Review

In the past decade, however, Artificial Intelligence (Al) technology advancements have had a
considerable effect on the education domain, resulting in the development of intelligent systems
for assisting, learning, and decision-making for academic purposes. In this context, Al-driven
conversational systems have been recognized for their ability to offer support to students. In this
section, a discussion on recent and relevant studies regarding Al-driven conversational systems,
academic advising systems for higher education, and personalized guidance for students is
provided.

To cope with the challenges associated with conventional academic advising, Assayed et al.
[1] proposed a systematic review; the paper dealt particularly with conversational Al chatbots
used in academic advising. The authors' contributions included a discussion on different
architectures, interaction techniques, as well as deployment strategies of different chatbots in
learning centers. According to the authors, conversational agents have the potential to
significantly alleviate human academic advisors of their responsibilities while providing
immediate answers to student inquiries. They also mentioned some drawbacks, including shallow
personalization, long-term student modeling, as well as ethical concerns, while emphasizing the
need for developing more intelligent conversational academic advising systems.

A systematic literature review by Labadze et al. [2] assesses the applications and role of Al
chatbots, taking into consideration its application in learning settings. The systematic literature
review included different aspects of Al chatbots, including tutoring, learning support, and student
services.

[29] Proceedings of the International Conference on Intelligent Systems and Machine Learning



Emerging Applications of Intelligent Systems and Machine Learning ISBN: 978-93-5810-224-6

The literature review suggested how Al chatbots can improve student engagement, allowing
better accessibility, mainly in an online environment. However, despite the positive attributes of
Al chatbots, it is evident from the literature that most Al chatbots function based on predetermined
rules or by identifying limited intents.

The role that Al has to play in reshaping academic advising was further investigated by Albinali
et al. [3] in their systematic literature review research. The research was centered on intelligent
systems geared toward providing academic advising to students. The research revealed various
aspects, including that Al technology has great potential in enhancing accuracy in decisions as
well as increasing student satisfaction, though most systems lack real-time adaptability as well as
integration with student performance information. The research revealed a major research gap
concerning personalized conversational systems.

Yusuf et al. [4] have presented a conceptual framework concerning the use of pedagogical Al-
based conversational agents in higher education. Additionally, the publication presented a
comprehensive survey on the use of existing conversational agents. The publication underlined
the importance of aligning the use of conversational agents with pedagogical purposes and
learners' understanding in order to enhance the effectiveness of the learning process. The use of
conversational agents is common in the learning process to respond to queries; however, only a
few agents offer the provision of academic guidance.

Furthermore, student perception and acceptance of Al chatbots have been extensively
researched. The study carried out in [5] focused on the mindset of the students in accepting the
effectiveness of Al chatbots in facilitating the effectiveness of online learning in higher learning
institutions. According to the study, the overall attitude of the student population indicates that
they will accept chatbot-based technology as long as they receive accurate, timely, and
understandable feedback from these tools.

The nature of the interaction between the students and the educational chatbots was explored
by Verleger and Pembridge [6] through a systematic review of the studies on the chatbot
interaction process. The study by the authors was useful in understanding the serious role that the
nature of the interaction process plays in the students’ satisfaction levels with the educational
chatbots. As evident from the study conducted by Verleger and Pembridge, the nature of the
interaction process to a large extent impacts the trust levels of the student on the educational
chatbots.

Ethical factors such as bias and fairness in Al-assisted systems are extremely significant. A
study on the use of a bias-aware Al chatbot for engineering advising at the University of Maryland
is noted in [7]. The study highlights the significance of the inclusion of fairness-aware
mechanisms in conversing systems. The case findings showcased the need to focus on the ethics
of Al in coming up with systems to assist with student advising, considering the effect it may
have on students’ decisions on their future.

The recent advances in the capabilities of generative Al and large language models (LLMSs)
are further extending the capabilities of conversational systems in learning and education. A study
by Elnaffar et al. [8] presents a systematic review on the effectiveness and application of Al
chatbots, generative models, and tutoring systems in programming education. According to this
study, the potential effectiveness of conversational Al in improving learning and student
engagement was revealed, along with the important consideration that the systems must be
properly designed to avoid misinformation.

Apart from that, the practical applications of conversational Al in higher learning have been
seen in the context of the recent study. For instance, Koutsiaki et al., in their study conducted on
the practical application of conversational Al in a higher learning institution setting, introduced a
retrieval-based generation chatbot that was aimed to be used in a higher learning setting among
Greek-speaking endusers. The practical application of conversational Al was beneficial in the
enhanced information access provided to learners. Although the study on the practical application
of conversational Al was promising in providing information to Greek-speaking learners in a
higher learning setting, there were certain shortcomings observed from the study in providing
learners with a whole range of academia information. Recent advancements in generative Al
models and large language models have greatly enhanced the practical applications of
conversational Al in the education sector. Within the recent advancements in the sector, a study
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on the practical application of Al chatbots, generative models, and tutoring tools in the education
sector for programming was conducted by Elnaffar et al. [8]. The study concluded that the
incorporation of conversational Al in a higher learning institution setting can be beneficial in
enhancing learning outcomes.

Recent research has also highlighted several other applications of conversational Al in the
context of higher education. Koutsiaki et al. [9] suggested a case study on the application of an
RAG-based conversational Al system in Greek language higher education. The proposed system
improved the availability of information and thus increased student engagement through the
application of conversational Al to institutional knowledge bases. The study did, however,
suggest that the proposed approach, while extremely effective in the context of informational
queries, has not yet reached the level of holistic, personalized academic counseling for very
diverse student profiles.

Abedi et al. [10] explored the possibilities of large language model-based conversational Al
systems in graduate engineering programs. The study highlighted the ability of the LLM-based
conversational Al system to address complex academic queries, provide personalized feedback,
and facilitate advanced learning tasks. The authors suggested that while the proposed systems
have immense possibilities, the application of these systems to structured academic counseling
would require a deliberate convergence of academic rules, student information, and ethical
considerations.

From the literature reviewed, it is evident that the conversational Al technology has been
proven to possess immense potential for the improvement of academic support services. However,
based on the studies conducted on this topic, there exist certain limitations in terms of
personalization, adaptability, ethical transparency, and academic guidance. These limitations led
to the development of an Al-based conversational technology for the provision of personalized
academic guidance, as discussed in this study, which aims to integrate conversational intelligence,
student modeling, and ethical Al for efficient academic advisory support.

Methodology

The prime objective of the current research is to create a methodology for developing Al-based
conversational systems for providing academic guidance services to students in higher education.
In this context, some researchers and studies pointed out that academic advising services can be
efficiently supported by conversational Al systems with the potential for scalability and
accessibility along with reduced human dependency [1], [3]. The proposed methodology for the
development targets academic advisory services by utilizing conversational intelligence along
with profiling and recommendation capabilities.

A. Proposed Methodology

Fig. 1 illustrates the schematic representation of the proposed Al-based conversational system
for personalized academic guidance.
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Fig. 1. Architecture of the Al-Based Conversational System for

Personalized Academic Guidance

The proposed methodology is primarily centered on the provision of academic guidance that
is studentcentric through natural language interactions. The students are encouraged to submit
queries related to the selection of different courses, academic development, skill development, or
even career development through natural language interaction systems. Conversational
interaction systems have been widely recognized for the provision of continuous interactive
educational support.

The workflow involved in the system would include query understanding, student profiling,
recommendation generation, along with the delivery of the response. An analogous application
of the architecture has been employed for the design of chatbots for academic guidance, resulting
in added responsiveness and the ability for more personalization [1], [4]

B. Student Data Gathering & Pre-processing

The need for personalized academic counseling implies the necessity for deep knowledge
regarding individual learner characteristics. The proposed system relies on a student profile
repository that maintains academic and contextual information such as academic history, course
performance, interests, learning preferences, and career aspirations.Previous works emphasize
that appropriate student modeling is one of the significant assumptions on which beneficial
academic advice can be offered to students [3], [4].

Student data can be gathered from institutional repositories, questionnaires during the
induction process, and dialogue interactions. Preprocessing methods address the issue of
incompleteness and inconsistencies in academic data. Adaptation and long-term academic support
rely on the continuous update of the student model, which is a drawback in current state-of-the-
art systems [1], [3]

C. Natural Language Processing, Intent Classification

NLP is the key to the conversational intelligence that powers this system. The arriving queries
will go through some basic preprocessing operations such as tokenization, stop-word removal,
and lemmatization. The intent classification methods will then be able to classify the type of
student query, whether it is related to academic counseling, course suggestions, or career
guidance. The use of NLPpowered conversational interfaces has been shown to enhance the
quality of interactions and student engagement in higher education settings [2], [6].The entity
extraction mechanisms are tasked with extracting important academic terms, course names,
academic levels, and domains of interest. Advanced conversational models, including large
language models, can be integrated to support multiturn dialogue and contextual understanding,
as suggested in recent studies on pedagogical Al systems [4], [8], [10].

D. Customized Recommendation and Decision Engine

Once the student's intention and relevant entities are identified, the system provides customized
academic guidance by leveraging a recommendation and decision engine. This engine combines
rulebased academic constraints with data-driven decision mechanisms to provide accurate and
institutionspecific recommendations. Previous works in literature emphasize that integration of
academic rules with student data will help advise with greater accuracy [1], [3].

The decision engine evaluates multiple academic pathways based on their student performance,
interests, and long-term goals. Ensuring ethical considerations like fairness and mitigation from
bias will keep recommendations fair and will address most of the issues raised in bias-aware
academic advising systems [7].

E. Knowledge Base Integration

The system will include an academic knowledge base that will consist of curriculum
structures, course catalogs, institutional policies, skill sets, and career paths. Knowledge-based
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support is fundamental in ensuring proper academic support that is context-sensitive and
reliable [2], [9].

To make response accuracy better, retrieval-augmented generation methods can be used. These
methods will enable the chat system to obtain verified academic information before responding.
This has already been proven to improve the transparency of conversational Al systems and
reduce misinformation [9], [10].

F. Response Generation and Feedback Mechanism

The response generation module takes the recommendations and provides a response to these
recommendations, which is clearer and easier for students to understand, as well as concise. The
clarity and usability of conversational responses are highly important and crucial for students'
acceptance of an artificial intelligence-based academic guidance system [5], [6].

A feedback system is employed to examine system efficacity and user satisfaction. Feedback
is applied to optimize recommendation strategies and enhance dialogual quality. Continuous
learning and development are identified as critical features for the long-term accomplishment of
Al-aided assisting systems [4], [8].

G. Workflow of the Proposed System

The entire workflow of the proposed system can be defined in the following manner:

»  Student submits a query through the conversational interface.

* NLP module process the input and identifies the intent & entity

»  Student profile and academic knowledge base are accessed

» Personalized academic guidance is produced by recommendation engine
* Response is given in natural language

» Feedback collection for system improvement

The proposed methodology ensures scalability, personalization, and ethical academic guidance
by incorporating conversational Al with student-centric decision-making methods, which
appropriately addresses the limitations presented in the current student academic advising systems

[1]. [3]. [7].

IV. Implementation and Discussion

In this study, multiple experimental evaluations are carried out to assess the efficacy and
effectiveness of the proposed Al-based smart education chatbot system. The proposed system is
evaluated in terms of the accuracy of the responses, the ability to personalize the responses, and
the overall quality of the interaction with the users.

A. System Implementation

The proposed smart education bot system is implemented in the form of a prototype system
that uses chatbots to help a student with academic-related guidance. The components of the system
include a user interface module, natural language processing module, recommendation system,
and knowledge base.

The student queries handled by the chatbot involve natural language processing tasks such as
tokenization, intention identification, and entity extraction. After the intention has been
determined, the relevant academic details are obtained from the knowledge base, while the
personalized recommendations are generated electronically by the formation of rules based on
academics and students. It can have multiple-turn conversations for clarity.
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B. Query Processing and Response Generation Results

The chatbot system was tested using a set of sample academic queries related to course
selection, academic plans, skill acquisition, and career guidance. The chatbot was successful in
understanding most user queries and responding accordingly.

The results revealed that the system was effective in providing precise academic advice on
student common queries. In addition, the query relating to course prerequisites and planning
received fast and precise replies, as opposed to the general academic advisory system. The time
taken by the system to generate the response was minimum.

C. Performance Evaluation

The performance evaluation of the proposed system is carried out through various qualitative
parameters. It has been noted that the proposed chatbot showed performance for various
categories of queries.

Future work can take advantage of the personal responses based on the students' interests and
educational background. The need for repetitive questions was clearly diminished, and the
structured guidance was highlighted as useful for the academic advising role.

D. Discussion

Based on the experimental result, the proposed smart education bot has shown its potential to
provide personalized and timely educational guidance. In addition, integration with
conversational Al enables more student engagement and facilitates timely resolution of academic
uncertainties.

Nevertheless, the system's performance is greatly influenced by the overall quality of the
academic knowledge base as well as the accuracy of the information provided by the student.
Limited real-world deployment and the dependency on pre-defined intents are major drawbacks.
A possible addition in the future is the development of intelligent learning capabilities along with
voice interaction.

Overall, the proposed system has significant potential for being an intelligent academic
assistance system, which would lead to better support for students and decision-making in
education.

V. Conclusion

The current research introduced an Al-based conversational model with the capability of
delivering accurate personalized academic support to students at the higher educational institution
level by integrating natural language processing and the concept of a recommendation system.
Such a conversational system can help the student in many ways, such as course selection,
planning, skill building, and more, thereby reducing dependency on academic support systems.

The experimental testing of the prototype has shown that the system is capable of
understanding the questions being asked by the students correctly and answering them
accordingly. From the obtained results, it is clear that the proposed approach is helpful in
achieving higher accessibility, scalability, and personalization in academic counseling.
Additionally, the system also emphasizes transparency so that the suggestions made can be easily
comprehended.
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VI. FUTURE SCOPE

Although the proposed system holds promises of new performance, at this stage, the system
is reliant on predetermined intents and academic data structure. The future development of the
system may focus on the inclusion of more intelligent models of language to enhance the level
of conversation and the learning ability of the system.

Other improvements may also include the inclusion of voice interaction, real-time integration
with the academic management system of the institution, and the use of recommendation
systems based on the available data. The issues of fairness, transparency, and data privacy will
also become important for the proper use of the system.
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