Ind. Jr. of Mod. Res. and Rev. PEER-REVIEWED JOURNAL

Volume 3 Issue 6 [Jun] 2025

Indian Journal of
Modern Research and Reviews

This Journal is a member of the ‘Committee on Publication Ethics’
Online ISSN:2584-184X

Indian Journal of

Modern Rescarch
and Reviews

o s o TR s

MIRR

Review Paper

A Smart Assistant Powered by Artificial Intelligence for Adaptive
and Customized Learning in Higher Education

Dr. Rajinder Kumar !, Charanjeet Kaur %, Dr. Vijay Laxmi 3
Associate Professor, Guru Kashi University, Talwandi Sabo, Bathinda, Punjab. India
Assistant Professor, University College Dhilwan, Barnala, Punjab, India
Professor, Guru Kashi University, Talwandi Sabo, Bathinda, Punjab, India

Corresponding Author: * Dr. Rajinder Kumar

DOI: https://doi.org/10.5281/zenodo.15776620

ABSTRACT

A new framework for adaptive and personalized learning in higher education is presented in this
research, which is called AIIA (Artificial intelligence-enabled intelligent assistant). In order to
provide a dynamic and interesting educational platform, the AIIA system makes use of cutting-
edge Al and NLP methods. This platform is designed to make learning easier for learners by
making material readily available, making it easier to test knowledge, and offering individualized
learning support based on each learner's needs and style. One of the many things the AIIA can do
is interpret and answer student questions. It can also make flashcards and quizzes, and provide
individualized learning plans. The research findings could greatly influence how virtual teaching
assistants (VTAs) powered by artificial intelligence (AI) are designed, implemented, and
evaluated in higher education. This, in turn, could lead to the creation of new and improved
educational tools that improve students' engagement, learning outcomes, and overall satisfaction
with their educational experience. Developing Al-enabled intelligent assistants for education
provides methodology, system design, intelligent services, and LMS integration. The study also
discusses the limitations, challenges, and future possibilities for this field.
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1. INTRODUCTION

Rapid technological advances and the shifting needs of a
diverse, globally dispersed student body are upending higher
education (Altbach et al., 2009). Although effective in many
situations, conventional pedagogical approaches often fail to
provide tailored assistance and fast feedback, especially in
disciplines that require considerable text-based learning, critical
thinking, and analytical skills (Means et al., 2009). Students may
struggle to acquire Creativity, Critical Analysis, Society, and
Culture without enough support (Holmes et al., 2019).

Al and NLP might change schooling. Information has been
disseminated in the environmental and health sectors utilizing
NLP and knowledge-generating systems. Virtual teaching
assistants (VTAs) can respond to changing student demands
using Al (Winkler & Séllner, 2018). VTAs improve student
engagement, satisfaction, and academic achievement by
providing personalized help, timely feedback, and customized
learning experiences (Fryer et al., 2017). Al-powered solutions
go beyond text. Advanced deep-learning models have
successfully performed synthetic picture creation, image data
augmentation, and image analysis (Gautam et al.,, 2022;
Demiray, 2021; Li & Demir, 2023).

They help arithmetic, statistics, programming, and visual input.
Al and NLP allow VTAs to remark on code, formulae, and
statistical models. They can also understand and react to
diagrams, charts, pictures, videos, and maps, making them
effective in many educational settings. Web technology is
needed to integrate Large Language Models (LLMs) and
chatbots into current engineering education, which covers many
areas. Web platforms improve students' understanding and usage
of sophisticated models by analyzing difficult engineering
challenges in real time and providing intuitive visualizations
(Ewing et al., 2022; Sit, 2021). According to Ramirez et al.
(2022; 2023), online technologies enable beginning engineers to
utilize programming libraries by providing fast teaching, code
suggestions, and debugging advice. LLMs, chatbots, and digital
platforms have altered education. LLM-powered web-hosted
chatbots may mimic ethical issues, promote reflections, and give
timely feedback to assist young engineers learn technical skills
and professional ethics. Multi-modal data is essential in these
areas; hence, VTAs' capacity to suit students' learning demands
requires additional investigation. VTAs boost learning across all
disciplines, underscoring the need for greater study and
development in this growing subject.

Al has revolutionized higher education by providing
revolutionary technologies to improve teaching and learning. Al-
enabled intelligent assistants for personalized and adaptive
learning are promising advances in this field. Through data
analytics, machine learning, and natural language processing,
these intelligent systems customize instructional content, pace,
and feedback to student needs, preferences, and performance
levels. Traditional "one-size-fits-all" teaching methods typically
fail to accommodate higher education students' different learning
styles and skills. Instead, Al-enabled intelligent assistants
provide real-time support, continuous evaluation, and
customized learning pathways to boost student engagement and

achievement. These systems assess student behavior, predict
learning outcomes, and dynamically alter teaching tactics to
improve information retention and skill development.

Al-driven tailored learning tools are essential for higher
education institutions to increase learning results, student
happiness, and lifetime learning. This study examines the design,
functionality, and impact of Al-enabled intelligent assistants in
facilitating adaptive and personalized learning experiences, as
well as data protection, equity, and educators' changing roles in
Al-supported learning environments.

2. Associated Research

Recently, literature and interest in Al in education have grown.
This section thoroughly reviews higher education and natural
language communication literature on Virtual Teaching
Assistants (VTAs) to identify the knowledge gap that supports
this study. Huang, Saleh, and Liu (2021) critically evaluate
adaptive learning, instructional evaluation, and virtual
classrooms using Al. AI may help school reform and education,
according to this research. According to Essel et al. (2022),
Ghanaian higher education students who employed chatbots as
virtual teaching assistants did better academically than course
lecturers. This research suggests VTAs boost student
achievement. In 2021, Crompton and Song assessed Al's
potential for individualized learning, intelligent tutoring,
cooperation, and automated grading in higher education. It
promotes AI-NLP education. Many recent studies address Al-
enhanced educational systems beyond empirical study. Akgun
and Greenhow (2021) address Al's ethical implications in
education and its possible applications, such as individualized
learning platforms and automated assessment systems.
Educationally, Ewing and Demir (2021) discuss Al-based
engineering decision-making ethics. Neumann et al. (2023)
suggest integrating ChatGPT into software engineering and
scientific writing higher education in big language models.
Pursnani et al. (2023) found that ChatGPT's US foundations of
engineering test (FE test) performance affect environmental
engineering practice. Sajja et al.'s GPT-3-based Al-augmented
intelligent educational assistance framework creates content-
specific intelligent assistants for all subjects and levels. Tack and
Piech (2022) discovered that conversational agents perform well
on conversational uptake but poorly on helpfulness compared to
actual instructors in instructional encounters. ChatGPT may
improve medical student engagement and learning, but further
study is needed to address ethical issues and damage, according
to Lee (2022). Perkins et al. (2022) evaluate students' usage of
Al technologies like ChatGPT in official assessments and
propose altered academic integrity rules for future education.
Finally, Audras et al. (2021) recommend cautious planning and
student support for VTAs in Chinese secondary schools to
reduce teacher effort. Finally, the literature shows that Al-based
VTAs in higher education have positives and cons. VTA design,
implementation, and efficacy research is growing, yet key areas
remain unexplored. They may affect higher education's future,
are scalable and adaptable across numerous learning
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environments, and integrate with Learning Management
Systems.

Al-based solutions that include class recordings and interactions
could improve VTA competence and student learning, but most
research has not. A system that blends individualized guidance
and teacher support for students and instructors has not been
fully studied. Al-based VTAs may cause academic dishonesty,

3. E-Learning Personalization & Adaptive Learning

which the literature has not addressed. Academic integrity and
cheating prevention are important for Al-enabled educational
solutions; however, there is minimal study (Kasneci et al., 2023).
Proposed AIIA connects with LMS, leverages class recordings
and interactions, serves student and teacher needs, and avoids
cheating and academic integrity. Addressing these knowledge
gaps helps higher education implement Al-based instructional
solutions.
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E-Learning Personalization PL has been studied extensively,
much of which has theoretically supported it. PL is important in
modern education and training. It opens fresh views on
stimulating learners and increasing their motivation to learn,
maximizing learning. Thus, PL is an educational strategy that
tailors learning to each learner's requirements. PLSs let students
choose materials and activities that suit their learning style.

The three primary educational theories underlie various PLS
definitions and aspects.
Cognitive psychology studies student information processing,
storage, and retrieval. Creating tools that match cognitive
abilities and learning speeds requires knowledge. Constructivism
says children learn by doing. Customized learning requires
authenticity, problem-solving, and interaction. Connectives, a
digital-age-appropriate theory, states that learning spreads
through networks and depends on network construction and
surfing. In today's information-rich world, students adapt to new
information through PL systems. These ideas provide a solid
framework for building AL environments that accommodate
students' different requirements and learning  styles.
PL in e-learning will analyze long-term retention patterns and
learning curves to take advantage of the student profile. It might
have far-reaching effects. The system may advise students to
ignore all content except that which is important to their goals,
such as assignment and exam techniques. For optimal personal
learning, it may be recommended that student’s study for exams
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by repeating exercises they know they will forget. It will foster
inclusiveness and, more significantly, prevent special education
discrimination.  Individual preferences and  cognitive
characteristics are considered. These notions are theoretical
because  present  systems lack  such  capabilities.
PL has several advantages but also drawbacks. Personalization
in learning can boost motivation by encouraging autonomy,
which engages learners. Too much individualization may repel
learners who benefit from shared learning. When pupils could
benefit from community learning, over-individualization may
interfere. In present complex cultural and social contexts,
adaptive e-learning systems, especially those that integrate
cognitive neuropsychology, must be rigorously assessed to
measure the benefits of personalization against the limitations.

Adaptive Assessment (AA) in E-Learning Assessment is vital in
e-learning, impacted by learner capacities. Due to individual
ability differences, “one-size-fits-all” evaluation techniques are
inadequate for different learners. Large classes with high
student-to-teacher ratios make tailored, one-on-one examinations
difficult. AA approaches are now being studied in e-learning
environments. Adaptive AA systems adapt depending on
difficulty, learner performance, preferences, motivations,
knowledge, and educational objectives. AA's flexibility lets it
handle specific features, unlike standard or specialized tests that
overlook dynamic learning profiles. AA systems evaluate
student learning by understanding responses rather than
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matching them to predetermined answers. Learner models select
exam questions from a large pool based on student skills and
learning style at AA. AL concepts and real-time data are used by
AA to test and improve evaluations. AA customizes exam
material and administration based on a student's performance
and learning needs, just like AL does. Fewer questions above a
student's competence level mean more accurate skill estimations
and faster test development. Real-time analytics underlie AA's
dynamic calibration of test length, question difficulty, and other
factors. AA has shown promise, but its effectiveness and fairness
are still being studied, and its full impact is yet to be seen.
Bayesian mastery models are promising in AA. These models
anticipate a student's competence by assessing the predicted
number of right responses, allowing the system to infer general
student aptitude. Based on item performance, the statistical
technique predicts student terminal test success. All ongoing
objects recycled in AA systems pose security vulnerabilities,
such as students sharing question information. Systems must
provide a practical and theoretical solution to this difficult
problem.

Providing more tailored and effective testing, adapting to varied
learning contexts, ensuring item recycling, and addressing
security concerns are all necessary for AA technologies to be
properly utilized. To assess the efficacy and equity of AA
systems in practice, additional empirical studies are required.

4. METHODOLOGY

This study responds to the rising need for innovative approaches

to higher education that can accommodate a wide range of

student needs while also fostering an atmosphere that is
welcoming, egalitarian, and stimulating for all students.

Improved postsecondary learning experiences and outcomes,

filled learning gaps, and the ability to study continuously

through adaptable educational routes are all goals of the
suggested framework's conversational Al and improved natural
language processing. The AIIA aspires to reach a wide range of
students and educators by being scalable, independent of
disciplines, and seamlessly integrated across institutions. Self-
regulated learning, communication between students and
teachers, collaboration, and access to learning resources are all
areas that AIIA improves upon by integrating cutting-edge Al
technology with sound educational principles. Some of how

VirtualTA helps students and universities and learning resource

access. Student and higher education benefits from VirtualTA

include:

e A Modular and Engaging Educational Environment:
Students can pose questions, seek clarification, and gain
access to pertinent resources instantly.

e Instant Access to Information: Quickly retrieve course
resources for efficient knowledge acquisition.

e 24/7 On-Demand Support: Empowering students to own
their education and promote self-directed learning.

e Consistency and Accuracy: Reliable information reduces
incorrect or conflicting answers.

e Adaptive Learning: Personalizing learning, meeting varied
needs, and improving information retention.

e  Multilingual Support: Enabling students from varied
linguistic backgrounds to participate in and benefit from the
AlIA.

e Expanding Access: Integrating into digital platforms for
global remote learning and quality education.

e  Administrative Task Automation: Freeing educators to lead
conversations and give students customized attention.

e Adaptive self-learning procedures and the provision of
timely, constructive feedback are essential for engaging
students in their learning processes.

e  Continuous assessment and feedback.

e Dealing with the Social and Emotional Facets of Learning:
Equipping the AIIA with social awareness and emotional
intelligence to identify and assist students in processing
their emotions. This research will make a significant impact
on higher education and equip future professionals by
adding to the conversation around artificial intelligence and
natural language processing in the classroom.

5. Challenges and Limitations

While VirtualTA has immense potential, its development
problems and limitations must be acknowledged. We faced
many obstacles throughout VirtualTA's development, which
shaped its implementation. Handling PDF files with unstructured
data proved difficult. Scanned PDFs that relied on optical
character recognition (OCR) for information extraction
presented unique challenges. We will address this in future
system versions, but we did not have optical character
recognition capabilities when writing this post.

Learning management system integration was another issue.
Data format requests on LMS platforms are usually
unstandardized. To extract and process LMS data, we had to find
workarounds. Creating a bespoke LMS library for
interoperability and data retrieval was necessary. Due to API
constraints, integrating Whisper ASR was difficult. The API
limits data size to 25 MB, but many class recordings, including
MP4s, exceed this restriction. In preparation for using the
Whisper API, videos were either compressed or partitioned to
make them smaller.

VirtualTA interaction with existing learning management
systems is another major issue. Educational institutions employ
many LMS platforms with different architectures, APIs, and data
management methods. Data standards, API compatibility, and
security processes are only a few examples of how complexity
and heterogeneity in different systems could impede integration.
It may be challenging to utilize Al-driven technologies such as
VirtualTA in educational infrastructures due to regulations or
limits. Integration generally needs tight engagement with
institutional progress departments, which might delay and hinder
progress. These characteristics identify potential technical and
logistical issues that must be addressed throughout development.
Future research must develop flexible integration solutions that
may fit varied LMS platforms while assuring secure and
efficient data processing.

Another issue was frequent model upgrades and improvements.
We had to refresh APIs and alter the system to use new
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technology when models changed. It took constant work to keep
the VirtualTA system current and aligned with cutting-edge
technology. The iterative nature of system development allows
these concerns to be fixed and the system's capabilities improved
in future versions.

In addition to these technical issues, the VirtualTA system
evaluation has a major drawback. The system's findings are not
quantifiable, making it difficult to determine flashcard, quiz,
chatbot, and other component correctness without classroom
examination. Quantitative analysis is needed to evaluate
outcomes, but classroom implementation is needed to measure
impact and felt benefits.

5. Potential and Future Objectives

The VirtualTA system possesses significant potential for future

enhancement through ongoing research and development efforts.

VirtualTA has the potential to transform artificial intelligence in

higher education, enhance student learning outcomes, and

establish a foundation for next-generation educational
technology by exploring these current and future trajectories.

Examine semantic parsing, entity recognition, and sentiment

analysis to enhance the system's interpretation of natural

language.

e Personalized and Adaptive Learning: Create algorithms for
adaptive learning to tailor the VirtualTA system to each
student's needs and learning style, boosting interest and
enhancing comprehension.

e  Make use of visual aids, interactive simulations, and video
lectures to cater to multiple learning styles.

e To evaluate VirtualTA's efficacy and usefulness, it is
recommended to undertake thorough user feedback and
evaluation studies. The system will be fine-tuned and its
impact on student learning will be validated through input
from students, teachers, and other educational stakeholders.

e To guarantee interoperability with other institutions and
expand its reach, it is recommended to investigate the
possibility of integrating the AIIA with additional learning
management systems (LMS).

e Live Video Chat: Let students virtually join classes, pose
questions, and get instant answers from the Al aide or
teachers.

e  Working Together, Instructor and TA: Implement features
in VirtualTA that enable teachers and the Al assistant to
collaborate on lesson plans, answer students' questions, and
share resources.

e Gamification and Engagement: Inspire your students, boost
engagement, and make learning enjoyable with VirtualTA's
games.

e Examine the long-term effects of VirtualTA on student
performance, retention, and grades in longitudinal studies.

e Privacy and Ethical Considerations: Think about the human
element in education, algorithmic bias, and data privacy as
you explore the ethical ramifications of using Al in the
classroom.

6. CONCLUSION

The AIIA framework for adaptive and individualized higher
education learning is new. AIIA simplifies learning, tests
knowledge, and provides personalized support using powerful
Al and NLP. It can answer student queries, produce flashcards
and tests, and customize learning strategies. The research results
could change how Al-powered virtual teaching assistants
(VTAs) are designed, used, and evaluated in higher education,
which would make students more interested, help them learn
more, and make them happier. Look into higher schooling More
people are interested in Al in education because of Virtual
Teaching Assistants (VTAs) and natural language conversation.
Research on scalability, flexibility, and LMS integration is
lacking. This study develops, implements, and evaluates an AIIA
for personalized and adaptive higher education learning,
integrating with Learning Management Systems (LMS), utilizing
class records and interactions, addressing student and teacher
needs, and combating cheating and academic integrity. The
AITA  promotes self-regulated learning, student-faculty
communication, cooperation, and learning resource access
across institutions by being discipline-independent, scalable, and
integrated.

REFERENCE

1. Holmes W, Bialik M, Fadel C. Artificial Intelligence in
Education: Promises and Implications for Teaching and
Learning [Internet]. 2019 [cited 2023 Aug 18]. Available
from: http://oro.open.ac.uk/60255/

2. Popenici S, Kerr S. Exploring the impact of artificial
intelligence on teaching and learning in higher education.
Res Pract Technol Enhanc Learn. 2017; 12:1-13.

3. Baydaroglu O, Yesilkdy S, Sermet Y, Demir I. A
comprehensive review of ontologies in hydrology towards
guiding next-generation artificial intelligence applications. J
Environ Inform. 2023; 42:90-107.

4. Sermet Y, Demir 1. An intelligent system on knowledge
generation and communication about flooding. Environ
Model Softw. 2018; 108:51-60.

5. Sermet Y, Demir I. A semantic web framework for
automated smart assistants: A case study for public health.
Big Data Cogn Comput. 2021;5(3):57.

6. Zhang M, Zhu L, Lin S-Y, Herr K, Chi C-L, Demir I, et al.
Using artificial intelligence to improve pain assessment and
pain management: A scoping review. J Am Med Inform
Assoc. 2022;30(3):570-87.

7. Bandyopadhyay A, Ganguly D, Mitra M, Saha SK, Jones
GJ. An embedding-based IR model for disaster situations.
Inf Syst Front. 2018;20(5):925-32.

8.  Winkler R, Sollner M. Unleashing the potential of chatbots
in education: A state-of-the-art analysis. Proc Acad Manag.
2018; 2018:15903.

9. Akgun S, Greenhow C. Artificial intelligence in education:
Addressing ethical challenges in K-12 settings. Al Ethics.
2021;1-10.

67 © 2025 Dr Rajinder Kumar, Charanjeet Kaur, Dr. Vijay Laxmi. This is an open-access article distributed under the terms of the Creative Commons
Attribution 4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/
http://oro.open.ac.uk/60255/

Ind. Jr. of Mod. Res. and Rev.

PEER-REVIEWED JOURNAL

Volume 3 Issue 6 [Jun] 2025

10.

11.

12.

13.

Altbach PG, Reisberg L, Rumbley LE. Trends in global
higher education: Tracking an academic revolution. Brill;
2009.

Ewing G, Demir 1. An ethical decision-making framework
with serious gaming: A smart water case study on flooding.
J Hydroinformatics. 2021;23(3):466-82.

Essel HB, Vlachopoulos D, Tachie-Menson A, Johnson EE,
Baah PK. The impact of a virtual teaching assistant
(chatbot) on students' learning in Ghanaian higher
education. Int J Educ Technol High Educ. 2022;19(1):1-19.
Devlin J, Chang M-W, Lee K, Toutanova K. BERT: Pre-
training of deep bidirectional transformers for language
understanding [arXiv]. 2019. Available from:
https://doi.org/10.48550/arXiv.1810.04805

Creative Commons (CC) License
This article is an open-access article distributed under the terms and
conditions of the Creative Commons Attribution (CC BY 4.0)
license. This license permits unrestricted use, distribution, and
reproduction in any medium, provided the original author and source
are credited.

68

© 2025 Dr Rajinder Kumar, Charanjeet Kaur, Dr. Vijay Laxmi. This is an open-access article distributed under the terms of the Creative Commons

Attribution 4.0 International License (CC BY NC ND).https://creativecommons.org/licenses/by/4.0/



https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.48550/arXiv.1810.04805

