www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 2 February 2025 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éh INTERNATIONAL JOURNAL OF CREATIVE

RESEARCH THOUGHTS (1JCRT)
o

An International Open Access, Peer-reviewed, Refereed Journal

THE ROLE OF ARTIFICIAL INTELLIGENCE IN
STEM EDUCATION: A PERSPECTIVE OF ITS
APPLICATIONS, INNOVATIONS, FUTURE SCOPE,
LIMITATIONS, AND REGULATORY CONCERNS

Dr. Satish Gaikwad
Research Unit, Indira Gandhi National Open University, New Delhi
e-mail:satishrrg@ignou.ac.in

Abstract

Artificial Intelligence (Al) has become a transformative force across various sectors, including education.
Within STEM (Science, Technology, Engineering, and Mathematics) education, Al has shown great
potential in reshaping both teaching and learning processes. This paper examines the diverse applications of
Al in STEM education, explores key innovations that Al has enabled, considers its future potential,
highlights limitations, and addresses the regulatory challenges that accompany its integration into
educational systems. As Al tools and platforms continue to evolve, their impact on STEM education could
significantly enhance learning outcomes, though careful attention to ethical and regulatory concerns is
needed.
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1. Introduction

In recent years, Artificial Intelligence (Al) has emerged as a game-changing tool in various sectors, and
education is no exception. Al's capacity to simulate human intelligence and automate complex tasks has
enabled new forms of learning and personalized education. Within the context of STEM (Science,
Technology, Engineering, and Mathematics) education, Al tools hold immense potential to support both
teaching and learning, helping students engage more effectively with the content. This paper explores how
Al is reshaping STEM education, the innovations it introduces, its future applications, challenges,
limitations, and the regulatory concerns associated with AI’s use in educational environments.

The importance of STEM education cannot be overstated. It equips students with the critical thinking,
problem-solving, and technical skills necessary for the 21st century workforce. However, traditional
methods of teaching STEM subjects often fail to cater to the diverse needs of all students. Al offers
solutions to these challenges by providing personalized learning paths, real-time feedback, and automated
content generation.
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2. Applications of Al in STEM Education

Al technologies have found various applications in STEM education, driving significant improvements in
how students learn and educators teach. The following are some of the key applications:

2.1 Personalized Learning

Al enables the development of adaptive learning systems that personalize educational experiences based on
individual student performance. Tools like intelligent tutoring systems (ITS) adjust the difficulty level of
content in real time, offering tailored resources based on a student's pace and comprehension level
(Pataranutaporn et al., 2021). Personalized learning in STEM fields can transform how students engage with
complex subjects, making education more relevant, enjoyable, and ultimately, more effective. It prepares
them not only for academic success but also for success in the rapidly evolving workforce (Arkoczi et al.,
2024).

Personalized learning in STEM (Science, Technology, Engineering, and Mathematics) refers to an
educational approach that tailors instruction to meet the unique needs, interests, strengths, and pace of each
student. It emphasizes flexibility and adaptability, allowing students to take ownership of their learning
while still mastering key concepts and skills in these fields (Taylor et al., 2021).. Some of the personalized
key aspects are highlighted below:

Key feature Specific applications
Student-Centered Approach Learners are encouraged to pursue STEM subjects aligning
with their interests, career goals, and learning styles.
(Serban and Vescan, 2019) Teachers or facilitators can act as more as mentors, guiding
students through their educational journeys.

Pacing and Flexibility Instead of one-size-fits-all pace, tailor made content at a pace
that works best suited to each learner offers pacing and
(Liu,2025). flexibility. More advanced students can accelerate through

material, while students needing more support can receive it
without feeling rushed.
Technology Integration Adaptive learning platforms, online courses, simulations, and
interactive educational software can personalize the learning
(Zheng, 2024). experience. Technology provides real-time data that helps
instructors adjust instruction to meet individual needs.
Project-Based Learning Hands-on projects that allow students to apply concepts to
real-world problems. This approach fosters critical thinking,
(Aliabadi,2023) problem-solving, and collaboration—skills essential in
STEM careers.
Data-Driven Decisions Teachers use data from assessments and student performance
to adjust lesson plans and provide additional resources.
(Nuangchalerm and Frequent formative assessments allow teachers to gauge
Prachagool, 2023). where students are excelling or struggling.
Collaborative Learning Even though the learning is personalized, collaboration
among peers is encouraged. Students can work together on
(Soller et al., 2005). projects, share ideas, and help each other. In STEM,
collaboration mimics the real-world dynamics of teamwork
in research, engineering, and technology development.
Incorporating Real-World By incorporating industry-relevant scenarios or problems,

Context personalized STEM learning helps students see the practical
application of what they are learning. This could include
(Yannier et al.,2020) simulations, real-life data analysis, or challenges presented

by STEM professionals from the field

The benefits of personalized learning may ranges from engagement students in more meaningful way to
when they are learning content that aligns with their interests and learning style, the focus on individual
pacing ensures that students truly master foundational concepts before moving on and personalized learning
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encourages the development of both academic and soft skills, such as self-motivation, communication, and
teamwork, which are important in STEM careers (Chiu, 2024).

There are challenges too that, not all schools or institutions have the resources to implement personalized
learning effectively, especially when it involves technology, teachers need ongoing training to design
personalized learning experiences and to effectively use technology in the classroom and measuring student
progress in personalized learning can be complex, as traditional testing may not fully capture individual
growth or understanding (Joseph and Uzondu,2024 ).

2.2 Virtual Tutors and Assistants

Al-powered virtual tutors are used in STEM education to provide real-time assistance to students. For
example, Al systems such as IBM Watson Tutor engage students in a dialogue, helping them solve
problems, explain difficult concepts, and offer personalized support, particularly in complex subjects like
mathematics and physics (Yannier et al.,2020).

Virtual tutors and assistants in STEM (Science, Technology, Engineering, and Mathematics) are becoming
increasingly popular tools in education. They help students grasp complex concepts, get personalized help,
and practice skills in a flexible, self-paced environment. These tools can range from simple chatbots to
sophisticated Al-driven systems. Here's a look at how virtual tutors and assistants are transforming STEM
education: Virtual tutors in STEM can tailor the learning experience to the individual needs of each student.
They can assess a student’s strengths and weaknesses and adjust the pace and style of the lessons
accordingly. For example, if a student struggles with calculus, the virtual tutor can offer more practice
problems, break down concepts into simpler parts, and track progress over time (Xu and Ouyang, 2022).

Key feature Specific applications
Real-Time Assistance Students can get immediate help with homework or concepts
they don’t understand without waiting for a teacher. Virtual
(Pedro etal., 2019) assistants can answer questions, explain difficult problems,

and provide resources like video tutorials or interactive
exercises, ensuring students don’t feel stuck while studying.

24/7 Availability Unlike traditional tutors, virtual assistants are available
around the clock. This means students can study at their own
(Chen et al., 2023) convenience, without being limited by school hours or the

availability of a tutor. This is especially useful for learners in
different time zones or those with busy schedules.
Al and Machine Learning  Some advanced virtual tutors use Al and machine learning to
Integration improve the quality of instruction. For example, they can
detect patterns in a student’s mistakes and adapt lessons
(Touretzky etal., 2023)  based on previous performance. Al tutors in subjects like
mathematics or physics can guide students through problem-
solving step by step, offering hints and explanations as
needed.
Interactive Learning Tools  Many virtual tutors use interactive simulations or virtual labs
to help students understand STEM concepts. In subjects like
(Lee and Perret, 2022) physics or chemistry, virtual assistants can create simulations
of experiments, allowing students to interact with models of
physical systems or conduct virtual experiments that might
be impractical in a traditional classroom.
Assessment and Feedback  Virtual tutors can continuously assess a student’s
understanding through quizzes, assignments, and activities.

Zawacki-Richter et al., Instant feedback helps learners understand where they went
2019) wrong and how to correct their mistakes. This constant cycle
of testing and feedback promotes active learning and

retention.
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STEM-focused Platforms  There are platforms dedicated specifically to STEM learning
that feature virtual assistants. Examples include:
(Pedro et al., 2019)

o« Khan Academy: Offers a virtual assistant that
provides personalized practice and feedback in
various STEM subjects.

e Socratic by Google: Helps students solve math and
science problems using a combination of Al and
crowdsourced information.

o Photomath: A tool that allows students to scan math
problems and receive step-by-step solutions with
explanations.

o Wolfram Alpha: A computational knowledge engine
that assists with solving complex STEM problems in
areas such as math, physics, and engineering.

Accessible Learning for All  Virtual tutors make STEM education more accessible to a
wider range of students, including those in remote areas or

(Makda, 2024) with disabilities. For instance, students who have difficulty

with traditional learning methods can benefit from alternative

explanations, visual aids, or even speech-to-text technologies.

Collaborative Learning Some virtual tutors or assistants facilitate group learning by
connecting students with each other. Virtual study groups or

( Soller et al., 2005) peer-assisted learning communities help students collaborate
on STEM problems and learn from each other’s experiences.
Gamification and Gamified virtual tutors make STEM subjects more engaging
Motivation by turning learning into a game. By earning points, unlocking
achievements, or completing challenges, students are
(Sakulkueakulsuk et al., motivated to keep learning and improve their skills in areas
2018) they may have found boring or difficult before.

Application based support  Examples of Virtual Tutors in STEM:

(Jabbour et al., 2025) « Socratic by Google: This app uses Al to help students
solve STEM problems by simply taking pictures of
them. It provides step-by-step - solutions and
explanations.

e Quizlet: Offers flashcards and learning tools for
STEM topics and allows for the creation of custom
study sets.

e Duolingo for STEM: While Duolingo is more popular
for languages, there are efforts to apply similar
gamified techniques to subjects like math and science.
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2.3 Automation of Administrative Tasks

Al is increasingly being used to automate time-consuming administrative tasks such as grading assignments,
tracking attendance, and managing student progress. This allows educators to spend more time on
interactive teaching and less time on administrative overhead (Parycek et al., 2024). The automation of
administrative tasks in STEM education can significantly improve efficiency and reduce the workload on
educators, allowing them to focus more on teaching and research. Some key areas where automation can be
applied include:

Key feature
Student Enrollment and
Registration
(Pedro et al., 2019)
Grading and Feedback
(Zawacki-Richter et al.,
2019).
Attendance Tracking

(Pedro et al., 2019)

Scheduling and Resource
Allocation

(Pedro et al., 2019)

Communication and
Notifications

(Zawacki-Richter et al,
2019)

Data Collection and
Reporting

(Zawacki-Richter et al,
2019)

Curriculum Management

(Han et al., 2018)

Specific applications
Automated Registration Systems: Systems can automatically
handle student registration for courses, process payments,
and manage class schedules.Course Prerequisite Checking:
Automatically check if students meet prerequisites for
courses and advise them accordingly.
Automated Grading Systems: For assignments, quizzes, and
exams, tools like automated grading software can quickly
assess student responses, particularly for objective questions.
Personalized Feedback: Algorithms can be programmed to
provide feedback on student performance, highlighting areas
of improvement.
Digital Attendance Systems: Automatic attendance
recording using biometrics, QR codes, or online systems.
These systems can also notify students if they have missed a
certain number of classes.

Data Analytics: Collect data on student attendance and
analyze it to identify trends or patterns that might indicate
students needing additional support.

Automated Timetables: Tools can create class schedules,
lab schedules, and exam timetables without conflicts,
considering room availability, faculty schedules, and other
constraints.

Resource Management: Automating the allocation and
booking of resources such .as classrooms, labs, and
equipment to avoid overbooking.

Automated Messaging: Automated email or text
notifications about upcoming deadlines, changes in
schedules, or announcements to keep students and staff
informed.

Chatbots: Al-driven chatbots can answer common
administrative questions, guide students through various
processes, and handle routine inquiries.

Automated Data Entry and Reporting: Systems that
automatically generate reports on student progress, grades,
and class performance, which can be shared with faculty and
administrative teams.

Predictive Analytics: Analyze data on student performance
to predict outcomes such as graduation rates, retention rates,
and the need for intervention.

Curriculum Planning: Automating the management of
course syllabi, materials, and updates to keep them consistent
and current.

IJCRT2502376 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org ] d193


http://www.ijcrt.org/

www.ijcrt.org © 2025 IJCRT | Volume 13, Issue 2 February 2025 | ISSN: 2320-2882

Content Repository: Systems to manage and automatically
distribute up-to-date learning resources and course content.
Faculty Administration Workload Management: Tools to track faculty workloads,
including teaching hours, research responsibilities, and
(Zawacki-Richter et al, administrative duties.
2019)

Payroll and Compensation: Automating payroll for faculty,
including adjustments for overtime, consulting, or special
assignments.

Learning Management Automated Course Creation: Many LMS platforms allow
Systems (LMS) for automated course creation, enrollment management, and
content delivery.
(Aldahwan and Alsaeed,

2020). Integration with Other Tools: LMS platforms can integrate
with third-party tools to automate assignment submissions,
grading, and plagiarism checks.

Assessment and Evaluation Automated Peer Reviews: Allow students to participate in
peer reviews using automated systems that track submissions,
(Zawacki-Richter et al, grades, and feedback.

2019)

Automated Surveys: Distribute and analyze student surveys
for feedback on courses, instructors, or facilities.

Compliance and Accreditation Tracking: Automating the collection of
Accreditation evidence required for accreditation bodies to ensure

compliance with necessary academic standards and
(Cihon, 2019) regulations.

Record Keeping: Automating the collection and storage of
student records, grades, and certifications for future use.
Grant and Funding Automated Proposal Submission: Systems that can
Management automatically collect data from faculty or researchers to
generate funding proposals.
(Pedro et al., 2019)
Tracking Fund Disbursement: Automating the tracking of
research grants, budgets, and expenditures.
Virtual Assistants for Virtual assistants can help both students and staff with
Administrative Tasks common administrative tasks, like organizing meetings,
answering questions, and providing important reminders.
(Sajja et al., 2024)

The key benefits of automation of administrative tasks may contribute a lot in the time efficiency where
faculty and administrators save time spent on repetitive tasks, which they can redirect to more impactful
activities such as teaching and research. The maintenance of accuracy through the automation reduces
human error, ensuring more accurate record-keeping, grading, and scheduling. Student engagement through
instant notifications about changes, and automated feedback systems help them learn faster and more
effectively. Automation of administrative processes can lower operational costs for institutions and students
receive tailored support based on automated tracking and data analytics (Zawacki-Richter et al, 2019).

2.4 Al in STEM Research and Experimentation
Al is helping researchers in STEM fields by automating experiments, optimizing simulations, and analyzing

large datasets. For example, in fields like chemistry and biology, Al algorithms analyze experimental data to
identify patterns and predict outcomes more efficiently than traditional methods (Zhai et al., 2021). Al is
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increasingly playing a pivotal role in STEM research and experimentation, driving innovation across various
fields. Some of the important tools are discussed as under:

2.4.1. Data Analysis and Modeling

Al algorithms, particularly machine learning, are revolutionizing data analysis in research. These algorithms
can identify patterns in vast datasets far more efficiently than traditional methods. This is especially useful
in areas like genomics, climate modeling, and particle physics. Al can also build predictive models for
complex systems. For instance, in drug discovery, Al models predict how different compounds might
interact with biological targets, significantly speeding up the process (Bewersdorff et al., 2025).

2.4.2. Automation of Experiments

Al-powered robotics can automate repetitive laboratory tasks, such as mixing chemicals, running assays, or
gathering data from experiments. This increases the speed and accuracy of scientific research while
reducing human error. Al can also design experiments by predicting the most effective setups or conditions
for a particular experiment, reducing trial and error in research (King et al., 2009).

2.4.3. Accelerating Drug Discovery and Healthcare Research

Al has transformed medical imaging, making it more efficient and accurate. For instance, deep learning
algorithms help radiologists identify abnormalities in CT scans or MRI images, often with higher precision
than humans (Kung et al, 2023) Al analyzes data of genomics, proteomics, etc. basically to discover
potential biomarkers for diseases, speeding up the process of developing new diagnostic tests and treatments
(Gao et al., 2024).

2.4.4. Personalized Medicine

Al enables personalized treatment plans by analyzing individual patient data, such as genetics, lifestyle, and
treatment responses. Al can help doctors identify the most effective treatments for specific patients,
optimizing patient outcomes (Triola and Burk-Rafel, 2023).

2.4.5. Quantum Computing

Quantum computing, when combined with Al, is opening new doors in solving complex optimization
problems that are impossible for classical computers. This is particularly useful in materials science and
cryptography (Pedro et al., 2019). Al algorithms on quantum computers are also aiding in simulating
molecules for materials science and drug design, tasks that were previously computationally prohibitive
(David et al., 2020)

2.4.6. Robotics and Engineering

In engineering, Al is improving robots' ability to perform complex tasks such as 3D printing, automated
construction, and even self-repairing materials (Han et al., 2018). Al models are used for structural
simulations, helping engineers design safer, more efficient buildings and bridges by optimizing for factors
like load distribution and material usage (Salehi and Burguefio, 2018)

2.4.7. Space Exploration

Al is crucial in space exploration, especially for autonomous navigation and decision-making. Rovers like
the ones on Mars rely heavily on Al to make real-time decisions based on their environment (Riedl, 2019).
Space telescopes and other instruments generate massive amounts of data. Al helps in processing and
analyzing this data to discover new planets, stars, or phenomena (Bewersdorff et al., 2025).
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2.4.8. Environmental Science and Climate Change

Al improves climate models by analyzing vast environmental datasets, enhancing predictions related to
global warming, weather patterns, and environmental changes (Kim and Park, 2019). Al algorithms are used
to monitor wildlife and ecosystems, helping predict risks to biodiversity and improving conservation
strategies (Palmer et al., 2021).

2.4.9. Ethics and Al in Research

As Al is integrated into research, there's a growing need for ethical considerations, especially in areas like
autonomous systems, genetic editing, and Al decision-making. Researchers are developing frameworks for
the responsible use of Al in these fields, focusing on fairness, transparency, and accountability. The
however, may have some key challenges with scope for future prospects like, Al algorithms can inherit
biases present in the data they are trained on, which could skew research outcomes or lead to inequalities in
fields like healthcare and social sciences. The "black box" nature of many Al models, especially deep
learning, can make it difficult for researchers to understand how decisions are made, hindering trust in the
results. While Al can significantly speed up research, it still requires collaboration with human experts for
interpreting complex results and making sense of ambiguous findings. Al is deeply integrated into STEM
research, making processes more efficient, accurate, and innovative. As technology evolves, we can expect
even greater advancements in fields such as quantum computing, personalized medicine, and climate
science, all fueled by Al's ability to analyze vast amounts of data and make intelligent predictions
(Hagendorff, 2020).

3. Innovations Driven by Al in STEM Education

Al’s role in STEM education extends beyond automation and personalization to include numerous
innovations that are transforming the classroom experience. Al is rapidly transforming STEM (Science,
Technology, Engineering, and Mathematics) education in ways that were previously unimaginable. Some of
the key innovations driven by Al that are shaping STEM education like adaptive learning platforms like
Knewton or DreamBox adjust lessons in real-time based on a student's performance, offering targeted help
where needed. Carnegie Learning uses Al to create adaptive tutoring systems for math and other STEM
subjects. Socratic by Google offers a mobile app that helps students with problem-solving across multiple
subjects. Gradescope uses Al to grade assignments, especially in STEM fields, where problems often
require detailed responses. It can analyze both multiple-choice and written-answers, helping instructors save
time and provide more meaningful feedback and Labster provides virtual reality labs in STEM fields,
allowing students to conduct experiments in a safe and controlled digital space. PhET Interactive
Simulations by the University of Colorado offers interactive science simulations (Yang et al., 2024,
Psycharis et al, 2020, Eden et al., 2024 and Salsabilla et al., 2024)

4. Al-Powered Research and Data Analysis Tools

Al tools are being developed to assist students and researchers in analyzing complex data sets, running
simulations, and automating tedious tasks in research. These tools enable students to focus on the creative
and problem-solving aspects of research, leaving the data crunching and pattern recognition to Al. Tools
like Wolfram Alpha use Al to help students analyze data, generate graphs, and solve mathematical problems.
TensorFlow and PyTorch are Al frameworks that help students and researchers develop machine learning
models for their research (Arndt et al., 2020, Lin et al., 2020, Zhu et al, 2024)

5. Chatbots and Virtual Assistants

Al chatbots and virtual assistants can answer students' questions in real-time, providing support for basic
inquiries, homework help, and even complex concept explanations. They help reduce the cognitive load on
teachers and provide students with immediate answers. The tools like Jill Watson, an Al teaching assistant
developed at Georgia Tech, is an example of how Al can interact with students to provide assistance, track
their progress, and answer common queries (Zhang and Bansal, 2025, Pagani and Torresi, 2023).
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6. STEM Career Guidance and Mentorship

Al can also help students navigate their career paths in STEM fields by providing personalized advice on
courses, extracurricular activities, internships, and job opportunities based on their skills, interests, and
performance. Al-driven platforms can connect students with mentors who can guide them in their career
development. Platforms like Pymetrics use Al to match students with careers that align with their cognitive
and emotional abilities, while LinkedIn and other platforms leverage Al to recommend job opportunities and
skill-building courses (Girasa, 2020, Forbester et al., 2015)

7. Automated Content Creation

Al can assist educators in creating educational content, such as problem sets, quizzes, and lectures, tailored
to different difficulty levels. This reduces the workload on teachers and ensures that content is aligned with
the evolving needs of the students. Specialized tools like Quizlet and Socrative use Al to help educators
quickly generate quiz questions and tailor study materials, streamlining the process of curriculum creation
(Forbester et al., 2015, Hasanah, 2020)

8. Collaborative Learning Environments

Al-powered platforms can foster collaboration among students by recommending groupings based on shared
interests, complementary skills, or diverse backgrounds. These platforms can track group interactions and
provide feedback on how students work together, encouraging more effective teamwork and
communication. Tools like Slack or Miro, when integrated with Al, can facilitate real-time collaboration and
enhance the problem-solving process, making group work more productive and engaging (Yahaya et al.,
2022).

9. Ethical and Responsible Al Education

Al is not just enhancing STEM education but also playing a role in educating students about the ethical
implications of Al In today’s world, understanding Al and its potential impact on society is becoming an
integral part of STEM curricula. Al-based tools and simulations can also offer insights into the ethical
challenges of using Al in various fields. For example, AI4ALL is an initiative designed to teach high school
students about artificial intelligence, including its applications and ethical concerns (Fu and Weng, 2024).

10. Virtual labs and simulations:

Virtual labs and simulations are interactive digital environments that allow users to conduct experiments and
practice skills virtually, mimicking real-world scenarios without the physical limitations of a traditional
lab; they provide a safe space to explore concepts, manipulate variables, and observe outcomes, often
through 3D visualizations, making learning more engaging and accessible by enabling users to experiment
at their own pace and repeat procedures as needed, all while gaining hands-on experience without the risk of
potential hazards in a physical lab setting. Some of the key aspects like, interactive learning where users
can manipulate variables and observe real-time results, safe environment which allows for experimentation
without the risk of accidents in a physical lab, accessibility remotely from anywhere with an internet
connection and wide applications across various fields like science, engineering, healthcare, and more are
majorly impacting of the applications of such tools (Klami et al., 2024).

Conclusion

The integration of Al in STEM education is creating more interactive, personalized, and accessible learning
experiences. As technology continues to evolve, Al will likely play an even bigger role in shaping the future
of STEM education, enabling students to explore complex topics in new ways and equipping them with the
tools to solve the challenges of tomorrow.Al's future role in STEM education is poised to make learning
more personalized, efficient, and accessible. As Al tools and technologies continue to evolve, they will not
only transform how students learn but also how educators teach and assess, ultimately shaping the future of
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education in profound ways. By embracing Al, STEM education will become more engaging, adaptable,
and inclusive, empowering future generations of innovators and problem-solvers.
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