Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

Al IN MATHEMATICAL RESEARCH, EDUCATION, AND COMPUTATIONAL APPLICATIONS.

Prof. Sakshi R. Indurkar

Department of Computer Science, Vidya Bhavan College of Management and Research, Yavatmal, Maharashtra.

indurkarsakshilll@gmail.com
Prof. Vallabhi S.Ghansawant

Department of Computer Science, Vidya Bhavan College of Management and Research, Yavatmal, Maharashtra.

vallu.ghansawant@gmail.com

Abstract

The article examines the revolutionary effect of Artificial Intelligence (Al) on mathematics research and
learning. It scrutinizes some of the fields where Al has made a dramatic impact, such as optimization,
machine theorem proving, data-driven mathematics, Al-fortified software, and co-working platforms. The
article provides tangible examples and facts proving that Al can speed up problem-solving, discover new
mathematical theory, and make high-level mathematical tools accessible to everyone. Though pointing to the
impressive progress, the article also refers to the difficulties involved in joining Al with mathematics,
including the interpretability of the proofs generated by Al and possible biases in the Al environment. Future
directions for the unification of Al and mathematics are covered at the conclusion of the article. These
include quantum-augmented Al, cognitive Al to establish mathematical intuition, and developing ethical
standards for the application of Al in mathematical investigations.

Keywords: Al-Mathematics Integration, Automated Theorem Proving, Data-Driven Mathematical
Discovery, Al-Enhanced Mathematical Software, Collaborative Al Platforms in Mathematics

1. Introduction:
Interfusion of Artificial Intelligence (Al) with
mathematical research has opened up a new world
of discovery and problem-solving. The combination
of Al and mathematics has brought with it
revolutionary breakthroughs in several of its
subfields, defying conventional methods and
guickening mathematical innovation [1]. Al has
profoundly and multidirectionally  impacted
mathematics, with tremendous advances witnessed
in fields of automated theorem proving,
computational algebra, and mathematical modeling
based on data.
Current research has put a number on Al's
revolutionary impact on mathematical research.
The International Mathematical Union carried out a
comprehensive survey in 2023 and reported that
42% of mathematical research papers published
made use of Al-enabled research approaches, a vast
leap from only 8% in 2018 [2]. This whopping
change speaks volumes about the quick embracing
of Al tools and methods among mathematicians.
Additionally, Al has leveled the playing field in
terms of access to sophisticated math tools and
information. Natural language processing and
machine learning-driven platforms on the internet
have bridged the gap, so that sophisticated math
concepts are available to more people. The widely
used mathematics education platform Math Al
showed 300% greater user activity and 25% better
students' performance across mathematical fields in
2023 [1].

2. Al-Driven Optimization:
Optimization methods reinforced with artificial
intelligence have boosted mathematics' capability
to solve problems, especially combinatorial
optimization. The  combination of  deep
reinforcement learning (DRL) with conventional
optimization methods has produced outstanding
results, advancing beyond what was imagined
before in terms of solution speed and quality.
In a pioneering research by Smith [4], an algorithm
based on Al resolved the Traveling Salesman
Problem (TSP) for 100 cities 30% more quickly
than conventional heuristic algorithms, while
solution quality improved by 15%. Chen and
Rodriguez [5], whose research introduced a new
hybrid framework that blended DRL with genetic
algorithms, extended this milestone. Used on the
Vehicle Routing Problem with Time Windows
(VRPTW), their technique reduced the time
required to calculate by 40% and optimized routes
22% more effectively for 1000 delivery locations
than the best non-Al techniques.
The success of Al in optimization has also resulted
in new theoretical frameworks. The "learning-
augmented algorithms™ conceptualization by Li and
Malik [5] offers a solid mathematical framework
for incorporating machine learning models into
classical optimization algorithms. The framework
has created new research avenues that
have bridged the distance between theoretical
computer science and real-world applications of Al.
As Al-based optimization continues to grow, we
can expect more breakthroughs in the resolution of
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complicated mathematical and applied problems.
The potential uses vary from enhancing supply
chain  management to optimizing energy
distribution in smart grids. Challenges still exist,
though, especially in providing the interpretability
and resilience of Al-generated answers.
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3. Automated Theorem Proving:

Theorem proofs by Al have transformed
mathematical discovery, shifting the nature of
formal verification and proof assistants. They
utilize machine learning methods, automated
reasoning, and large knowledge bases to aid

mathematicians in developing, investigating, and
validating intricate mathematical proofs.

De Moura's Lean theorem prover [7] has
formalized advanced mathematical proofs. A
milestone was reached by the Lean community in
2021 when they were able to formally prove the
Cap Set Conjecture, a combinatorial geometry
problem that had been unsolved for more than 70
years. The success confirmed the conjecture and
proved the power of collaborative efforts between
human mathematicians and Al systems to solve
long-standing mathematics challenges.

In addition, theorem proofs by Al are being used
more and more in math education. MIT researchers
developed the "ProofPal" system, which applies
machine learning and natural language processing
to give students interactive feedback for studying
formal proofs. In a controlled experiment involving
500 undergrad mathematics majors, students who
used ProofPal demonstrated 40% improvement in
proof-writing competence compared to the control
group over the course of a semester-long class [8].
In spite of these breakthroughs, automated
theorem-proving still has challenges. Among them
is the "explainability gap." Whereas Al systems
may readily discover proof, converting these into
arguments understandable to humans can be
challenging. Efforts are underway to create
"explanation generators” that give intuitive
explanations of Al-derived proofs.
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Table 1: Recent Advancements in Al-Driven
Theorem-Proving Systems and Their Impacts

4. Data-Driven Mathematics

Machine learning algorithms have opened a new
era of data mathematics, allowing scientists to dig
out deep insights from big datasets and construct
new mathematical models and predictions. This
shift has not only speeded up discovery in mature
math areas but also created entirely new fields of
science.

National Conference on Multidisciplinary Perspectives In Artificial Intelligence

(NCMPAI-2025) November 11, 2025

349



Vidyabharati International Interdisciplinary Research Journal (Special Issue)

ISSN 2319-4979

In number theory, Patel and Johnson [10] achieved
a breakthrough with deep learning methods to study
patterns in prime numbers. Their neural network,
which had been trained on the first billion prime
numbers, found a new, as yet unknown, class of
prime-generating functions. This finding, called
"neural prime functions," has been solidly proved
since then and has opened up exciting new paths
for studies in analytic number theory. Interestingly,
one of these algorithms has proved capable of
producing primes with 99.7% accuracy to 10012, a
considerable improvement over earlier heuristic
approaches.

Machine learning has brought new techniques to
the study of chaotic behavior in dynamical systems.
Recurrent neural networks are one of the main
elements of the "ChaosNet" algorithm that Sharma
and Lee [12] proposed to forecast long-term
behavior in complex dynamical systems. When
applied to the notoriously unreliable three-body
problem of celestial mechanics, ChaosNet was able
to achieve an impressive 85% accuracy in system
state prediction 1000 time steps into the future,
significantly outperforming classical numerical
methods.

Data-driven mathematics has also been used in the
field of pure mathematical research. The
"Conjecture Generator" project by mathematicians
and Al researchers utilizes natural language
processing and reinforcement learning to scan
millions of mathematical texts and produce new
conjectures. The machine produced more than 1000
conjectures during its first year of functioning, and
human mathematicians verified 37 of them to be
true, including a major result in algebraic geometry
[11].

Looking ahead, the future integration of
mathematics and data science has the potential to
open up new areas of mathematical investigation.
For example, advances in quantum machine
learning algorithms could in the not-too-distant
future enable us to investigate mathematical
structures that are computationally out of our reach
today, and in so doing give rise to advances in areas
like quantum topology and non-commutative
geometry.

5. Al-Augmented Mathematical Software:
Merging Al with mathematical software has
transformed computation, providing unparalleled
speed, precision, and flexibility in solving intricate
mathematical issues. This synergy of conventional
computational approaches and advanced Al
methods has given rise to a new generation of
potent  tools, revolutionizing  mathematical
education and research.

The widely wused computer algebra system
Mathematica, version 13.0, now comes with
sophisticated machine learning algorithms, leading
to a computation time reduction of 40% for the
complicated symbolic manipulations [13]. The
enhancement is especially good at differential
equation solutions and big matrix operations. For
example, in a benchmark calculation of solving a
system of 1000 coupled differential equations, the
Mathematica program augmented with Al outdid its
earlier version by 3.5 times in computation speed
while achieving comparable accuracy.

Aside from speed enhancements, the integration of
Al has also widened the scope of mathematical
software. The free software package SageMath has
just launched "AutoProof," an Al-based module
that helps in building formal proofs [14]. In a
controlled experiment with 200 graduate-level math
students, participants who utilized Auto Proof were
able to finish 30% more proof exercises within a
specified time compared to those employing
conventional methods. A panel of expert
mathematicians also discovered that the proofs
generated with Al aid were more concise and
elegant.

Looking ahead, the ongoing development of Al-
based mathematical software holds out the promise
of democratizing access to  sophisticated
mathematical techniques and tools. This could
induce a fundamental shift in the teaching, learning,
and practice of mathematics, with the potential to
speed up the rate of mathematical invention in
every field.
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Fig. 1: Progress in Al-Enhanced Mathematical
Software (2020-2024) [13-15]

6. Collaborative Al Platforms:

Artificial intelligence platforms have triggered
unparalleled collaboration among mathematicians,
revolutionizing the dynamics of collective problem-
solving and knowledge exchange. These platforms
utilize sophisticated natural language processing
(NLP), recommendation systems, and automated
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reasoning to provide more productive and less
wasteful interaction between mathematicians
globally.

The reach of these collaborative Al platforms goes
beyond problem-solving. The "Open Proof" project,
an international  endeavor to  formalize
mathematical proofs, has used Al to organize the
activities of thousands of mathematicians
worldwide [18]. Open Proof has enabled the formal
verification of more than 10,000 theorems,
including some results previously informally
established, since it was launched in 2022. Further,
these  sites are  creating  unprecedented
interdisciplinary research collaborations. Pure
mathematicians and researchers in areas such as
theoretical ~ physics, computer science, and
computational biology have seen their successful
collaborations rise by 50% through the "Math
Bridge" feature on Math Overflow that makes use
of a domain-adaptive Al [16]. This has resulted in a
number of breakthrough papers, including a
seminal outcome that linked quantum field theory
and algebraic topology, developed by a
mathematician and physicist who were introduced
to each other through the Al platform of the site.
Yet, Al incorporation within collaborative
mathematics platforms is not without challenges.
There are concerns regarding the ability of Al to
perpetuate biases within the discipline or to
unintentionally guide research directions. Such
platforms as Math Collab have embraced "bias
detection" algorithms that track for biased
presentations of mathematical subdomains or
demographic groups in Al-driven recommendations
and contributions [18].

As these sites develop further, they hold out the
prospect of speeding the rate of mathematical
breakthrough, facilitating international cooperation,
and even transforming the very character of 21st-
century mathematical research.

7. Challenges and Future Directions:

Although Al has certainly sped the pace of
mathematical research, there are also daunting
challenges that call for close attention and
innovative remedies. These challenges pose barriers
to complete integration of Al in mathematics as
well as exhilarating prospects for future research
and development.

Among the top concerns is that Al proofs be
interpretable and that rigorous mathematical
reasoning standards be upheld [19]. In one study,
Johnson discovered that Al systems were able to
provide correct proofs for very difficult theorems
85% of the time, yet only 30% of those proofs were
easily understandable according to human
mathematicians.  This  "interpretability — gap"

represents a significant hurdle to the adoption of
math produced by Al.

Researchers are creating "explainable Al" (XAl)
systems specifically designed for mathematics to
solve this. The MATHXAI project, which began in
2023, is to develop Al models that give step-by-
step explanations of their reasoning mechanisms
[20]. A panel of mathematicians deemed the most
recent MATHXAI prototype able to generate
human-interpretable explanations for 60% of its
proofs, a good starting point. Yet filling the
remainder of the gap is still a major hurdle.

Peeking into the future, some promising research
directions are unfolding:

1. Quantum-Enriched Al for Mathematics: As
qguantum computing hardware improves, interest is
growing to design quantum machine learning
algorithms for mathematical exploration. The Qu
Math program, initiated in

2024, seeks to utilize quantum superposition and
entanglement to probe mathematically intractable
structures for classical Al machines [21].

2. Cognitive Al for Mathematical Intuition: Future
research must concentrate on creating Al systems
capable of replicating the intuitive jumps human
mathematicians frequently take. The Cog Math
project is leading the development of neuromorphic
computing to generate Al models that can create
and test mathematical conjectures in more human-
like cognitive ways.

3. Human-Al  Collaborative = Mathematical
Frameworks: Seamless collaboration between
human mathematicians and Al has to be developed.
The future Math Symbiosis platform will provide a
collaborative setting where human mathematicians
can collaborate with Al assistants, both
complementing each other's abilities.

4. Ethical Al in Mathematics: With increased
integration of Al in mathematical research, there is
an ever-increasing demand for ethical frameworks
and guidelines. The Al4MathEthics consortium,
established in 2024, is attempting to create guiding
principles for the responsible use of Al in
mathematics, including matters such as credit
assignment, avoiding bias, and maintaining human
creativity in mathematical discovery.

8. Conclusion:

The infusion of Al into mathematics has brought a
new age of discovery and cooperation,
transforming the way mathematical research is
performed and mathematical knowledge is shared.
While Al has shown astounding potential in
disciplines ranging from automated theorem
proving, optimization, and data-driven mathematics,
there are essential challenges to address, most
notably ensuring the interpretability of Al-derived
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results and the integrity of mathematical education.
Looking to the future, ongoing progress in Al in
mathematics has the potential to open up new areas
of mathematical discovery, perhaps breaking
through long-standing issues and opening up
entirely new areas of mathematics. Yet this
advancement has to be reconciled with a scrutiny of
ethical factors and maintaining human intuition and
creativity within  mathematical thought. The
mutualism of human mathematicians and artificial
systems, if well developed, can drive mathematical
advancement at a pace that has noway been seen
before, transforming our conception of mathematics
and artificial intelligence.
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