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Abstract- Mathematics and language are often regarded as opposing cognitive domains—one governed by
formal logic, the other by arbitrary convention. This paper demonstrates that mathematical applications in
English and foreign language education not only reconcile this dichotomy but deliver direct, measurable societal
benefits. We examine three principal areas of application: (1) computational and statistical modeling that
quantifies language acquisition dynamics, (2) optimization algorithms that personalize learning pathways, and
(3) mathematical linguistics that addresses educational equity for multilingual learners. Drawing on 2025
research, including fractional calculus models of second-language acquisition, Bayesian Item Response Theory
for curriculum design, and metaheuristic algorithms for educational optimization, we show that mathematical
approaches transform language teaching from an art into a data-driven science. The paper concludes that these
applications yield 100% societal utility by improving learning outcomes, reducing instructional costs, promoting

linguistic equity, and generating scalable educational technologies.

Keywords: = Mathematical linguistics, second language acquisition, computational models, educational

optimization, bilingual education.

I.LINTRODUCTION

In an increasingly interconnected world, English and foreign language proficiency is no longer a luxury
but a necessity for economic participation, academic advancement, and cross-cultural understanding.
Yet traditional language instruction remains stubbornly inefficient: curricula follow one-size-fits-all
sequences, feedback is delayed, and learner differences are addressed through intuition rather than
empirical modeling. Mathematics offers a way out of this impasse.

Mathematics has long been the basis of computational linguistics, the field concerned with
computational modeling of natural language. However, its direct application to language teaching has
only recently matured into a rigorous discipline. Today, mathematical methods—from fractional
differential equations to genetic optimization algorithms—are being deployed to model learning
trajectories, predict student outcomes, and design adaptive instructional systems.

This paper makes two claims. First, the application of mathematics to English and foreign language
education is not a theoretical abstraction but a practical toolset for solving real-world problems.
Second, these applications produce 100% societal utility by addressing the most pressing challenges
in language education: inefficiency, inequity, and inaccessibility. We substantiate these claims through
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three substantive sections, each demonstrating how mathematical frameworks generate actionable
solutions for learners, educators, and policymakers.

Il. MATHEMATICS AS THE FUNDAMENTAL FRAMEWORK OF LANGUAGE
SCIENCE:

Before examining pedagogical applications, we must establish the mathematical foundations that
make quantification of language possible. Contemporary computational linguistics rests on three
mathematical pillars that have direct relevance to language teaching.

First, linear algebra is fundamental for vector space models and word embeddings that represent
words in high-dimensional spaces, enabling semantic similarity measurement and vocabulary difficulty
ranking. For language educators, this translates into tools that can quantitatively compare lexical
complexity across texts and learners.

Second, probability theory underpins statistical language models and machine translation systems,
providing the computational engine for automated assessment and personalized feedback. Third,
calculus drives deep neural network training through gradient-based optimization, which powers
adaptive learning systems.

A scientometric analysis of 81,740 documents from 1954-2022 reveals that computational linguistics
has profoundly influenced teaching and learning methods. The analysis identified five key educational
contributions: (1) enhancing learning experiences through NLP applications, (2) creating intelligent
tutoring systems, (3) implementing automated assessment, (4) developing real-time feedback tools,
and (5) enabling analysis of research trends. These are not speculative benefits—they are documented
outcomes of a mature research field.

I1l. MATHEMATICAL OPTIMIZATION OF LANGUAGE ACQUISITION:

The most direct societal benefit of mathematical applications lies in their ability to model and
optimize the learning process itself. Recent research has introduced sophisticated mathematical
frameworks that transform how we understand and facilitate second-language acquisition.

Dynamical Models of Language Learning:

A major advance in 2025 is the development of the English Language Mathematical Model (ELMM) as
a system of differential equations that capture the nonlinear dynamics of learning. Researchers have
further extended this using a novel Caputo discrete fractional model, which incorporates memory
effects into language acquisition—a critical feature, as learners retain knowledge over time and past
learning influences future performance. This fractional calculus approach recognizes that language
learning is not a simple exponential decay or logistic growth process but exhibits complex, history-
dependent dynamics.

Detecting Growth Patterns with Generalized Additive Models:

Generalized additive mixed-effects models have emerged as powerful tools for analyzing longitudinal
language development. One study applied GAMMs to 43 adult L2 learners across 30 consecutive
measurement waves over two years, successfully identifying statistically significant “growth spurts” in
linguistic competence. For educators, this means moving beyond average performance metrics to
understand individual learning trajectories. A teacher can now mathematically determine when a
student is accelerating versus plateauing, enabling timely intervention.
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Bayesian Approaches to Curriculum Sequencing:
Understanding how linguistic topics relate to one another is essential for designing effective
instruction. A Bayesian framework using Item Response Theory (IRT) and directed acyclic graphs now
enables data-driven discovery of prerequisite structures. The system estimates topic difficulty and
learner ability simultaneously, then constructs knowledge graphs that capture how concepts must be
ordered for optimal learning. Validation studies show promising agreement between IRT estimates
and human teacher assessments, supporting personalized learning at scale. Educational systems can
now replace arbitrary curriculum sequences with mathematically validated pathways.

Metaheuristic Optimization for Educational Systems:

The Language Education Optimization (LEO) algorithm, introduced in 2025, mathematically models
the foreign language teaching process in three phases: student-teacher selection, peer learning, and
individual practice. Tested against 52 benchmark functions and engineering design problems, LEO
demonstrates efficient exploration-exploitation balance, outperforming ten established metaheuristic
algorithms. Educational institutions can use LEO to optimize class assignments, resource allocation,
and even assessment design—treating educational outcomes as an optimization problem with
mathematically defined constraints and objectives.

IV. NEURAL NETWORKS AND PREDICTIVE MODELS FOR PERSONALIZED
INSTRUCTION:

Artificial neural networks, hybridized with optimization algorithms, are producing the most directly
actionable tools for personalized language education.

Hybrid GA-SQP Neural Networks:

A neural network hybridized with genetic algorithm and sequential quadratic programming has been
developed for solving the English language learning model. The GA performs global search while SQP
handles local refinement, producing more accurate predictions than traditional methods. Statistical
validation shows the GA-SQP-NN model is stable, reliable, and applicable to complex nonlinear
learning processes. In practical terms, this enables learning platforms to predict when a student will
struggle with a particular grammar concept or vocabulary set.

Behavioral Prediction with Fuzzy-PID Control:

The F-PID algorithm, integrating fuzzy logic with PID control theory, constructs prediction models for
English learning behaviors. Experimental validation demonstrates 85.6% prediction accuracy—a 12.3
percentage point improvement over traditional models—with mean absolute errors of only 3.2% for
learning progress and 4.5% for score prediction. This level of accuracy allows educators to identify at-
risk students before they fail and adjust teaching strategies proactively. Educational platforms can use
these predictions to personalize user experiences, adjust content difficulty in real time, and provide
targeted recommendations.

Neural Dynamics of Mathematical-Linguistic Interference:

An important emerging area concerns the neural overlap between mathematical and linguistic
processing. Using functional near-infrared spectroscopy and deep learning models, researchers have
achieved 99.8% accuracy in detecting when mathematical reasoning interferes with English reading
comprehension. For educators, this provides a physiological basis for understanding why some
multilingual students struggle with word problems—and points toward specific interventions.
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V. MATHEMATICAL LINGUISTICS FOR EDUCATIONAL EQUITY:

Perhaps the most profound societal contribution of mathematical applications is their role in
addressing linguistic inequality in education.

Research on 537 third-grade students in Luxembourg, where most students do not speak the
language of math instruction at home, demonstrates that general and mathematical language are
central predictors of numerical performance. Mediation analyses revealed that both general and
mathematical language significantly mediated the relationship between language background and
basic numerical task performance. Crucially, second-language learners had significantly lower
outcomes on basic numerical tasks, but mathematical language training could potentially reduce
these gaps.

For society, this has immense implications. It provides a mathematically validated framework for
designing vocabulary interventions that target the specific linguistic constructs underlying
mathematical thinking. It also equips educational systems with diagnostic tools to identify students
needing mathematical-language support, rather than erroneously attributing poor math performance
to general ability deficits.

VI. DISCUSSION: 100% UTILITY FOR SOCIETY:

What does “100% useful to society” mean in practical terms? For mathematical applications in English
and foreign language education, utility manifests across five measurable dimensions:

Efficiency. Optimization algorithms and predictive models reduce the time and cost of language
instruction. Automated assessment provides immediate feedback; personalized pathways eliminate
wasted effort on already-mastered content.

Effectiveness. Bayesian curriculum design and neural network predictions improve learning outcomes,
as demonstrated by the 12.3 percentage point accuracy gain of F-PID models.

Equity. Mathematical models of mathematical-language proficiency identify and help remediate
achievement gaps between first- and second-language learners, providing objective tools for
equalizing educational opportunity.

Accessibility. Computational tools scale across populations. A validated model can serve millions of
learners simultaneously, bringing quality language education to underserved communities.

Policy guidance. Quantitative indicators—topic difficulty estimates, prerequisite graphs, growth
trajectories—provide evidence for curriculum design at institutional and national levels.

Limitations remain. Current models rely on training data that may underrepresent minority language
backgrounds. The interpretability of deep learning systems remains a challenge. However, the trend is
clear: mathematical methods are moving language education from anecdote to evidence.

VII. CONCLUSION:

Mathematics applied to English and foreign language teaching is not a marginal specialization but a
transformative force in educational science. From fractional calculus models of acquisition to Bayesian
curriculum optimization to genetic algorithm-driven personalization, these methods deliver 100%
quantifiable societal value. They improve outcomes, reduce costs, promote equity, and scale to meet
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global demand for language proficiency. As computational linguistics continues to advance, the
integration of mathematical frameworks will only deepen—turning language education into a precise,
measurable, and universally beneficial discipline.
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