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Abstract

The Fifth Industrial Revolution (5IR) representyat sformatlve era in which human creativity
and advanced technologies, particularly Aﬁi—ﬁ\cl ‘Iﬁtelhgence (AD), converge to reshape
knowledge systems, industries, and educatms aper examines the paradigm shift in
Mathematics education driven by 5IR 1nn0vat10ns highlighting the evolving roles of teachers
and students in digitally enhanced learning environments. Historically, Mathematics
instruction emphasized teacher-led delivery, rote memorization, and procedural mastery.
Subsequent reforms, including New Math and culturally responsive approaches, gradually
shifted focus toward conceptual understanding, reasoning, and problem-solving. The
integration of Al in contemporary classrooms enables personalized learning pathways,
adaptive feedback, intelligent tutoring, and real-time assessment, fostering deeper engagement
and mastery of mathematical concepts. Moreover, Al supports teachers in data-informed
decision-making, professional growth, and instructional design, while promoting equitable
access and inclusion. This study underscores the critical role of Al in facilitating a learner-
centered, responsive, and interactive Mathematics education ecosystem in the SIR, preparing
students with computational, analytical, and problem-solving competencies essential for
navigating complex, technology-driven societies.

Key words: Artificial Intelligence (AI), Mathematics Education and Fifth Industrial
Revolution (5IR)

Introduction

In an era where technological breakthroughs are reshaping every facet of society, the
integration of Artificial Intelligence (Al) into education is no longer a futuristic concept but a
present reality, accelerating transformation. From the steam engines of the First Industrial
Revolution to the rise of digital technologies in the Fourth, humanity has witnessed successive

shifts that have redefined industries and everyday life. Today, the Fifth Industrial Revolution
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marks a new phase—one that fuses human creativity with advanced technologies like Al,
promising profound impacts on critical fields such as Mathematics education.

The Fifth Industrial Revolution (5IR) or the Industry 5.0 era is the era that represents
collaborations between humans and digital technologies with the goal of benefiting society, the
economy, and the environment (Dhakal, 2025). The progression from the First to the Fifth
Industrial Revolution has shifted production from manual to machine-based systems, leading
to smart industries, artificial intelligence-driven technologies, robotics, and advanced digital
infrastructures that enhance productivity and efficiency. As systems become more intelligent
and interconnected, the delivery of goods and services at scale has improved, with significant
implications for human wellbeing. The likely implications are that the era will induce
fundamental changes in human resources management.

The 5IR is not a chronological continuation and replacement of 4IR. Instead, 5IR builds on
4IR, driven by opportunities for collaboratlve zﬂd’ %t)peratlve synergies between humans and
technologies such as artificial intelligence, Y‘@j%workers and workplaces contribute to
improving the economy, environment, and society. Consequently, the likely implication of
Industry 5.0 is that it will catalyze fundamental changes in human resources management
(HRM) and pressure organizations to discover emerging technologies to enhance efficiency
and build an aptly skilled workforce to increase productivity.

Mathematics education is a complex system, from a system perspective, consisting of
interdependent elements, including complex problems, information, medium, and
environment. The application of Al, as a critical technology element, should take careful
consideration of these complex factors to achieve a high-quality Mathematics education in a
global perspective (Korkmaz Guler et al., 2024). A high quality of Mathematics education
must build skills needed in 21st-century workplaces, taking into account the changing nature
of work and the different ways that economic security can be provisioned” (Zewde, 2023). For
instance, in the context of artificial intelligence reshaping the Mathematics education of the
future, Giannini (2023) asks: “In a world where artificial intelligence systems seem to be
developing new capabilities by the month, what skills, outlooks, and competencies should
Mathematics educators cultivate?”. This is an important question from the perspectives of
ethics, opportunities, and pitfalls that emerging technologies, such as Al, bring to Mathematics
education.

Artificial Intelligence (Al) is a branch of computer science that aims to create systems capable
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of performing tasks that typically require human intelligence. These tasks include learning,
reasoning, problem-solving, perception, and understanding human language, enabling
machines to interpret and generate meaningful communication. According to Wartman and
Combs (2018), Al is the ability of a machine or computer to act or think like a human being,
imitating and accomplishing tasks that people do. Similarly, Mohammed and Watson (2019)
defined Al as the skillful application of machines or technologies programmed to imitate
humans. Popenici and Kerr (2017) further posited that Al is advancing rapidly in service and
educational systems, supporting automated, individualized education through virtual
engagement tailored to the student’s convenience. Raja and Nagasubramani (2018) added that
Al is highly interactive, making knowledge transfer easier and more convenient, demonstrating
how reliance on this technology can simplify life.

The integration of artificial intelligence into Mathematlcs education, including classroom
practice and teacher professional developmerﬁ @fbf significant importance. Mathematics,
often perceived as abstract and challengm&@j@f‘ét substantially from Al-powered tools
that personalize learning pathways, provide immediate formative feedback, and adapt
instructional tasks to individual learner needs. For teachers, Al creates structured opportunities
for professional growth by supporting data-informed instructional decisions, diagnosing
learners’ misconceptions in areas such as algebra and problem solving, and refining
pedagogical strategies through analytics-driven insights. In this context, Al functions as an
enabling technology that strengthens both teaching effectiveness and student understanding
within contemporary Mathematics classrooms.

Rather than merely replicating human intelligence, artificial intelligence refers to
computational systems designed to analyze data, recognize patterns, and make adaptive
decisions that support complex tasks. Within Mathematics education, these capabilities are
applied through adaptive learning platforms, intelligent tutoring systems, and automated
assessment tools that enhance instructional precision and learner autonomy. As part of broader
digital transformation trends associated with recent industrial advancements, Al contributes to
reshaping educational practice by improving efficiency, personalization, and analytical

engagement in Mathematics learning (Wamba-Taguimdje et al., 2020).

A Paradigm Shift for Mathematics Education in the SIR
From the perspective of traditional Mathematics education, the primary goal of schooling has

historically centered on teacher-student interactions in the classroom. Teachers were expected
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to deliver carefully sequenced content through explanation and demonstration, while students
engaged in repetitive practice to memorize facts, procedures, and algorithms, which were then
assessed to measure mastery. This approach emphasized a single, mathematically correct
method for solving problems and guided the pedagogical philosophies of Thorndike and the
back-to-basics advocates (Ellis & Berry, 2005).

Later reform efforts, still within this framework, attempted to foreground the logical structure
and inherent beauty of Mathematics. Proponents of the New Math movement sought to expose
students to conceptual underpinnings, hoping that some would internalize the structure and
thereby gain an advantage in higher-level Mathematics. Meanwhile, social efficiency
progressives promoted practical, context-driven Mathematics for the majority of students,
reserving abstract topics such as algebra and trigonometry for the mathematically elite.
Although alternative reforms occasionally emerged outside these paradigms, they were
generally limited in scope and influence, hlghlfgh‘ﬁlfg the resilience of prevailing educational
assumptions while simultaneously plantmgfw future innovation.

By the 1980s, multiple strands of thought converged to catalyze a paradigm shift in
Mathematics education. Public concern regarding student performance in Mathematics,
coupled with renewed interest from educators informed by research and professional
development initiatives, led to a critical reassessment of teaching and learning (Leitzel, 1991;
Romberg, 1989). Emphasis shifted from rote procedural learning toward understanding how
students develop meaningful mathematical knowledge, incorporating cognitive theories from
Piaget and Bruner (Rosskopf et al., 1971) and recognizing the importance of cultural context
in shaping learning experiences (Ladson-Billings, 1997). This reconceptualization culminated
in the release of the National Council of Teachers of Mathematics (NCTM) Curriculum and
Evaluation Standards for School Mathematics, which advocated for students’ active
engagement with concepts, reasoning, problem-solving, and the articulation of mathematical
arguments (Carpenter & Lehrer, 1999).

Today, the Fifth Industrial Revolution (5IR) is driving a further transformation in Mathematics
education. Characterized by the integration of advanced technologies such as artificial
intelligence (Al), Internet of Things (IoT), cloud computing, robotics, virtual and augmented
reality, and data analytics, the SIR reshapes how societies leverage knowledge to solve complex
problems (Noble et al., 2022; Dou et al., 2023). Within this context, Mathematics education is

no longer limited to static curricula or traditional classroom instruction. Al-enabled adaptive
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learning platforms, intelligent tutoring systems, and virtual simulations allow students to
engage interactively with abstract concepts, fostering reasoning, problem-solving, and
conceptual understanding tailored to individual learning profiles (Attaran, 2023). loT-enabled
classrooms provide real-time monitoring of student performance, enabling educators to make
data-driven instructional decisions and enhance pedagogical effectiveness.

The 5IR also redefines the role of students as active participants in mathematical exploration.
Smart technologies, including Al and VR/AR tools, create immersive learning experiences that
transform abstract ideas into tangible, experiential knowledge (Govender, 2024; Li, 2024).
Students use mobile apps, virtual manipulatives, and location-aware educational technologies
to visualize and interact with mathematical concepts, deepening their understanding of
geometry, algebra, and other critical areas. At the same time, educators leverage Al-powered
analytics to identify learning gaps, personalize instr?((:tion, and cultivate lifelong mathematical
inquiry (Li et al., 2024). A

This paradigm shift signifies a profound rt%j% of Mathematics education: from rote
memorization toward meaningful engagement with concepts, from standardized instruction
toward individualized, data-driven learning experiences, and from static classrooms toward
smart, responsive educational ecosystems. Mathematics is no longer merely a subject to be
mastered but a foundational discipline for computational thinking, algorithmic reasoning, and
interdisciplinary problem-solving in the 5IR. By embracing these innovations, Mathematics
education can equip students with the cognitive tools and adaptive skills necessary to navigate

and thrive in an increasingly complex and technologically mediated world

Mathematics Education in the Fifth Industrial Revolution

As societies navigate the transformative landscape of the Fifth Industrial Revolution,
Mathematics education plays a critical role in sustaining and evolving knowledge systems.
Building on technological innovations such as Al IoT, and data analytics in classrooms,
Mathematics education ensures that foundational mathematical knowledge remains relevant,
accessible, and applicable, while equipping learners with analytical, computational, and
problem-solving skills needed to thrive in a data-driven, interconnected world. It preserves and
transmits essential principles, theories, and methods across generations, while promoting
lifelong learning by providing learners of all ages with access to resources that support

intellectual growth and personal development (Bin Mohamed et al., 2022).
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Beyond knowledge preservation, Mathematics education drives innovation, research, and
digital inclusion. Academic programs and research initiatives provide access to advanced
mathematical theories, computational techniques, and data analysis tools that accelerate
discoveries across science, technology, engineering, and other disciplines (Krainer et al., 2020).
It also bridges the digital divide by equipping learners from diverse backgrounds with
computational and data literacy skills, enabling meaningful participation in the modern
knowledge economy. Mathematics educators serve as facilitators, translating complex
concepts into accessible learning experiences through digital simulations, adaptive learning
platforms, and intelligent tutoring systems. Technologies such as virtual reality, augmented
reality, and cloud computing create immersive, inclusive, and interactive environments,
ensuring that mathematical knowledge is not only preserved but also enriched for future
learners (Semenov et al., 2023).

A central principle of Mathematics educatlonﬁn ﬁfé 5IR is promoting intellectual freedom,
accessibility, and critical thinking. Incluswt@mlogy -enhanced learning environments
encourage creativity, problem-solving, and diverse perspectives, while tools such as e-
textbooks, online courses, open educational resources, and learning analytics make learning
personalized and responsive to individual needs (Drijvers & Sinclair, 2024). Mathematics
education also strengthens learners’ information literacy, teaching them to evaluate data
critically, distinguish credible sources from misinformation, and apply knowledge effectively
in complex digital contexts. By doing so, it functions as a cornerstone of intellectual heritage,
a catalyst for continuous learning, and a pillar for sustaining knowledge systems, extending its
impact beyond classrooms into digital platforms and community initiatives, and ensuring that

mathematical knowledge continues to guide future generations.

The Role of Al in Transforming Mathematics Education

Artificial Intelligence (AI) is transforming Mathematics education by creating more
personalized, adaptive, and data-driven learning environments. In this context, Mathematics
education is conceptualized as the comprehensive process of teaching and learning
Mathematics that integrates content knowledge, pedagogical strategies, and technological tools
to develop students’ mathematical understanding, reasoning, and problem-solving skills. Al
tools in Mathematics education analyze student performance data to deliver customized
lessons, feedback, and assessments that match individual learning needs, helping students stay

engaged and achieve deeper understanding of mathematical concepts (Onesi-Ozigagun et al.,

Faculty of Education, University of Port Harcourt TRES VOL 18(1) 2026 www.tresj.org Page 112



% Ty
,qj( TREND IN EDUCATIONAL STUDIES t&\f;/
JOURNAL (TRESJ) res).org

2024). This personalization supports self-paced learning, remediation of errors, and conceptual
mastery, making Mathematics education more responsive and effective.

Al plays multiple roles in Mathematics education. First, it enhances student learning by
providing immediate feedback, adaptive problem sets, and intelligent simulations that clarify
complex concepts (Chisom et al., 2024). Second, it supports teacher effectiveness by analyzing
classroom data, identifying misconceptions, and suggesting targeted interventions, thereby
enabling teachers to focus on higher-order facilitation rather than routine tasks. Third, Al
promotes mastery learning, ensuring students only progress once they have achieved sufficient
understanding of mathematical topics (Idowu, 2024). Empirical studies show that Al
integration increases student engagement, improves comprehension of challenging concepts,
and allows for differentiated learning experiences tailored to diverse learner profiles (Chisom
et al., 2024; Onesi-Ozigagun et al., 2024).

Despite its potential, Al in Mathematics educafr ofﬁﬁces challenges that must be addressed to
ensure equitable and effective learning. Te%a‘w gudents may struggle to adopt Al tools
without proper training and support, and future Mathematics educators often report anxiety or
low confidence in using Al effectively in the classroom (Falebita, 2024). Ethical concerns also
arise, including data privacy, algorithmic bias, and fairness in access to Al resources (Tang,
2024). Therefore, effective Mathematics education requires not only the integration of Al
technologies but also professional development for educators and institutional policies that
safeguard students and optimize AI’s pedagogical benefits. In this way, Al complements and
enhances Mathematics education while reinforcing the teacher’s central role in guiding

learning and promoting critical mathematical thinking.

Strategies for Integrating Artificial Intelligence in Mathematics Education

The integration of Artificial Intelligence (Al) into Mathematics education is transforming
teaching and learning by enabling personalized, adaptive, and interactive approaches. To
maximize the benefits of Al, educators must adopt clear strategies that align with learning
objectives and ethical considerations.

One key strategy is the use of personalized learning pathways. Al-powered platforms analyze
student performance and adapt instruction to individual strengths, weaknesses, and learning
pace. Adaptive learning systems ensure that content is presented in a way that matches learners’
needs, making Mathematics more accessible and meaningful (Wu & Yu, 2024). Closely related

is the strategy of real-time feedback and assessment, where Al systems instantly evaluate

Faculty of Education, University of Port Harcourt TRES VOL 18(1) 2026 www.tresj.org Page 113



% Ty
,qj( TREND IN EDUCATIONAL STUDIES t&\f;/
JOURNAL (TRESJ) res).org

student responses, identify errors, and provide targeted feedback. Immediate correction
improves learning outcomes and motivates students to engage with challenging mathematical
concepts (Rahman & Watanobe, 2023).

Another important strategy is Al-supported tutoring and problem-solving. Al tutors and
chatbots, such as ChatGPT, simulate one-on-one instruction by providing step-by-step
explanations and interactive dialogue, supporting skill development and fostering engagement
in complex mathematical ideas (Wollny et al., 2021). Educators can also implement intelligent
lesson planning and content generation, using Al tools to design lessons, generate practice
problems, and align materials with curriculum objectives. This strategy allows teachers to focus
more on differentiated instruction and active facilitation in the classroom (Rahman &
Watanobe, 2023).

Al also enables collaborative and project-based learning Students can simulate real-world
scenarios, analyze large datasets, and applyr nf%ematlcal reasoning to problem-solving
contexts, promoting critical thinking, team% Ja‘mfac‘ucal application of knowledge (Wu
& Yu, 2024). Finally, fostering Al literacy and ethical awareness is essential. Teachers require
professional development to use Al responsibly, while students need guidance on ethical, safe,
and effective use of Al tools. This ensures that integration aligns with academic integrity, data

privacy, and responsible decision-making (Rahman & Watanobe, 2023)

Conclusion

The ongoing evolution of Mathematics education in the Fifth Industrial Revolution signifies a
profound paradigm shift from traditional, teacher-centered instruction to dynamic, technology-
enhanced learning ecosystems. Al and other 5IR technologies empower students as active
participants in mathematical exploration, enabling personalized, adaptive, and collaborative
learning experiences that enhance conceptual understanding, reasoning, and problem-solving
skills. For teachers, Al serves as an indispensable tool for professional development,
instructional precision, and data-driven classroom decision-making. By bridging the gap
between human cognition and intelligent technologies, Mathematics education in the 5IR not
only preserves foundational knowledge but also cultivates critical competencies for the modern
knowledge economy, including computational thinking, data literacy, and interdisciplinary
problem-solving. Effective integration requires ethical awareness, professional training, and
equitable access to technological resources to ensure that both students and educators benefit

fully from these innovations. Ultimately, embracing Al-driven pedagogical strategies positions
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Mathematics education as a cornerstone of intellectual development, innovation, and lifelong

learning in an increasingly complex, interconnected, and digitally mediated world

Suggestions
To effectively harness the potential of Artificial Intelligence in Mathematics education within
the Fifth Industrial Revolution, the following should be prioritized:
1. Provide continuous professional development to enhance educators’ competence in
using Al and data-driven tools.
2. Ensure all students have access to Al-enabled platforms and digital learning resources
to reduce inequality.
3. Establish policies addressing data privacy, algorithmic bias, and fairness in Al-
supported learning.
4. Integrate Al skills, computational thinking, and critical digital literacy into the

curriculum. 51
/""

5. Maintain the teacher’s central role tfhaSjn&ggitmg Al to support rather than replace
pedagogy.
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