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Introduction to Agentic AI

What is Agentic AI?

Agentic AI refers to AI systems that can autonomously reason,
adapt, and act to achieve specific goals with minimal human
intervention. Unlike traditional reactive AI, agentic systems are
proactive, making decisions and taking actions based on context
and learned behaviors.

Key Characteristics

 Autonomy
Operates independently, making decisions without continuous human
oversight.

 Reasoning & Adaptability
Analyzes situations, adapts to changing circumstances, and learns from
interactions.

 Proactivity
Anticipates needs and takes initiative rather than just responding to
commands.

 Context Understanding
Comprehends and responds to complex situations with contextual
awareness.

 "Agentic AI bridges the gap between passive tools and active learning partners, transforming how we approach education."
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Key Components of Agentic AI

How Components Work Together in Mathematics Learning
In mathematics education, Agentic AI integrates these components to create a personalized learning experience. The system perceives
student approaches to math problems, reasons about appropriate learning paths, acts by providing customized explanations, learns from
student interactions to improve future support, remembers individual learning histories, and communicates in ways that match each
student's level of understanding.


Perception

Interprets student inputs
& learning patterns


Reasoning

Analyzes problems &
develops solutions


Action

Delivers personalized
math content &

feedback


Learning

Adapts to student
progress & preferences


Memory

Stores student history &
math knowledge base


Communication
Interacts with students

& teachers


Agentic AI

Core System
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Agentic AI vs Traditional AI in Education

 Traditional AI  Agentic AI

Reactive Responses
Responds only to direct queries with pre-programmed
answers

VS
Proactive Engagement
Anticipates needs and initiates assistance based on learning
patterns

Fixed Pathways
Follows predetermined educational paths regardless of
student progress

VS
Adaptive Learning
Dynamically adjusts content difficulty and approaches based
on performance

Generic Feedback
Provides standardized responses to right/wrong answers

VS
Personalized Guidance
Offers individualized explanations based on specific
misconceptions

Human Dependency
Requires frequent teacher intervention for adjustments

VS
Autonomous Operation
Makes independent decisions about learning interventions

 Example in Mathematics Learning
Traditional AI might offer a fixed set of algebra problems in sequence, while Agentic AI identifies that a student struggles with factoring quadratics, provides
targeted practice, recognizes improvement, and then automatically advances to more complex applications when ready.

netramanandhar
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The Role of Agentic AI in Mathematics Education

Transforming Mathematical Learning
Agentic AI is revolutionizing mathematics education by providing
personalized, adaptive, and interactive learning experiences. By acting
autonomously to guide students through mathematical concepts, it
addresses common challenges like math anxiety, skill gaps, and the need
for individualized instruction.

 Personalized Problem Solving
Analyzes student approaches to math problems and generates customized
learning paths with targeted problem sets matching individual skill levels.

 Intelligent Mathematical Tutoring
Provides step-by-step guidance, detects specific misconceptions in
mathematical reasoning, and offers just-in-time support.

 Concept Visualization
Creates dynamic visualizations of abstract mathematical concepts,
adapting representations to match students' conceptual understanding.

 Mathematical Progress Monitoring
Continuously assesses mathematical proficiency, identifies learning gaps,
and autonomously adjusts instruction to address specific needs.

 Real-World Application
In a classroom using agentic AI for algebra instruction, the system noticed that 73% of students struggled with factoring polynomials. It automatically
generated additional practice problems, provided customized hints, and created interactive visualizations showing the relationship between factors and
graphs, resulting in a 42% improvement in performance.
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Key Features of Agentic AI in Mathematics Learning



Autonomy
Makes independent decisions about

mathematical content delivery and difficulty
without constant human intervention.



Personalization
Tailors mathematical problems and

explanations to each student's learning style,
pace, and knowledge level.



Adaptive Learning
Dynamically adjusts instruction based on real-
time performance and evolving mathematical

comprehension.



Proactive Intervention
Identifies potential mathematical

misconceptions before they become issues
and provides preemptive support.



Multi-representational Learning
Presents mathematical concepts using

multiple representations (visual, symbolic,
numerical) to strengthen comprehension.



Continuous Assessment
Constantly evaluates mathematical
understanding through integrated

assessments, without disrupting the learning
flow.

 Practical Application
When a student repeatedly makes errors in simplifying fractions, an agentic AI system autonomously identifies the specific error pattern, provides targeted
visual representations of equivalent fractions, and dynamically generates practice problems that gradually increase in complexity until mastery is achieved—all
without requiring manual teacher intervention.
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How Agentic AI Transforms Math Learning
#1: Personalized Learning

Benefits of Personalization
 Increased engagement with mathematics through relevance

 Faster mastery of concepts at individual pace

 Reduced math anxiety through appropriate challenge levels

 Deeper conceptual understanding through tailored approaches

 Case Study: Middle School Algebra
In a pilot program, an agentic AI system identified that students learned quadratic equations more effectively when presented through different
approaches: 42% learned best through graphical visualization, 35% through practical word problems, and 23% through step-by-step algebraic derivations.
By tailoring instruction to these preferences, mastery rates improved by 31% compared to traditional unified instruction.

Comprehensive Assessment
Agentic AI continuously analyzes a student's mathematical knowledge,
learning speed, and problem-solving approaches through dynamic
assessments.

1

Custom Learning Path Creation
Autonomously designs individualized mathematical learning trajectories,
selecting optimal content sequences based on student's unique profile.

2

Adaptive Content Delivery
Dynamically adjusts problem difficulty, provides tailored explanations,
and presents math concepts in ways that match preferred learning styles.

3

Real-time Optimization
Continuously refines the learning experience based on performance data,
ensuring optimal challenge level for mathematical growth.

4
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How Agentic AI Transforms Math Learning
#2: Interactive Engagement

 Dynamic Dialogue
Engages students in natural conversations about mathematical concepts,
allowing them to ask questions, receive explanations, and discuss
problem-solving approaches in real-time.

 Gamified Learning
Transforms mathematical practice into engaging challenges with adaptive
difficulty, rewards, and storylines tailored to student interests and learning
objectives.

 Interactive Visualizations
Creates manipulable representations of mathematical concepts that
respond to student input, allowing exploration of relationships and
properties through direct interaction.

 Collaborative Problem Solving
Facilitates group work by monitoring contributions, suggesting roles
based on strengths, and providing targeted support to optimize
mathematical collaboration.

Interactive Dialogue Example

 Real-World Impact
A high school in Singapore implemented an agentic AI math learning
system with strong interactive features. Students showed 28% higher
engagement rates and spent 42% more time voluntarily practicing
mathematical concepts compared to traditional methods. The
system's ability to provide immediate, personalized responses to
student inquiries was cited as the most valuable feature by 87% of
participants.

I'm confused about how to solve this
quadratic equation: x² - 5x + 6 = 0

Let's approach this step by step. We can solve it
by factoring. Since x² - 5x + 6 = (x-a)(x-b), we
need to find values a and b where a+b=5 and
a×b=6.

I'm not sure how to find those values.

Let's try some pairs that multiply to 6: (1,6), (2,3).
Since 2+3=5, our factors are (x-2)(x-3)=0. Would
you like to see a visual representation of this?

Yes, that would help!

netramanandhar
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How Agentic AI Transforms Math Learning
#3: Skill Development

 Computational Fluency

Builds computational speed and accuracy
through personalized practice sessions that
adapt to a student's specific weaknesses.

Improvement Rate 78%

 Mathematical Reasoning

Develops logical thinking by guiding students
through progressively complex problem-
solving scenarios with adaptive hints.

Improvement Rate 65%

 Pattern Recognition

Enhances ability to identify mathematical
patterns through interactive visualizations and
scaffolded discovery activities.

Improvement Rate 82%

 Mathematical Communication

Improves ability to articulate mathematical
ideas by encouraging explanation of solutions
and providing feedback on clarity.

Improvement Rate 59%

 Mathematical Modeling

Develops ability to apply mathematics to real-
world scenarios through contextualized
problems with multiple solution paths.

Improvement Rate 71%

 Self-Regulation

Fosters metacognitive awareness and self-
directed learning through goal-setting tools
and progress tracking dashboards.

Improvement Rate 68%

 Case Study: Advanced Math Skills Development
A high school implemented an agentic AI system for calculus instruction. The system identified specific skill gaps for each student and created targeted
developmental exercises. Students who used the system for one semester showed an average 34% improvement in problem-solving speed and a 47%
increase in their ability to apply calculus concepts to novel situations compared to the control group.
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Real-World Examples of Agentic AI in Math Education #1

Khan Academy's Khanmigo

Deployed in 2023-24

AI-powered tutor reaching millions of students globally

Agentic Capabilities

 Provides step-by-step guidance through complex problems with
adaptive hints

 Identifies specific misconceptions and adjusts explanations
accordingly

 Initiates Socratic questioning to develop deeper mathematical
thinking

Impact
Students using Khanmigo show 31% better retention of mathematical
concepts and 27% higher completion rates for challenging problems
compared to traditional tutoring.

Carnegie Learning's MATHia

Used in 2,500+ schools

Intelligent math learning software with agentic capabilities

Agentic Capabilities

 Creates personalized learning pathways based on real-time
performance analysis

 Autonomously adjusts problem complexity and scaffolding

 Tracks cognitive development across multiple mathematical skills

Impact
Schools implementing MATHia report a 42% increase in standardized
test scores and significant reduction in achievement gaps between
demographic groups.

 "The agentic AI system doesn't just show students how to solve math problems—it understands their individual thinking processes and
adapts in real-time. I've seen students who previously struggled with algebra become confident problem-solvers because the system
identified exactly where their conceptual understanding broke down and addressed it."

— Dr. Elena Rodriguez, Mathematics Department Chair, Lincoln High School
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Real-World Examples of Agentic AI in Math Education #2

University of Michigan's AI Virtual TA

Launched 2025

Advanced AI assistant for college-level mathematics

Agentic Capabilities

 Acts as a practice partner, providing guidance through complex
calculus and linear algebra problems

 Dynamically generates mathematical explanations at varying levels of
depth based on student needs

 Identifies and addresses advanced mathematical misconceptions in
real-time

Impact
Students with access to the Virtual TA showed a 28% improvement in
test scores and reported 35% higher confidence levels in approaching
difficult mathematical concepts.

Knomadix AI K-12 Mathematics Platform

Deployed in 350+ schools

Proactive AI solution for K-12 math education

Agentic Capabilities

 Uses self-improving Knowledge Agents that get smarter with each
student interaction

 Provides 1:1 human-like support through intelligent mathematical
dialogue

 Autonomously identifies skill gaps and creates targeted remediation
plans

Impact
Schools implementing the platform report 42% reduction in
administrative workload for teachers and 38% improvement in
standardized math assessment scores.

 Case Study: Oakridge Middle School
After implementing an agentic AI math learning system, Oakridge Middle School saw significant improvements across all student demographics. The
system identified that 68% of struggling students had specific gaps in fraction operations. By creating targeted interventions with dynamic visualizations,
the AI helped close this gap for 82% of affected students within one semester. Teachers reported that the system's ability to autonomously diagnose and
address learning obstacles freed up 15+ hours per week for higher-level instruction.
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Benefits for Students

 Personalized Learning Journey
Agentic AI tailors math content and pacing to each student's
unique learning style, strengths, and challenges, ensuring optimal
engagement and comprehension.

 Immediate Feedback Loop
Students receive instant, constructive guidance on their
mathematical work, allowing them to correct misconceptions
before they become ingrained.

 Reduced Math Anxiety
The judgment-free environment and adaptive support helps
students build confidence as they tackle challenging
mathematical concepts at their own pace.

 Always Available Assistance
Students can access mathematical help anytime they need it,
eliminating the frustration of being stuck on problems outside of
class hours.

 Engaging Interactive Experiences
Dynamic visualizations, gamified challenges, and interactive
explorations make abstract mathematical concepts tangible and
memorable.

 Multiple Representation Formats
Concepts are presented in various formats (visual, symbolic,
verbal) to accommodate different learning preferences and
strengthen understanding.

Maya L.
10th Grade Student

 "I used to struggle with math and would get stuck on homework for
hours. With the AI math tutor, I can get help exactly when I need it. It
explains things in different ways until I understand, and never makes
me feel bad for making mistakes. My confidence in algebra has
improved so much this year!"

87%
of students report increased math confidence

after using agentic AI systems

42%
average improvement in problem-solving speed

and accuracy

3.5×
increase in voluntary practice time compared to

traditional homework
netramanandhar
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Benefits for Teachers

 Streamlined Administrative Work
Automates grading, assessment creation, and progress tracking,
reducing administrative burden by up to 40% and allowing more
focus on teaching.

 Actionable Analytics
Provides detailed insights into student performance, identifying
specific math concepts where individuals or groups need
additional support.

 Effortless Differentiation
Automatically creates differentiated math materials for varying
ability levels, making it realistic to meet diverse student needs
simultaneously.

 Rich Content Generation
Creates customized math worksheets, examples, and practice
problems aligned with curriculum goals and tailored to
classroom needs.

Grading: 4.5 hrs

Content Creation: 3 hrs

Progress Tracking: 2.5 hrs

Intervention Planning: 2 hrs

Mr. James Wilson
Middle School Math Teacher

 "Before using agentic AI, I spent countless hours grading and
creating differentiated materials. Now the system handles these
tasks, giving me back precious time to work directly with students.
The insights it provides help me identify exactly which concepts need
reinforcement, making my teaching more targeted and effective."

 Teaching Assistant Partnership
Acts as a reliable teaching partner that can work with groups of
students while the teacher provides targeted instruction to
others.

12+
hours/week

Average time saved
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Benefits for Educational Institutions

$ Cost Efficiency

Reduces resource allocation needs through
automated tutoring and support, lowering the
cost-per-student for mathematics education.

Average cost reduction 32%

 Improved Outcomes

Enhances institutional performance metrics
with higher math proficiency rates, better
standardized test scores, and increased STEM
enrollment.

Math proficiency increase 28%

 Scalable Solutions

Enables high-quality math education at scale,
maintaining personalized learning experiences
regardless of class size or resource constraints.

Student-to-support ratio 1:1

 Data-Driven Decisions

Provides comprehensive analytics on mathematical learning patterns
across the institution, enabling informed curriculum adjustments and
resource allocation.

 Competitive Edge

Positions the institution as a forward-thinking leader in educational
technology, attracting tech-savvy students and innovative faculty.

 Equitable Access

Reduces achievement gaps by providing consistent, high-quality math
support to all students regardless of background or prior preparation.

Institutional Performance Metrics After Implementation

Math Course Pass Rates 89%

Previous: 72% +17%

STEM Program Enrollment 64%

Previous: 48% +16%

Student Satisfaction 92%

Previous: 65% +27%

Case Study: Westfield Academy
After implementing agentic AI for mathematics learning, Westfield Academy saw a
35% reduction in math support costs while simultaneously achieving their highest
state assessment scores in a decade. Math department faculty reported being able
to focus on higher-level instruction while the AI system handled foundational skill
building.

netramanandhar



Slide 16 of 20

Challenges in Implementing Agentic AI in Math Education

$ Cost and Infrastructure
Implementing agentic AI systems requires significant initial investment
in technology, infrastructure, and ongoing maintenance.

  Phased implementation approach

 Teacher Training and Adoption
Educators need comprehensive training to effectively integrate
agentic AI into their teaching practices and overcome potential
resistance.

  Teacher-centered PD programs

 Data Privacy and Security
AI systems collect extensive student data, raising concerns about
privacy protections, data ownership, and compliance with
regulations.

  Robust data governance frameworks

 Digital Divide
Unequal access to technology and internet connectivity can
exacerbate educational disparities when implementing AI solutions.

  Equity-focused resource allocation

 Curriculum Integration
Aligning agentic AI tools with existing math curricula and educational
standards presents significant pedagogical challenges.

  Curriculum mapping partnerships

 Algorithmic Bias
AI systems may perpetuate or amplify existing biases in educational
content, assessment approaches, or learning recommendations.

  Regular bias audits and diverse training data

 Over-reliance on Technology
Students may become dependent on AI assistance, potentially
undermining the development of independent mathematical
thinking.

  Balanced implementation frameworks

Research Insights

According to a recent survey of 250 educational institutions implementing
agentic AI in mathematics:

73% identified teacher training as their biggest challenge

65% expressed concerns about data privacy

58% struggled with equitable access to technology

41% reported difficulty integrating with existing math curricula

netramanandhar
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Ethical Considerations


Data Privacy & Protection

Ensuring secure handling of student
mathematical performance data, transparent

data policies, and compliance with
educational privacy regulations.


Fairness & Bias Mitigation

Identifying and addressing algorithmic biases
in mathematical problem presentation,
solution assessment, and learning path

recommendations.


Student Agency & Autonomy

Balancing AI assistance with opportunities for
independent mathematical thinking and

student-directed problem-solving.

 Transparency & Explainability
Making AI decision processes understandable for students and
teachers. Students should know when they're interacting with AI and
how it evaluates their mathematical work.

 Digital Equity & Inclusion
Ensuring equitable access to AI-enhanced math learning
opportunities across socioeconomic backgrounds, abilities, and
geographical locations.

 Human Oversight & Governance
Maintaining appropriate teacher oversight of AI systems and
establishing clear governance structures for reviewing and improving
mathematical AI implementations.

Ethical Framework for Math AI Implementation

Case Study: Ethical AI Math Tutor

A leading educational institution implemented an agentic AI math
program with built-in ethical guardrails. The system includes transparent
explanations of AI recommendations, regular algorithmic audits to detect
bias in problem selection, and privacy controls allowing students to opt-
out of data collection while still receiving assistance. Teachers receive
regular reports on AI interventions, maintaining human oversight of the
learning process.

Conduct privacy impact
assessments

Establish data minimization
practices

Perform regular bias audits Create diverse training
datasets

Provide AI literacy education Design for accessibility

Allow AI opt-out options Maintain human-in-the-loop
systems

netramanandhar
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Future Trends in Agentic AI for Mathematics Education


Immersive Mathematical Worlds
Integration of agentic AI with AR/VR technologies to create
immersive mathematical environments where students can
physically interact with abstract concepts, manipulate 3D
geometric objects, and explore mathematical landscapes.


Emotionally Intelligent Math Tutors
Next-generation AI tutors capable of detecting subtle
emotional cues through facial expressions and voice patterns,
responding with empathy to math anxiety and adjusting
teaching approaches based on student emotional states.


AI-Teacher Co-Pilot Systems
Sophisticated collaboration between human teachers and AI
agents, where AI systems handle personalized instruction
delivery while teachers provide human connection and creative
problem-solving guidance.


Global Math Collaboratories
AI-facilitated global learning environments where students from
different countries collaborate on mathematical challenges, with
real-time translation and cultural context adaptation provided
by agentic systems.

Neuroadaptive Mathematics
Integration of brain-computer interfaces with agentic AI to
monitor cognitive load and attention during mathematical
problem-solving, adjusting content delivery based on neural
feedback.


AI-Enhanced Mathematical Creativity
Agentic systems that foster mathematical creativity by
suggesting novel problem approaches, generating unique
mathematical challenges, and recognizing innovative solution
methods.

Expected Implementation Timeline

2025-2026
Enhanced AI-

Teacher
Collaboration

2026-2028
Advanced Emotional

Intelligence

2028-2030
Immersive AR/VR Math

Environments

2030-2032
Global Learning

Networks

2032+
Neuroadaptive

Systems

netramanandhar



Slide 19 of 20

Getting Started with Agentic AI in the Math Classroom

Implementation Roadmap
  Recommended AI Math Platforms

  Khan Academy's Khanmigo   Carnegie Learning's MATHia

  Knomadix AI   Microsoft AI Math Tutor   GeoGebra AI

  Microsoft Copilot for Education

  Best Practices

 Provide initial training for both teachers and students on AI platform
use

 Establish clear guidelines for when and how AI tools should be used

 Regularly review AI-generated insights to inform your teaching

 Balance AI-assisted learning with human interaction and collaboration

 Create a feedback loop to continuously improve implementation

 Success Story: Westlake Middle School
"We started with just one 8th grade class using agentic AI for algebra. The implementation was so successful—with students showing a 34%
improvement in problem-solving proficiency—that we expanded to all mathematics classes within one semester. The key was starting small, providing
adequate teacher training, and focusing on specific learning goals rather than trying to use AI for everything at once."

— Dr. Michael Chen, Mathematics Department Chair

Needs Assessment
Identify specific mathematics learning challenges in your classroom that
could benefit from agentic AI support, such as differentiation needs or
skill gaps.

Platform Selection
Choose appropriate AI tools based on grade level, curriculum alignment,
and specific mathematical content areas that need enhancement.

Start Small
Begin with a limited pilot implementation focusing on one mathematical
unit or concept, allowing time to learn the system and gather feedback.

Gradual Integration
Methodically expand implementation based on success metrics,
incorporating AI into more aspects of mathematics instruction over time.

1

2

3

4
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Netra Kumar Manandhar
PhD Scholar in AI in Education

 netra@kusoed.edu.np  nkmanandhar.com.np
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"Committed to exploring how agentic AI can transform mathematical education, making it
more personalized, engaging, and accessible for all learners."

Key Takeaways

  Agentic AI brings autonomy, adaptability, and
personalization to mathematics learning

  Students benefit from personalized learning paths and
immediate feedback

  Teachers gain valuable time and insights to enhance
their teaching effectiveness

  Implementation requires careful planning, training,
and ethical considerations

Ready to explore how agentic AI can transform mathematics education in your context?
Let's connect and discuss potential collaborations and implementations!
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