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Advancing Human-Machine Systems in Education: Socratic Al Tutoring for Personalized Math Education
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Duration

TWO-Hours

Structure

This 2-hour tutorial will be divided into four sections, each covering a critical aspect of Socratic Al tutoring for K12
math. The session will include a combination of lectures, hands-on activities, and discussions to provide attendees
with both theoretical foundations and practical experience.

1. Error-Aware Information Retrieval: Al-Powered Analysis of Student Errors (40 min)
o How Al detects where and why students struggle by analyzing student drafts during problem-solving.
e Understanding common math errors and how Al can pre-cache error patterns to enhance guidance.

2. Designing Socratic-Style Al Prompts for Interactive Conversations (30 min)
e How to design Al prompts that guide students through solutions step by step without directly providing
answers.

3. Early-Stopping Mechanisms and Conversational Evaluation (40 min)
e Introduction to early-stopping mechanisms for promoting meaningful conversations and penalizing un-
healthy ones.
e Detailed discussion of the six elements of our Al conversation evaluation framework.

4. Case Studies, Discussion, and Future Directions (10 min)
e Showcase of successful and problematic Al-student interactions, analyzing what worked and what didn’t.
e Open discussion on challenges, future improvements, and broader impacts of Al-driven Socratic tutoring.
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Outline

As Al-driven educational systems advance, the challenge lies in designing human-machine interactions that are peda-
gogically effective, adaptive, and socially responsible. This tutorial introduces Socratic Al Tutoring, a structured Al-
human conversation framework for K12 math education that engages students in interactive, step-by-step guidance
to understand and correct their mistakes—rather than merely receiving answers. By leveraging pre-cached error at-
tribution from draft analysis, Al tutor is already aware of where and why students struggle before initiating dialogue,
enabling personalized and targeted interventions. This tutorial is highly relevant to IEEE SMC 2025, aligning with Hu-
man-Machine Systems and Cybernetics by showcasing how Al can facilitate structured, adaptive learning through real-
time interaction and reasoning. Our system employs a systematic evaluation framework, assessing Al-led conversa-
tions across six pedagogical dimensions, and integrates robust control mechanisms to ensure safe and meaningful
dialogue. With automated conversation scoring, moderation filters, and adaptive engagement strategies, this frame-
work exemplifies how cybernetic principles can be applied to Al-based education. Attendees will gain insights into Al-
driven Socratic tutoring, error attribution, conversational assessment, and moderation techniques, contributing to the
future of adaptive, intelligent learning systems. This tutorial is ideal for researchers, educators, and practitioners inter-
ested in human-machine collaboration, cybernetic learning models, and responsible Al-driven education.



