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Motivation: The Knowledge Principle

A system exhibits intelligent understanding and action at a high level of 
competence primarily because of the specific knowledge that it can bring to 
bear: the concepts, facts, representations, methods, models, metaphors, and 
heuristics about its domain of endeavor (Lenat & Feigenbaum 1987)

• AI needs a large body of knowledge that can be extended by 
natural language processing and machine learning

• The Cyc project aspired to test this empirically, but we do not 
have a conclusive result



Motivation: Verifiable General Knowledge

Resource Expressiveness Real-World Data Common sense License Guarantees

Cyc High Some Yes Restricted Some

Wolfram|Alpha High Yes No Restricted Yes

ConceptNet Limited Some Yes Open Yes

WikiData Limited Yes No Open Yes

LLMs Text Yes Yes Mixed No



Community Vision

• A public utility like knowledge infrastructure



Community Vision

• Multimodal with complete provenance
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Building the Knowledge Infrastructure

Foundational 
Knowledge

Automated
Reasoning

Knowledge
Curation

Evaluation

Education
Modernize KR&R 

teaching conceptual 
modeling skills

Beyond proxy failure 

Expert Interviews
Reasoning Steps

Human in the loop 

automation with 
LLMs

Deductive, Causal, 

scaling with context
Leverage existing 

work on time, space, 
causality, …



Need better ways to measure AI Knowledge



Need Better Ways to Measure Knowledge

• AIs can do well on standardized exams but fail in real-world
• Proxy-Failure

• Expert interacting with an AI over an extended period of time
• Panel of Experts

• Set up a system to conduct expert interviews on scale





How do we modernize KRR Education?

• Problem: A field in decline
• Current practice

• Deficiencies

• Call to action



Current Practice for teaching KRR

• Embedded as part of a larger 
course

• Advanced electives 
• KRR, Computational Logic, Logic 

Programming

• Innovative Practices
• Northwestern, Cycorp, Wright 

State, UT Dallas

Image Credit: Nano Banana



Deficiencies in teaching KRR 

• Outdated/negative textbook 
coverage

• Lack of real-world connection

• Missing conceptual modeling 
skills

• Philosophical framing

Image Credit: Nano Banana



Call to Action

• Provide modular teaching 
segments
• Reusable with pedagogical 

support for tools, lectures, grading

• Address Practicality
• Why care, linkage into other CS 

courses

• Broaden the scope
• Engage with AI literacy efforts, KR 

body of knowledge, education at 
all levels

Image Credit: ChatGPT
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Proof of Concept Study

Improve robotic planning using a spatial reasoner

Structured knowledge for causal reasoning

Action Libraries for generalizable skill learning



Example POC: Action Libraries for Robots

• Manufacturing robots routinely 
use physical actions
• Pickup, Grasp, Pour, Tilt, etc.

• Significant prior work exists in 
modeling actions 
• Answer set programming, Plan 

Description Language

Image Credit: Nano Banana



Example POC: Action Libraries for Robots

• Research Question: How can an action library be plugged into the 
perception/action loop of a robot?
• Semantic definitions of actions

• A knowledge module that codifies actions and properties

• Interfacing symbolic knowledge of actions with the neural layer of a robot



Three Additional Workshops



Knowledge Graphs for Education 

• The Disruption

• The Paradox

• The Path Forward



Khanmigo

Khan Academy's AI tutor. Uses 

Socratic methods to prompt 

critical thinking rather than giving 

answers. Contextually aware with 

plans for better memory.

Google LearnLM

Partnership with OpenStax. 

Transforms static textbooks into 

interactive Notebooks. Generates 

overviews, mind maps, and 

quizzes automatically.

LeanTutor

A formal approach using the Lean 

theorem prover. Verifies 

mathematical proofs and offers 

guidance. High accuracy but 

limited scope for now.

The Disruption: A new breed of Edtech 



Khanmigo

Lacks diagram and visual 

support essential for complex 

topics

Google LearnLM

Can suffer from ambiguous, 

verbose, and sometimes 

erroneous answers

LeanTutor

Reconstructed correct proofs 

in about 57% of cases 

Detected faulty reasoning in 

another 30%

The Paradox: Chatbot ≠ Better Learning



The Path Forward: Infuse Knowledge

• Let us not curb LLMs, but ground them in structured knowledge

• By infusing knowledge, we can move from mimicry to genuine  
mentorship



Personalization 
Knowledge

Digital Promise’s Learning 

Variability Navigator maps 

cognitive, social-emotional, 

and contextual factors to 

specific teaching strategies.

Knowledge of Standards

Learning Commons' 

Knowledge Graph provides a 

shared, semantic structure 

linking academic standards, 

curricula, and learning 

outcomes.

Knowledge Tracing

Knowledge to track if a student 

has learned/mastered a topic

What Knowledge?



Evaluate & Calibrate

Systematically assess LLM tools 

(like OpenStax Notebooks) for 

factual accuracy, instructional 

coherence, and 

personalization.

Expand Existing 
Education KGs

Develop a domain-specific KG for 

middle school biology. Link 

concepts and standards to allow 

conceptual navigation.

Scale for Higher Ed

Construct KGs for the entire 

OpenStax library using LLMs 

for drafting and experts for 

validation. Anchor active 

learning.

Three Opportunities
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How can we work together?

• Map out a strategy for engaging the US2TS community

• Help co-design the Hugging Face for Knowledge

• Help co-create the knowledge resource
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