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Timeline of AI for advising research from the lab:

• 2015: Two NSF grants awarded to apply AI to higher education

• 2016: First prototype of a course guidance system (AskOski.com) was released at UC Berkeley

• 2019: Development began on an Open Adaptive Tutoring System deployed at Missions College

• 2020: AI for transfer collaborations began with CUNY, SUNY, and the CA Community Colleges

Computational Approaches to

Human Learning Lab (CAHL) 

.com



What is AI?

Artificial Intelligence > Machine Learning > Statistical Model > Neural Networks 

Game Play Driving Translation Natural language

Anything that pushes the boundary between the tasks that 

computers are good at and the tasks that only humans are good at



Bloom (1984) 

How good are humans at one-on-one tutoring?

https://doi.org/10.3102/0013189X013006004


?

Corbett (2001) – “Cognitive Computer Tutors: Solving the 

Two-Sigma Problem” (Intelligent Tutoring Systems approach)

Where’s the open source

https://doi.org/10.3102/0162373713507480
https://doi.org/10.1007/3-540-44566-8_14


Openmovements and exemplar systems

OATutor

Creative Commons

Open Source

Massive Open
Online Courses

Open Educational 
Resources

Adaptive

Open Data



OATutor

Road image generated by DALL-E 2



OATutor

Road image generated by DALL-E 2

Research through Design
(Zimmerman, et al, 2007) 

Proprietary state

Open state

Three-year fielding and 
iterative development

1 community college
7 math classrooms

1 pilot teacher
4 pilot researchers
25 content authors

Pardos et al. (2023)

https://doi.org/10.1145/3544548.3581574


California Policy Relevance

• AB 1705 / 705 – Effectively eliminates remedial English and Math classes

• AB 1187 – Expands access to tutoring at community colleges

• Significant UC wage increases to TAs after labor union negotiation

Can OATutor be beneficial in these scenarios?



System



# ITS Principle

1 Represent student competence as a 
production set 

2 Communicate the goal structure underlying 
the problem solving

3 Provide instruction in the problem-solving 
context

4 Promote an abstract understanding of the 
problem-solving knowledge 

5 Minimize working memory load 

6 Provide immediate feedback on errors

7 Adjust the grain size of instruction with 
learning

8 Facilitate successive approximations to the 
target skill

Features based on eight ITS 
Principles 
(Anderson, Corbett, Koedinger, & Pelletier, 1995)

Open Adaptive Tutor student interface

Knowledge tracing 

(Corbett & Anderson, 1994)

https://psycnet.apa.org/doi/10.1207/s15327809jls0402_2
https://doi.org/10.1007/BF01099821


Open Source



(23 chapters, 52 lessons)(31 chapters, 199 lessons)

Completed: In Progress:

Content curation process

Adapted from



OATutor Project Content Team



Methods



Research through Design Process

Content Creators Teachers Researchers

4 pilots over 7 course 
offerings 

25 undergraduate 
students

2 undergraduates 
and 2 PhD candidates 

● Co-design meetings
● Interview
● Student feedback via LMS 

● Weekly meetings
● Survey 

● Advising meetings
● Interview

Data Collection: Data Collection: Data Collection:



Data collection methods: survey, semi-structured interviews with follow-up, meeting notes

Timeline



Results



CA

Content Authors

Authoring survey results (Self-report) 
● Average time to complete training course

○ 2.27 hours (SD = 1.10)

● Average time to create problem
○ 11.03 min (SD = 9.11)



Elementary Algebra Learning Objective:
Solve Equations Using the Subtraction and Addition Properties of Equality

Intermediate Algebra Learning Objective: 
Solve linear equations using a general strategy

L

Learners

Learning Gain Results
● Based on 77 crowdsourced learners 



T1

Teacher

Features lack consistency with other web-based platforms, such as 
a detailed dashboard



https://cahlr.github.io/OATutor/static/documents/OATutor_Sec508_WCAG.pdf

D1T1
Accessibility compliance under Section 508 is a requirement for 

software regularly used in classrooms 

DeanTeacher

https://cahlr.github.io/OATutor/static/documents/OATutor_Sec508_WCAG.pdf


Workshops / Tutorials
July 7th (full day) @ Artificial Intelligence in Education
Conducting Rapid Experimentation with an Open-source 
Adaptive Tutoring System

July 20th (half day) @ Learning at Scale 
Introducing an Open-Source Adaptive Tutoring System 

to Accelerate Learning Science Experimentation

September 5th (half day) @ ECTEL
Introducing an Open-Source Adaptive Tutoring System 

to Accelerate Learning Science Experimentation

September 19th (half day) @ KTH
Introducing an Open-source Adaptive Tutoring System 

to Accelerate Learning Sciences Experimentation

OATutor.io (technical tutorial)

http://oatutor.io/


Discussion / Future Directions

• Increasing adaptivity to teachers

• Localization / Multi-lingual content

• Generative AI



Challenge: Content production was EXPENSIVE

• Creating each adaptive textbook took the 
equivalent of one year of an FTE

• This is a problem for scaling and further 
personalizing adaptive tutoring



Experiments using Generative AI/Large 

Language Models to create educational content

Generative-AI for Tutoring
Pardos, Z. A., & Bhandari, S. (2023). Learning gain differences between ChatGPT and human tutor 
generated algebra hints. arXiv preprint arXiv:2302.06871.A

https://arxiv.org/abs/2302.06871


Manual,
human-generated
(control)



ChatGPT
generated
(experiment)



Time efficient to produce - took ~30s to quality check each hint
Often wrong - 30% of hints were incorrect (filtered out of study)
Produced positive learning gains
Human tutor hints produced higher gains

Result of Learning Gain Study



Reducing AI-aversion in higher ed credit approval
Xu, L., Pardos, Z. A., & Pai, A. (L@S 2023)

Generative AI produces math problems with similar 
properties as gold standard textbook problems
Bhandari, Liu, & Pardos (NeurIPS 2023)

Educational pathways and AI advising
Pardos & Nam (PONE 2020), 
Shao et al. (AAAI 2021), 
Kizilcec et al. (Science 2023) 

Other related work from our lab

https://doi.org/10.1145/3573051.3593378
https://gaied.org/neurips2023/files/44/44_paper.pdf
https://doi.org/10.1371/journal.pone.0233207
https://doi.org/10.1609/aaai.v35i17.17751
https://doi.org/10.1126/science.adg5406


AI for Articulation
Pardos, Z. A., Chau, H., Zhao, H. (2019) Data-Assistive Course-to-Course 
Articulation Using Machine Translation. In J. C. Mitchell & K. Porayska-
Pomsta (Eds.) Proceedings of the 6th ACM Conference on Learning @ Scale
(L@S). Chicago, IL. ACM. *Best paper award*

AI for Transfer Wayfinding
Shao, E., Guo, S., & Pardos, Z. A. (2021) Degree Planning with PLAN-BERT: 
Multi-Semester Recommendation Using Future Courses of Interest. 
In Proceedings of the AAAI Conference on Artificial Intelligence (Vol. 35, No. 
17, pp. 14920-14929).

https://doi.org/10.1145/3330430.3333622
https://doi.org/10.1609/aaai.v35i17.17751


Course-to-Course Articulation

32

?

Taking these courses at Institution A is often required to qualify for transfer to Institution B

Courses at Institution A

Sophomore course
at Institution B

Which course (if any) at Institution A is academically equivalent to a course at Institution B?



California Policy Relevance

• AB 1111 – Requires the creation of a common course numbering system 
across the 116 community colleges

• AB 928 – Requires the CSU and UC segments to agree on a  set of shared 
general education requirements for smoother transfer from CCCs

Can AI articulation and wayfinding be beneficial in these scenarios?



Introduction

The California post-secondary system alone has:

• 116 2-year California Community Colleges (CCC)

• 23 California State Universities (CSU)

• 9 University of California campuses (UC)

• An “Upward-Mobility Machine” (NYT 2015)

The number of articulations to consider between 1 CCC and 1 UC:

35,000 (50*20*35)

The Challenge of Articulation

Comprehensive articulation cannot be established and maintained purely by hand

36M between all CCCs and UCs

+ the CSUs, private schools, out of state schools

+ new courses introduced every term



AI for Articulation

Title: Data Structures (CS 61B)
Catalog description: Fundamental dynamic data
structures, including linear lists, queues, trees, and
other linked structures; arrays strings, and hash
tables. Storage management. Elementary principles
of software engineering. Abstract data types.
Algorithms for sorting and searching. Introduction to
the Java programming language.

Is this Berkeley course equivalent 
enough to any course at Laney College?

Title: Data Structures and Algorithms (CIS 27)
Catalog description: Use of abstract forms of data
in programming: Concepts, and implementation
and applicability of different forms of data to
various programming problems

Match?

Corroborating course information also extracted from enrollment histories



Inferring information about courses from 
enrollment patterns

Pardos Z. A., Nam A. J. H. (2020) A university map of course 
knowledge. PLoS ONE 15(9): e0233207. 

• Course relationships predicted with 51% accuracy (Jiang & Pardos, 2020)
• Comparable to the 61% obtained by Mikolov in word analogies (w/1B words)

https://doi.org/10.1371/journal.pone.0233207


AI for Articulation and 
Personalized Degree Wayfinding

Algorithmic State of the Art Policy State of the Art

• 70% Accurate using methods from 2013
• Substantial increase in accuracy

using contemporary techniques
• Ready for prime time

• Addressing the role of faculty 
and stuff in adjudicating articulations
(Xu, Pardos, Pai, 2023)

• Software workflow integration
• Still being developed through 

real-world deployments

https://doi.org/10.1145/3573051.3593378


Deployments (to learn to solve the policy challenges)
• 2018: AI articulation pilot between UCB and Laney Community College
• 2020: AI articulation pilot with City University of New York 
• 2021: AI articulation + transfer pilot with State University of New York (BMGF)
• 2023: Scaled up AI articulation + transfer deployment at SUNY (BMGF/Ascendium)

Computational Approaches to

Human Learning Lab (CAHL) 

Upcoming
• 2024: Common Course Numbering for 116 California Community Colleges
• 2024: Common Course Numbering for 12 Connecticut Community Colleges
• 2024: Substantial improvement in articulation algorithm to be released
• 2024: V2 of articulation platform based on large faculty pilot survey



V1

https://quadro.ist.berkeley.edu:1339/


V1

https://quadro.ist.berkeley.edu:1339/


Data requirements to join the Articulation Network
- Course catalog descriptions (current only)
- Existing system articulation pairs 
- 5 years of anonymized enrollment histories (optional for robustness)

Once joined, every institution in the system is automatically 
recommended articulations to every other institution in the network 
(including cross-system)

(Contact zp@berkeley.edu for information on joining or supporting a 
national pilot initiative)

V1

https://quadro.ist.berkeley.edu:1339/
mailto:zp@berkeley.edu


(Commerford et al., 2021; Filiz et al., 
2021; Logg et al., 2019)

(Xu, Pardos, Pai, 2023)

https://doi.org/10.1145/3573051.3593378


AI for Transfer Plan Generation

Work in progress. Utilizes personalization research from Shao, E., Guo, S., & Pardos, Z. A. (2021)
See AskOski.com for the most recent publications

1) Express major (e.g., Criminology) and general education requirements

2) Procedurally generate a 4-year plan to a BA degree, personalized to the courses already 
taken by a student at the community college

Deployments
• 2018: Generate Personalized Plans at UC Berkeley
• 2020: Offline testing on CUNY data
• 2023: Pilot Generating Transfer Plans at SUNY for advisers

https://doi.org/10.1609/aaai.v35i17.17751
http://askoski.com/


AI for Major Recommendation

Lekan, K., Pardos, Z.A. (2023). AI-Augmented Advising: A Comparative Study of ChatGPT-4 and Advisor-
based Major Recommendations. Presented at the Generative AI for Education Workshop (GAIED) at the 
Thirty-seventh Conference on Neural Information Processing Systems (NeurIPS). New Orleans, LA.

• Campus advisors at UC Berkeley (n=18) rated 
personalized AI major recommendations and 
explanations favorably (4.1 out of 5)

• AI recommendations matched advisor 
recommendations for ~40%  of students

https://gaied.org/neurips2023/files/41/41_paper.pdf


Big picture

• AI is primed to create efficiencies in educational content 
production and personalization

• AI is also primed to be used for student and administrator 
decision-making support

• In both cases, there is a human desire for and empirical 
justification for the necessity of Human-AI collaboration 
instead of full automation
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Further reading

OATutor (links at the bottom of the article):

https://bse.berkeley.edu/leveraging-ai-improve-adaptive-tutoring-systems

AI for articulation and degree planning (academic papers):

https://askoski.berkeley.edu/about

The Future of Ed Tech in CA (policy brief):

https://california100.org/report-the-future-of-education-2

https://bse.berkeley.edu/leveraging-ai-improve-adaptive-tutoring-systems
https://askoski.berkeley.edu/about
https://california100.org/report-the-future-of-education-2/


Thank you! Questions?

Zachary A. Pardos
zp@berkeley.edu

Funding Acknowledgements:

https://zachpardos.com/
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