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Final Exam Logistics

- No phones (honor code 

violation to have a phone on 

or near your person during 

exam)

- Assigned seating

- 6 pages of notes

- Cumulative

- If you have OAE you should 

have already contacted us!

- Review on Friday (thank 

you Isabel!)

Where ?? Hewlett 200 

(this exact room !!! )

When ?? 8:30am next Tuesday. 



Probability gives you a new 
lens on the world



Can I tell you the story 
about how it influenced my 

life?



Piech + Woodrow, Stanford University

My Life Goal is to Be a Teacher J 
In Computer Science

I have been teaching in some 
capacity for over 15 quarters 
at Stanford.  

I was the instructor for 
CS106A in 2021. 

I have been a TA and a head 
TA for CS109. 



My First Research Project



Inspired by Chess.com Puzzles
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My First Research Project

Buggy student 
code for CS106A

(1) Teacher in 
training would 

identify the 
bugs.

(2) Guess which 
misconceptions the 
student has given 

these bugs.

(3) Make a 
teaching move !! 



My First Research Project

tǊƻōŀōƛƭƛǎǘƛŎŀƭƭȅ ƎŜƴŜǊŀǘŜ ǘƘŜ ƴŜȄǘ άǎǘŜǇέ 
the student would make given your 

άǘŜŀŎƘƛƴƎ ƳƻǾŜέΦ 



How did we do this?



Powered by GenerativeUnderstanding

Labelstudentcode

ÅStrugglewith 
doublefor  
loops
ÅConfuseslogic  

for deleting 
bricks



My First Research Project

Pink dots represent code written by real students in CS106A.
 
Green dots represent code generated by my grammar. 

With a probabilistic grammar, we can capture the entire space of student errors 
(on this problem) !!!! 
So, if teachers in training can learn the bugs from our model, they will be able to 
help real students! 



StanfordCodein Place:

5000+ section leaders teach 
60,000+students

CS106A
AsCommunityService

Featured in



We do a lot of teaching in 
Code in Place!! 



We also did a lot of cool AI 
ǘƘƛƴƎǎΧ 



A Tale of Two Ideas

AI powered 

interventions to 

support education 

at scale !! 



Assn 0 Assn 1 Assn 2

Both Accepted: SIGCSE 2024

AI Realtime Feedback



Accepted to Learning at Scale 2025

Unrestricted Access to GPT



AI Grading of Exams (before GPT)



AI Grading of Exams (after GPT)

We trained a 3B small open model to reproduce the 
outputs of a larger model.

{ƳŀƭƭŜǊ ƳƻŘŜƭǎ Ŏŀƴ Ǌǳƴ ƻƴ ƭƻŎŀƭ ŘŜǾƛŎŜǎΗΗ 5ƻƴΩǘ ƴŜŜŘ 
internet. And have privacy ! 

Accepted to SIGCSE 2026



AI Grading of Assignments (after GPT)

How can we use TA preferences to train an AI 
model to give high quality feedback that sounds 
like a TA from our course?

Accepted to EDM 2025
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A Tale of Two Ideas

AI powered 

interventions to 

support education 

at scale !!   

Solution to support 

education at scale 

without AI

Outperformed all AI 

approaches we tried by an order 

of magnitude !!



Are you ready ??



.ǳǘ ŦƛǊǎǘΧ 



.ǳǘ ŦƛǊǎǘΧ 

1:1 Help is extremely 

effective !!! 

Coordinating 1:1 help at 

scale is really really hard. 



Key Insight

Give teachers the ability to 

initiate a 1:1 help session. 



Key Insight

Give teachers the ability to 

initiate a 1:1 help session. 

5ƻƴΩǘ ǿŀƛǘ ŦƻǊ ŀ ǎǘǳŘŜƴǘ ǘƻ ŀǎƪ ŦƻǊ ƘŜƭǇΦ 
That means we would have to have a 
teacher who is free at exactly that time 
!! 

If a teacher says they are free to help, 
we will find them a student!!



We first tried this in CS109 !









Who Else Might Want to Teach?



Who Else Might Want to Teach?

We built a pipeline for students to teach other students 
in Code in Place !!! 



Who Else Might Want to Teach?

Experts rated the 
students to be almost as 

good as the Section 
Leaders at helping!



Lots of people want to 
teach. Do you??



Back to Probability



People just miss the random variables



Whatelseshouldbea randomvariable?

Chris (my PhD advisor) in 
2023: Grades??



Whatelseshouldbea randomvariable?

Juliette 2024: Grades!



State of the Art imputation of grades, among other uses

Soft Grades. Accepted for publication in 2025

Juliette Woodrow



Can we have a model for this but not 
just for grades? For understanding 

ǎǘǳŘŜƴǘǎΧΦ 



Learner Insight Tracing

LLM

ǒ Generate short, human readable insights based on student work. 

ǒ Describe what the student appears to understand. 

ǒ Everything is represented as text! 

ñThe student may be 

unclear on the difference 

between printing a 

string versus the value 

of an expressioné.

incorrectly uses quotation 

marks, thereby printing 

the literal string óxôéò



Learner Insight Tracing: How it Works

Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 Attempt 6 Attempt 7 Attempt n

é 



Learner Insight Tracing: How it Works

def main():
  print ( "Khansole Academy" )
  x =  int ( input ( " x is " ))
  y = int ( input ( "y is " ))

def main():
  print ( "Khansole Academy" )
  x =  int ( input ( " x is " ))
  y = int ( input ( "y is " ))
  
  print ( " What is " , "x" , 
             "+" , "y" , "?" ) 

def main():
  print ( "Khansole Academy" )
  x =  int ( input ( " x is " ))
  y = int ( input ( "y is " ))
  
  print ( " What is " , "x" , 
             "+" , "y" , "?" )
  z = x + y

def main():
  print ( "Khansole Academy" )
  x =  int ( input ( " x is " ))
  y = int ( input ( "y is " ))
  
  print ( "What is", "x", 
             "+", "y", "?" )
  z = x + y
  print (­7GMJ 9FKO=J~®, z)



Learner Insight Tracing: How it Works

LLM



Learner Insight Tracing: How it Works

LLM

ñThe student may be unclear on the 

difference between printing a string 

versus the value of an expressioné.

incorrectly uses quotation marks, 

thereby printing the literal string 

óxôéò

Insight 1



Learner Insight Tracing: How it Works
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Learner Insight Tracing: How it Works

LLM

ñThey appear to not always 

understand variables. They do not 

store the user's answer to the 

addition problem in a variable or 

check if it is correcté.ò

Insight 2
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Learner Insight Tracing: How it Works

Attempt 1 Attempt 2 Attempt 3 Attempt 4 Attempt 5 Attempt 6 Attempt 7 Attempt n

é 

é 

Insight 1 Insight 2 Insight 3 Insight k

Sequence of interpretable representations of her understanding. 



How do you know if you have a good 
insight???



Information Theory + LLM !!



Direct ask Info NCE

Compression Future Prediction



LIT Big Picture

LLM

Option BOption A

Insight

Insight generation

Principled scoring function

Use LLMs to generate summaries of student understanding as they are working on 
assignments. 

Show them to teachers?? Use them to provide hints?? So many good options !! 



CS109 Projects



0% 10% 20% 30% 40% 50%

Our OCR

Google OCR

Error Rate:


