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James’ talk

• From yesterday



AI in (Computing) Education

https://www.anthropic.com/news/anthropic-education-report-how-university-students-use-claude

• A unique impact in computing

Anthropic Education Report: How University Students Use Claude



• Programming Producing code is easy!

AI in (Computing) Education

“We have closed the digital divide. 
Everyone is a programmer. Now, you just 
have to say something to the computer.”



• Programming Producing code is easy!

AI in (Computing) Education

James Prather, Brent N. Reeves, Paul Denny, et al. 2023. “It’s Weird That it Knows What I Want: Usability and Interactions with Copilot for Novice Programmers”. ACM Trans. Comput.-Hum. Interact. 2024

• “It would make me a worse problem solver because I’m relying on it to help me out.”
• “I don’t have to know how to code, it would just do it for me.”
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• Leveraging AI in programming education

AI in (Computing) Education

#1
Leverage AI to 

strengthen 
foundational skills

#2
Leverage AI to 

provide guidance 
(not solutions)

#3
Leverage AI to 

develop new and 
emerging skills



#1) Strengthen foundational skills

“I'm shocked to see how good ChatGPT is 
at writing intro level code. If it tears the 
heart out of the learning process in CS1
and CS2, we're going to find, in just a 
few years, 400-level students who got A's 
in CS1 and CS2, but can't understand a 
simple loop, much less write a process 
scheduler or a memory manager.”

SIGCSE Mailing List (May 2023)



#1) Strengthen foundational skills

“Explain in Plain English”



#1) Strengthen foundational skills

“Finds the 
position of  
the rightmost 
zero in an 
array”

“Explain in Plain English”



#1) Strengthen foundational skills

• Grading is difficult (subjective and time consuming)

• "has two inputs, an array and a length of the array, the output should be the 
position of the last zero"

• "returns last value of the array that is equal to zero"
• "finds which index of an array is equal to zero"
• "finds the largest position in an integer array where the integer is equal to 0"
• "find the first zero in an array and return its position"
• "returns the index where the last 0 is located in an inputted array"
• "assigns variable x to the position of a zero in array, initially set to -1"
• "finding where in the array has the last zero. when no zero, x will be -1"
• "loops through an array checking if the index is equal to zero, setting x to the 

index if so“
• "finds and returns the index of the last occurrence of zero within an array of 

integers"



#1) Strengthen foundational skills

• Code generation based grading

int foo(int values[], int len) {
int x = 0;
int i = 0;
while (i < len) {

if (values[i] == 0) {
x++;

}
i++;

}
return x;

}

Code A provided
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int x = 0;
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while (i < len) {

if (values[i] == 0) {
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}
i++;

}
return x;

}

Write a function 
foo that counts 
the number of 
zeroes in an array

Student explains purpose 
of code in plain language

Code A provided



#1) Strengthen foundational skills

• Code generation based grading

LLM generates code 
from explanation

int foo(int values[], int len) {
int x = 0;
int i = 0;
while (i < len) {

if (values[i] == 0) {
x++;

}
i++;

}
return x;

}

int foo(int values[], int len) {
int x = 0;
for (int i = 0; i < len; i++) {

if (values[i] == 0) {
x += 1;

}
}
return x;

}

Write a function 
foo that counts 
the number of 
zeroes in an array

Code B generated

Student explains purpose 
of code in plain language

Code A provided



#1) Strengthen foundational skills

• Code generation based grading
• ‘Objective’ feedback; prompt       code relationship

Student explains purpose 
of code in plain language

LLM generates code 
from explanation

Execute Code B to check 
equivalence with Code A

{0,0,0,0} -> 4
{-1,-2,3} -> 0
{0,5,0,6} -> 2
{5,4,3,0} -> 1

int foo(int values[], int len) {
int x = 0;
int i = 0;
while (i < len) {

if (values[i] == 0) {
x++;

}
i++;

}
return x;

}

int foo(int values[], int len) {
int x = 0;
for (int i = 0; i < len; i++) {

if (values[i] == 0) {
x += 1;

}
}
return x;

}

Write a function 
foo that counts 
the number of 
zeroes in an array

Code A provided Code B generated Test suite



#1) Strengthen foundational skills

• “I enjoy this new outlook on AI as a tool rather 
than a problem in the learning space”

David Smith

David H. Smith, Paul Denny, and Max Fowler. 2024. “Prompting for Comprehension: Exploring the Intersection of Explain in Plain English Questions and Prompt Writing”. Learning @ Scale (L@S '24). ACM



#2) Provide guidance (not solutions)

“My code 
isn’t working”



#2) Provide guidance (not solutions)

• Where do (first-year) students look for help? 

James Prather, Paul Denny, Juho Leinonen, et al. 2023. “The Robots Are Here: Navigating the Generative AI Revolution in Computing Education”. ITiCSE-WGR '23



#2) Provide guidance (not solutions)

• (Digital) Teaching Assistants
• Incredible potential...

A binary search tree (well, almost)



#2) Provide guidance (not solutions)

• (Digital) Teaching Assistants
• Incredible potential...

Sebastian Gutierrez, Irene Hou, Jihye Lee, Kenneth Angelikas, Owen Man, Sophia Mettille, James Prather, Paul Denny, and Stephen MacNeil. 2025. “Seeing the Forest and the Trees: Solving Visual Graph and Tree Based Data Structure Problems using Large Multimodal Models”. ACE'25



#2) Provide guidance (not solutions)

• Stuck on code? Who writes better “next-step hints”?
• AI vs five ‘experienced’ human educators
• Blind comparative judgement (44 educators)

Ranking of hints by source

“My code 
isn’t working”

‘Expert’ hints

‘AI’ hints

Educator 
evaluation 
(blind)

Neil C. C. Brown, Pierre Weill-Tessier, Juho Leinonen, Paul Denny, Michael Kölling. 2025. “Howzat? Appealing to Expert Judgement for Evaluating Human and AI Next-Step Hints for Novice Programmers”. ACM Trans. Comp. Ed.



#2) Provide guidance (not solutions)

• CodeHelp project

The issue with your function lies in the nested for loop.  In your 
current implementation, when ‘i’ and ‘j’ are the same, ‘values[i]’ is 
equal to ‘values[j]’.  Remember, when dealing with nested loops, 
especially when you’re comparing elements in an array, it’s 
important to consider where each loop starts and ends to avoid 
comparing an element with itself. 

Keep going, you’re doing great!
I want to check if there is a repeated 
value in the input array, but there seems 
to be a bug

Mark Liffiton, Brad E Sheese, Jaromir Savelka, and Paul Denny. 2023. “CodeHelp: Using Large Language Models with Guardrails for Scalable Support in Programming Classes”. Koli Calling '23, ACM.

https://codehelp.app/



#2) Provide guidance (not solutions)

• CodeHelp project
• 2 weeks; 813 active students; 6051 queries

• Most valued: ‘scaffolding’ and ‘availability’

“Although you can get this 
advice from tutors, your tutors 
are only available to you for 
2 hours a week and so having 
an online professional that can 
give immediate help is very 

useful”

Paul Denny, Stephen MacNeil, Jaromir Savelka, Leo Porter, and Andrew Luxton-Reilly. 2024. “Desirable Characteristics for AI Teaching Assistants in Programming Education”. ITiCSE 2024



#3) Develop new and emerging skills

Many IT professionals identified 
prompt engineering as a critical 
competency due to the rise of AI. 
For example, [Participant A] stated 
that the number one skill everyone 
should learn is prompt engineering.  
[Participant B] remarked that “you 
will get answers based on how you 
ask the question”.

Clear et al. (2024) “AI Integration in the IT Professional Workplace: A 
Scoping Review and Interview Study with Implications for Education and 
Professional Competencies”, ITiCSE Working Group Report



#3) Develop new and emerging skills

Problem

Specification

Implementation

Evaluation

Instructor

Student

Auto-grader
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Write a function called foo() that takes two inputs: an array and the 
length of the array.  The function should return the index position of 
the rightmost zero in the array.  If the array does not contain any 
zeroes then the function should return -1.
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#3) Develop new and emerging skills

Problem

Specification

Implementation

Evaluation

Instructor

Student

Auto-grader

Student

LLM

Write a function called foo() that takes two inputs: an array and the 
length of the array.  The function should return the index position of 
the rightmost zero in the array.  If the array does not contain any 
zeroes then the function should return -1.
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#3) Develop new and emerging skills

Problem representation

Dialogue-based interaction

On demand execution/code editing

Paul Denny, Juho Leinonen, James Prather, Andrew Luxton-Reilly, et al. 2024. “Prompt Problems: A New Programming Exercise for the Generative AI Era”. SIGCSE 2024, ACM.



#3) Develop new and emerging skills
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#3) Develop new and emerging skills

• Perceptions and interactions

• “I love this type of task, to be 
honest a representation of how 
our generation will program as 
software engineers, where we 
work together with AI to make a 
more efficient and better 
program.”

• You have just ruined every piece 
of self esteem I had regarding 
coding. I know full well that it 
would have taken me around 35 
minutes to figure out how to 
create those functions and that 
damn computer did it in seconds. 
Robots are going to own us within 
years.

Victor Pădurean

Most effective combination of modes?

Thezyrie Amarouche



AI in (Computing) Education

• Producing code is ‘easy’
• Empower all students to apply programming
• Code increasingly generated by AI

• Google (30% now); Microsoft (20-30%); 
Meta (50% in year)

• We need to prepare students for this future

• Producing code ≠ programming
• Leveraging AI for learning

• Foundational skills
• Guidance (not solutions)
• New and emerging skills


