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* From yesterday

A human-centered approach to Al

So, what do we want Al to do in computing education?

A human-centered Al framework in CS education should...

—

Support and augment human cognition, rather than replace it.

2. Consciously mitigate risks like over-reliance and the abdication
of critical thought.

3. Encourage active construction of knowledge through
Iexperimentation, hypothesis testing, and iterative feedback
oO0ps.

4. Stirreulate student inquiry and exploration rather than providing
immediate answers.

5. Invite ethical reflection as concepts naturally surface in the

curriculum.

So, what does this look like? Unclear, but | have some ideas...




Al in (Computing) Education

* A unique impact in computing

Anthropic Education Report: How University Students Use Claude
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B 18:6% » U.S.Bachelor Degrees
Health Professions ¢
5.5% 13.1%
Humanities
6.4% 12.5%
Natural Sciences & Mathematics : 4
[ 9.2% 15.2%
(8]
L
8 Social Sciences & History
=) 7.5% 7.6%
(V)]
Engineering @
6.9% 7.0%
Psychology

2.6% 6.4%

Computer Science

5.4% 38.6%

Education L=
3.8% 4.4%
0% 5% 10% 15% 20% 25% 30% 35% 40%

PERCENTAGE (%)
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Al in (Computing) Education

. W Producing code is easy!

¥ Hi Paul, how are you?

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

Vibe
coding

Vibe
debugging




Al in (Computing) Education

* Pro ing Producing code is easy!

@ Preview question: cfw.ae10e03 20 ab01-censer_sentence — Mozilla Firef ] < o playground.py - Visual .. [[J B 7

Question 1

Not complete
Marked out of 1.00

|} A sentence can be "censored” by having all banned words removed. Define a
function called censor_sentence() which takes two inputs: a sentence (this will be a
string, with no punctuation, where words are separated by a single space character)
and a list of banned words, The function should return a new string where all of the
characters in any banned word are replaced with "*".

For example:
Test Result

sentence = "the quick brown fox jumps over the lazy dog" the quick brown fox
censored = censor_sentence(sentence, [“jumps", "dog"])

print(censored)

sentence = "abcdefghiij" *bcd**ghi*
censored = censor_sentence(sentence, ["a", "j“, "e", "f"])
print(censored)

< >
M Spaces:4 UTF-B CRLF Python 39764-bt &8 & 0

1”1

* “It would make me a worse problem solver because I'm relying on it to help me out.

* “l don’t have to know how to code, it would just do it for me.”

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



Al in (Computing) Education

* Pro ing Producing code is easy!
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Questien 1
Not complete

Marked out of 1.00

L\ A sentence can be “censored” by having all banned words removed. Define a
function called censor_sentence() which takes two inputs: a sentence (this will be a
string, with no punctuation, where words are separated by a single space character)
and a list of banned words. The function should return a new string where all of the
characters in any banned word are replaced with "*".

For example:

Test Result

sentence = “"the quick brown fox jumps over the lazy dog" the quick brown fox
censored = censor_sentence(sentence, ["jumps", "dog"])
print{censored)

sentence = "abcde fghij" | SRS e B

censored = censor_sentence(sentence, ["a", "j", "e", "f"])

print{censored)
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* “It would make me a worse problem solver because I'm relying on it to help me out.

* “l don’t have to know how to code, it would just do it for me.”

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



Al in (Computing) Education

* Leveraging Al in programming education

#1 H#2 #3
Leverage Al to Leverage Al to Leverage Al to
strengthen provide guidance develop new and
foundational skills (not solutions) 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 =

Explanation

scheduler or a memory manager.” (¢

SIGCSE Mailing List (May 2023)



#1) Strengthen foundational skills

“Explain in Plain English™

int foo(int values[], int length) {

int x = -3° Code
for (inf i=08; 1 ¢ length i——) {
if (values[i] == @) {
X = l
}

1
J

Explanation

return x;




#1) Strengthen foundational skills

“Explain in Plain English™

int foo(int values[], int length) { “F’onds fhe
int x = -1; e, 0
for (int 1 = 8; i < length; i++) { pOSIf’on Of
if (values[i] == 8) { .
oxe the rightmost
} zero in an
return x; 77
} array



#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 O is located in an inputted array”

* "assigns variable x to the position of a zero in array, initially set to -1"

e "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

Code A provided



#1) Strengthen foundational skills

* Code generation based grading

Code A provided

t foo(int val [1 nt len) {
int x = 0;
int i = 0;
while (i < len) {
if (values[i] == 0) { counts
. the number of
} .
return x; zeroes In an array

Aa|

Student explains purpose
of code in plain language




#1) Strengthen foundational skills

* Code generation based grading

Code A provided Code B generated
int foo(int values[], int len) {
int x = 0; int foo(int wvalues[], int len) {
int 1 = 0; int x = 0;
while (i < len) { for (int i = 0; i < len; i++) {
if (values[i] == 0) { counts if (values[i] == 0) {
x++; x += 1;
}
. the number of :
} . return x;
return x; zeroes In an array }

¢
v.] \?'\

“J
c,d0

Aa|

Student explains purpose LLM generates code
of code in plain language from explanation




#1) Strengthen foundational skills

* Code generation based grading

* ‘Objective’ feedback; prompt < code relationship

Code A provided Code B generated Test suite
int foo(int values[], int len) {
int x = 0; int foo(int wvalues[], int len) {
int 1 = 0; intx‘:o,j ) ‘ {0,0,0,0} -> 4
while (i < len) { for (int i = 0; i < len; i++) {
if (values[i] == 0) { counts if (values[i] == 0) { {-1,-2,3} -=> 0
hts x 4= 1;
' 0,5,0,6} -> 2
! the number of } (95,9,
} Y ieturn x; {5’4’3’0} -> 1

return xs Zeroes in an array )

}

0od0

Aal K

Student explains purpose LLM generates code Execute Code B to check
of code in plain language from explanation equivalence with Code A




#1) Strengthen foundational skills

Question 4: Example 4: C

The goal of this exercise is for you to read and understand the purpose of the code shown below. Your task is to
describe the purpose of the code using plain language; your description will then be given to an Al language
model, and the model will generate code matching your description. You will have solved the exercise when the
code generated by the Al model is functionally equivalent to the code you have described.

Write a short, high-level English language description of the following function. Do not give a line-by-line
description of the code.

int foo(int values[], int length){
int x = ©;

for(int i = @; 1 < length; i++) {
if(values[i] » @) {
x +#= values[i];
b
}
return x;

Note: The code generated by the Al model, based on your description, does not need to be identical to the code
presented above. It simply needs to be functionally equivalent, but it may use a different approach.

Create a function foo that... I (]

1 point available for this attempt
(following attempts areworth: 1, 1,1, 1,1, 1.1, 1,1, 1,1, 1,1, 1.1, 1, 1. 1.
1)

Save & Grade 20 attempts

left

Can only be graded once every 0.25 minute @

* “| enjoy this new outlook on Al as a tool rather
than a problem in the learning space”

Prompt: Generated Code:

def foo(list, val):
X =8

Define a function that takes a for it

list of integers and an integer 3
value. This function should

iterate over the lis CREE

and returning that count,

T :
— —_— —
#
>
— 23]

S o
~=So

Ja =)

David Smith

Create a function foo that..  Finds the position of the ... (2]

Ka kimi i te tiinga o te 0 tino

Encuentra la po
e 4

a5gi U H Hd

Encontra a posi¢do do 0 ma

ELIIRDEIHED 00

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

o—




#2) Provide guidance (not solutions)

“My code
isn't working”



#2) Provide guidance (not solutions)

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

Help See kmg Behaviors Rankings according to first year students

[ Ask the course instructor/TA ]

Search online (e.g.: Google)

3 0 k
g Ask on online forums like StackOverflow - 1
) 2
g Ask on the course discussion forum . 3
= 4
E [ Ask using GenAl Tools - .
-

..E Ask a friend I 6

0

20 40 60 80
Count

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



#2) Provide guidance (not solutions)

* (Digital) Teaching Assistants

* Incredible potential...




#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”2
* Al vs five ‘experienced’ human educators
* Blind comparative judgement (44 educators)

Ranking of hints by source

‘Expert’ hints
p 25
20
Educator .
evaluation a1
u blind - :
My code (blind) £ .
° ] ° 11 5 ‘:’
isn’t working ‘Al’ hints -
° chatgpt-v3,5 gemini gpt-v4 human mixtral-8x7b
Model

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



#2) Provide guidance (not solutions)

* CodeHelp project

e s NN P ted
. sy |2
-Language TIM.
bl I A
fror [
-Issue
2 ai response M Ry Contai No
Zxmain o) feponse e
iLLM: Yes
Code
removal @> :sf:pégs;nsse
iLLM:
int IsRepeated(int values[], int numvalves) The issue with your function lies in the nested for loop. In your
i
for (ant 1 - 8 1 < mmaluess 000 { current implementation, when ‘i’ and ‘i’ are the same, ‘values[i]’ is
or (int j = i; j < numValues; j++) {
A6 GalemlEl = RSl L equal to ‘values[j]’. Remember, when dealing with nested loops,
: } especially when you’re comparing elements in an array, it’s
L i o important to consider where each loop starts and ends to avoid
! comparing an element with itself.
I want to check if there is a repeated
value in the input array, but there seems ,
to be a bug Keep going, you're doing great!

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.



#2) Provide guidance (not solutions)

* CodeHelp project

* 2 weeks; 813 active students; 6051 queries

* Most valued: ‘scaffolding’ and ‘availability’
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Paul Denny, Stephen MacNeil, Jaromir Savelka, Leo Porter, and Andrew Luxton-Reilly. 2024. “Desirable Characteristics for Al 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 Al
For example, [Participant A] stated
that the number one skill everyone
should learn 1s prompt engineering.
[Participant B] remarked that “you
will get answers based on how you
ask the question”.

bro please

respond in valid json fo
without errors and

make super sure the
syntax is extra correct
i'm begging you... and
please, pretty please,
don't make up answers
my career depends on it bro

Clear et al. (2024) “Al 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

Instructor

N\ =

—_— Specification

/ Specification —
Student

N\

/ Implementation

Code

Avuto-grader

N\

Evaluation



#3) Develop new and emerging skills

5ize =06
Problem [15]31[ 0 [77 ol 34| —° - 4

Instructor

N\

/ Specification
Student

N\

/ Implementation

Avuto-grader

N\

Evaluation



#3) Develop new and emerging skills

size=06
/ Problem [15]31] o [77 [l 34| —— 4

Instructor

N\

Student

N\

/ Implementation

Avuto-grader

N\

Evaluation



#3) Develop new and emerging skills

size=06
/ Problem [15]31] o [77 [l 34| —— 4

Instructor

N\

/ Specification

int foo(int arr[], int length) {

\ for (imnt i = length — 1; i >= 0; i——) {
if [(arr[i] = 0) {
[ ] i :
Implementation
return -1;

Avuto-grader

N\

Evaluation




#3) Develop new and emerging skills

size=06
/ Problem [15]31] o [77 [l 34| —— 4

Instructor

N\

/ Specification
Student

int foo(int arr[], int length) {
for {imt i = length — 1; i >= 0; i——)} {
if (arr[i] {

/Implemeniation Ly

Avuto-grader

I ® {15, 31,0, 77, 0, 34} . 4 i v4 It V
qu qul O n {15, 31,0, 77,0, 17, 0} & ) o
=1 1 V

72, 85 4 5, G 7



#3) Develop new and emerging skills

size=6

/ Problem [15]31] o [77 [l 34| —— 4

Student
N\

/ Specification
LLM

int foo(int arr[], int length) {
for {imt i = length — 1; i >= 0; i——)} {
if (arr[i] 0) {

/Implemeniation e

Avuto-grader

N\

{15, 31,0, 77, 0, 34} 4 4

° 4
EVQIUG"IO“ {15, 31, 0, 77, 0, 17, 0} 6 6 V4
{1,2,3,4,5,6,7} il -1 24



#3) Develop new and emerging skills

[(@xal, (14, 2], Prompt 1: Hi, I want you to write a Python program.
(3, A1 ...." [3, 111
(@2, 31, [, 3. 81, ChatGPT response 1: Sure, what would you like the program to do?
[4, 5361, llll'} [4, 5, 61,
(7, 8, @)1 (7, 8, 111
(rqL, Zt 3, 4], (fi1, 12, 3, 4I,
(15, 6w 7, 81, [15, 16, 7, 81,
[ 9, 10, |11, 12f, [9, 18, 1, 2],
[13, 14, [15, 16f] [13, 14, 5, 6]]
(g, 2] 3, 4, 51, (19, 20, 3, 4, 5],
[le, 7lws8, 9, 101, [24, 25, 8, 9, 1],
[11, 12,‘235,14, 151, [11, 12, 13, 14, 15],
[16, 17, 18, [19, 20}, (16, 17, 18, 1, 2I,

[21, 22, 23, |24, 25)1 [21, 22, 23,

(=2}

y 711




#3) Develop new and emerging skills

[(@xal, (14, 2], Prompt 1: Hi, I want you to write a Python program.
(3, A1 -’ [3, 111
(@2, 31, [, 3. 81, ChatGPT response 1: Sure, what would you like the program to do?
[4, 5361, # [4, 5, 61,
(7, 8, @)1 (7, 8, 111
(e, 2|: 3, 4l, i, 12, 3, 4i,
(|5, 6w 7, 8, # [15, 16, 7, 8l,
[9, 10, 11, 12], [9, 10, 1, 2], :
[13. 14. h5. 161 113, 14 5. 6] Prompt 2: [ have a square matrix, and I want to swap the first half of the
rows with the second half of the rows.
(g, 2 3, 4, 51, [[19, 20, 3, 4, 5],
[le, 7vSa,\ 9, 10], [24, 25, 8, 9, 1],
{11» 12, 1314, 151, ' {11- 12, 1:' 14, 15}- ChatGPT response 2: Here’s a Python program that should do what you’re
16, 17, 18, [13, 29}, 16, 17, 18, 1, 2], .
[21, 22, 23, |24, 25)] [21, 22, 23, 6, 711 asking for:




#3) Develop new and emerging skills

[(@xal, (14, 2], Prompt 1: Hi, I want you to write a Python program.
(3, A1 -’ [3, 111
(@2, 31, [, 3. 81, ChatGPT response 1: Sure, what would you like the program to do?
[4, 5561, # [4, 5, 61,
(7, 8, @1 (7, 8, 111
(e, Zt 3, 4l, i, 12, 3, 4i,
(|5, 6w 7, 8, # [15, 16, 7, 8l,
[9, 10, 11, 12], [9, 10, 1, 2], :
[13. 14. h5. 161 113, 14 5. 6] Prompt 2: [ have a square matrix, and I want to swap the first half of the
rows with the second half of the rows.
2 3. 4, sl, (119, 2¢, 3, 4, 5I,
[le, TVSB'\ 9, 101, [24, 25, 8, 9, 1],
{11» 12, 1314, 151, ’ {11- 12, 1:' 14, 15}- ChatGPT response 2: Here’s a Python program that should do what you’re
16, 17, 18, [13, 29}, 16, 17, 18, 1, 2], .
[21, 22, 23, |24, 25]] [21, 22, 23, 6, 711 askmgfor-'

Prompt 3: That’s not exactly what I meant. I actually want to swap the
first half of the elements in each row with the corresponding elements in
the second half of the rows.



#3) Develop new and emerging skills

On demand execution/code editing
B Prompt List IV = 4 Reset
Programming Python » Advanced Functions e

0 )

Python In this exercise, you will design a function r

| want a function th ill sort all of the values in a list between

Basi : process_list(lst: list[int], start: int, end: int) -> list[int] two index positions that ar
asic Functions v

Warmup

After carefully looking at the provided specifications, write your prompts o
Warmup £ to interact with the Al model and guide it to generate a correct program. main.py I m # Edit

Warmup G2k ' def lst, start, end):
if start < 8 or end >= len(lst) or start >= end:
List | .
[| 7 nn 1|1 [1% ann 11 ] return "Invalid indices"”

t_between_indic

sort_Detween_1

+, Listl
el sublist = lst[start:end+1]
List I 1 3 sublist.sort()
List Il
[ 4 ann] [ 4 J 1st[start:end+1] = sublist
List Il §
return 1lst
List Il
List I (CSE 1 4

List 1l \ )
1:]7]:1 {:]:]-0 Dialogue-based interaction

Advanced Functions hd

List IV 0 2
List IV (G5 L J I

2 Problem representation (4
pauldenny-ad...

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



#3) Develop new and emerging skills

Prompt List IV
Programming Pyt Advanced Funct "o

Python In this exercise, you will design a function

Basic Functions 5. process_list(lst: list[int], start: int, end: int) -> list[int]

Warmu
i After carefully looking at the provided specifications, write your prompts
Lt

Warmup to interact with the Al model and guide it to generate a correct program.
Warmup
List 1 Your conversation is empty!
[ 7 nn 1 ] [ 7 un 1 ] Send a message to get started

+, Listl

List |

List Il

List 1l

‘' 3 22 4 1 3
30808 (-8088
List il

List lll 1 4

a8 e

List 11l

Advanced Functions v
List IV

List IV I

a pauldenny-ad... o




#3) Develop new and emerging skills

Prompt ", Sales —
Programming Pyt Dat

Python In this exercise, you will design a function

compute_sales_report(sales_path: str) -> dict

Binary
e S i o After carefglly looklng at the provided specqulcat.lons, write your i .
prompts to interact with the Al model and guide it to generate a
Password correct program.
Passw... Your conversation is empty!
Passw... message ¢
txn_id prod_id cat qty price
Robot
1001 P181 EL 2 199.99
Robot
1002 P102 FU 1 349.50
Robot
1003 P101 EL 3 199.99
Stack
1004 P103 FU 2 349.50
Stack
10085 P104 EL 1 199.99
Stack
Data Science v
4, Sales {
L
Grades total ts": 6,
1199.94
Phones 199 .99
¥

. (4]

pauldenny-ad...




#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 Al to make a Thezyrie Amarouche Victor P&durean

more efficient and better

program.”
. . . Most effective combination of modes?
* You have just ruined every piece

of self esteem | had regarding Only natural language prompting

COd’ng' I know 'fU” We” fhdf it Mostly natural language prompting with a little

manual code editing

would have taken me around 35

minufes to f"gure out hOW to An equal mix of natural language prompting and _

manual code editing
create those functions and that

L Mostly manual code editing with a little natural
damn computer did it in seconds. language prompting

Robots are going to own us within

Only manual code editing

years.
0 50 100 150 200 250 300 350 400 450 500



Al in (Computing) Education

* Producing code is ‘easy’

* Empower all students to apply programming

* Code increasingly generated by Al

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

* We need to prepare students for this future

viewpoints viewpoints

* Producing code # programming V V
January 2023 February 2023
* Leveraging Al for learning viewgiint = Viewpidirit o

. . The End of Programmin The Premature Obituary
* Foundational skills < 5 of Programming

* Guidance (not solutions) : oo 3

* New and emerging skills

Al coding assistants wave

A.L Is Prompting an Evolution, Not
goodbye to junior developers  Extinction, for Coders



