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Does he need to learn how to read/write?

UNIVERSITY OF FRIBOURG | DEPARTMENT OF INFORMATICS
Hans-Georg FILL | Research Group Digitalization and Information Systems — http://www.unifr.ch/inf/digits




Create a Tetris game that can be run in the browser.

show me the necessary code.

function arenaSweep() {
outer: for (let y = arena.length - 1; y »= 8; --y) {
for (let x = 9: x < arenal[y].length; ++x) {
if (arenaly][x] === @) continue outer;
}
arena.splice(y, 1);
arena.unshift{new Array(arena[@].length).fil1(8});
¥
¥

function collide(arena, player) {
const [m, o] = [player.matrix, player.pos];
for (let y = 8; y < m.length; ++y) {
for (let x = 8; x < m[y].length; ++x) {

if (m[y][x] !== & &&
(arenaly + o.y] && arenaly + o.v][x + o.x]) !==8) {
return true;
¥

¥
h

return false;

¥

Do we need coding skills?
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Do we need to understand code?
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Al goes rogue: Replit coding tool deletes entire
company database, creates fake data for 4,000
users

Which skills do we need to monitor AI?
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Inverted Chinese Room
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Chinese Text Translation

o Gary Marcus hat dies geteilt e X
» LR
{ Tanguy Goretti - 3+ + Folgen
" ! Founder, CTO at COWBOY
v Zur Website

1 Woche = Bearbeitet » @

| just had the most terrifying experience with ChatGPT.

“Turns out, ChatGPT didn't

| use it every day. It knows the context of all my projects. 've become fully

dependent on it. aCtua”y tranS|ate the

Today. | uploaded a Chinese document for translation, something I've done dozens d OocCu ment, It 9 uessed What I
of times. The result sounded perfect... almost too perfect. But then someone else in . .

my team reviewed the original text, her understanding was completely different. wa nted to hea r’ b | en d I ng It
Much less positive. with past conversations to
Turns out, ChatGPT didn't actually translate the document, it guessed what | wanted ma ke |t feel |eg |t| mate"

to hear, blending i1t with past conversations to make it feel legitimate.

It didn't just predict words. It predicted my expectations. That's absolutely terrifying
as | truly believed it.

Lesson:
Always, always verify.

Edit: Based on the comments, | tried to add custom instructions but | still couldn't
prevent this behavior,

Which skills do we need to verify?
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e Futurism Q

BAD VIBES CODE ARTIFICIAL INTELLIGENCE

Companies Are
Discovering a Grim
Problem With "Vibe

\ e "
(;Odlﬂg The trend has some uncomfortable

NThic i ‘ : implications for the programming
This is the single biggest challenge industey as a whole, with voune

with vibe COdiﬂQ." starting to heavily rely on Al tools — which
could greatly undermine their

MAY 31,10:30 AM EDT by VICTOR TANGERMANN

foundational knowledge, often gleaned
from difficult and manual problem-
solving.

What are the hidden costs of AI?
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BLOOM'S TAXONOMY OF
Al SKILL LOSS

CREATE unable to original work
M Incabale of justifying a decision or stance
MUnable to break info into parts to examine

MGannot use information in new situations

WND Unable to articulate ideas or concepts
M Unaware of basic facts and basic concepts

Paul Matthews - 3.

Bloom’s Taxonomy s
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= stackoverflow

\ %%%{iloper‘ Based on 49,009 responses from 166 countries, May 29, 2025 to June 23, 2025

|_| Survey

Do you currently use Al tools in your development process?

Yes, | use Al tools daily

Yes, | use Al tools weekly

Yes, | use Al tooks monthly or infreg
Mo, but | plan to soon

Mo, and | don't plan to

Which parts of your development workflow are you currently integrating into Al or using Al
tools to accomplish or plan to use Al to accomplish over the next 3 - 5 years? Please select one

fo Ireac h scenario. Currently Mostly Al Currently Partially Al Plan to Partially Use Al Plan to Mostly Use Al Don't Plan to Use Al for This Task

Search for answers
or synthetic data
epts or technologies
Documenting c
Creating or maintaining documentaticn
Leaming about a codebase
Debugging or fixing code
Testing code
Writing code

Predictive analytics

Project planning

Committing and reviewing code

Deployment and monitoring

- —————————_—_—_—_—____—
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\
=" stackoverflow

E\\ é%%{iloper Based on 49,009 responses from 166 countries, May 29, 2025 to June 23, 2025
L=1 Survey

How much do you trust the accuracy of the output from Al tools as part of your development
workflow?

Highly trust

Somewhat trust
Lomewhat distrust

Highly distrust

When using Al tools, which of the following problems or frustrations have you encountered?
Select all that apply.

Al solutions that are almost right, but not quite
Debugging Al-generated code is more time-cons
| don't use Al tools regularly

I've become less confident in mry own problem-sc
It's hard to understand how or why the code wor

Crther (write im):

| haven't encountered any problems

-
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Australasian Journal of Educational Technology, 2025, 41(3). AJ ET A

Generative artificial intelligence-supported programming
education: Effects on learning performance, self-efficacy and

processes “Self-efficacy refers to an

sranli o - individual’s belief in their ability
School of Education, Soochow University, Suzhou, Jiangsu, China

R to successfully complete a task or
iangyue Liu . o . . ' . . . . p

(S:cer?(jzlrf)c;rESi:Icr;et?snL,JrSl:)zncho:N Unsitvedrsit\l/,SSuzhhou,J?angsu, (ti\r/;iia o = aChleve a goa[

Department of Computer Science, Humboldt-Universitat zu Berlin, Berlin, Germany

Qianyan Dong
School of Education, Soochow University, Suzhou, Jiangsu, China

Experiment
55 Chinese undergraduate students in physics with basic Python knowledge and
learning a new library; subsequent offline tests for experimental and control group

Selected findings:

» Positive impact of GenAl for programming self-efficacy

« Potential negative effects on long-term knowledge transfer, shortcomings of
experimental group in logical correctness and functionality completeness
offline performance compared to control group

* "low-performance learners are more likely to transition to code copying” -
"high-performance learners also engage more in evaluating GenAl content”

« Teachers should prepare students for problem-solving without external
resources
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I N AS ECONOMIC SCIENCES
Check for

Generative Al without guardrails can harm learning: Evidence
from high school mathematics

Hamsa Bastani®®’

, Osbert Bastani“', Alp Sungu®?(2), Haosen Ge"(), Ozge Kabakc, and Rei Mariman®
Affiliations are included on p. 7.

Edited by Emma Brunskill, Stanford University, Stanford, CA; received November 3, 2024; accepted May 5, 2025 by
Editorial Board Member Mark Granovetter

Experiment involving 1000 high school students in math teaching

Selected findings:

« Students’ performance in practice sessions benefits from the use
of an LLM

« Subsequent traditional exam performance is negatively
correlated with the use of an LLM before, in comparison to
control group without LLM usage

« LLMs enhanced with specific guardrails can lower this effect
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Your Brain on ChatGPT: Accumulation
of Cognitive Debt when Using an Al

Experiment setup:
Assistant for Essay Writing Task“ P P

« Essay writing task by 54

Nataliya Kosmyna ' Eugene Hauptmann Ye Tong Yuan Jessica Situ pa rt | Cl pa ntS
MIT Media Lab MIT Wellesley College MIT .
Cambridge, MA Cambridge, MA Wellesley, MA  Cambridge, MA ° |_ |_ M g rou p: S earc h en g Ine
group, Brain onIy group
Xian-Hao Liao Ashly Vivian Beresnitzky Iris Braunstein Pattie Maes .
Mass. College of Art MIT MIT MIT Media Lab ° E EG & N |_ P ana |yS IS
and Design (MassArt) Cambridge, MA Cambridge, MA Cambridge, MA

Boston, MA

https://arxiv.org/abs/2506.08872

Selected Findings:

“results suggest that Al assistance in writing may free up cognitive resources

(reducing memory load)”

« "frequent Al tool users often bypass deeper engagement with material,
leading to “skill atrophy” in tasks like brainstorming and problem-solving”

« "repeated essay writing without Al leads to strengthening of brain
connectivity”

« "the brain adapts to how we train it. If Al essentially performs the high-level
planning, the brain will allocate less resources to those functions.”
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Automatica, Vol. 19, No. 6, pp. 775-779, 1983 0005-1098/83 $3.00 + 0.00

Printed in Great Britain, ) ) Pergamon }’ress Ltd
© 1983 International Federation of Automatic Control

Brief Paper

Ironies of Automation*

LISANNE BAINBRIDGEft

» “Classic aim of automation is to replace human
manual control, planning, and problem solving
by automatic devices and computers”

> "Even highly automated systems (..) need human beings for supervision,
adjustment, maintenance, expansion, and improvement.”

\%4

“Knowledge develops only through use and feedback about its effectiveness”

\4

"By taking away the easy parts of her task, automation can make the difficult
parts of the human operator's task more difficult.”

» "(..) the most successful automated systems, with rare need for manual
Intervention, which may need the greatest investment in human operator
training.”
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Reminder: Education in Mathematics

Manual Electronic
calculation calculation

DRI R e,

AP phoie
Elementary school teachers picket against use of calculators in grade school
The teachers feel if students use calculatorns 100 early, they won t learn math concepts ge

Math teachers protest
against calculator use

‘My older hids don't pay any strate” be sald “Teachers are

By JILL LAWRENCE attention (o an answer being absurd shy

P —
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Insights from Aircraft Pilot Training

Flight Director
Auto Throttle

F/o ajr AP (OURSE  HDG  IAS/MACH  ALTITUDE VERT SPEED
ON CHD r 1 2 4 0 250 020000 | 02000

Indicated Air
Speed Select

?: N B F| .'q TRAIN FOR AUTOMATION

NATIONAL BUSINESS AVIATION ASSOCIATION Develop automation-oriented standard operating procedures

Understand automation logic, limitations and failure modes

Emphasize automation usage/failures in training

Fly the airplane, not the automation

L]

Monitor aircraft flight path and energy state
* Focus on crew resource management

L]

Stay in the loop
* Maintain manual flxing skills

https.//nbaa.org/aircraft-operations/safety/training-automated-flight-decks-essential/
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Conceptual Modeling

It's not about drawing diagrams.

It's about a cognitive process for human understanding
and communication based on semantic concepts.

, > Model < .
Mapping Information

oY ¥ Exchange

R 3 * ”’
¢ Instantiation

R 3
.
.
..

Modeling Method | €= = = === = « == Algorithms

Abstraction, .+ Dependency
“
““
v .“"‘ Construction @

System Perception
under Study |

Interpretation

Subject
UNIVERSITY OF FRIBOURG | DEPARTMENT OF INFORMATICS (Fill/Muff, 2024)
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CMAG Framework:
Conceptual Model Augmented Generative Artificial Intelligence

V- S

Al World: Conceptual
Large Language Modeling
Models World

DN

Fitting AT into
the human
world.

Domain-under-
Study

Forcing Humans
to learn and
think deeply.

(Fill et al., 2024)
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CMAG Prompt Architecture

Model-based
Tnput

/ CMAG Prompt \

[Few Shot Context*
o7
MetaZmodel MM*

“Create
Metamodel MT(MM)*

plantuml s N Mo
x CMAG ans
code for a C4 Model uMT) Output form

diadkam for a ~* 7ask Framing N | o
Tetris Context Reference CRy Model u(MT)

application. —— 7ask content \ J
architecture’

Pattern P prem—) e
lincludeurl https://raw.githubusercontent
M C4_Context.puml [}
InEr, !define C4P https://raw.githubusercontent Player
OUtpUt Descrlptlon ' Use different files for different levelq
' - C4_Context.puml A person who walnts to play
~ : Tetris online
' - C4_Container.puml
Context Reference CR 4 - Ca Componone.pum

' - C4_Dynamic.puml
' - C4_Deployment.puml
' Context Diagram

lincludeurl C4P/C4_Context.puml

«system»
Person(player, "Player”, "A person who wa Te'"_s Web
Application

System(tetrisApp, "Tetris Web Application

Play Tetris in a modern web
browser

System Ext(authService, "Authentication 54
sessions"™)

System Ext(scoreAPI, "Scoreboard API", "S5 / uses for login/signup \
2.0/ HTTPS]

Submits and retrieves
[OAuth 2.0 \

P scores

[REST/JSON]

Rel({player, tetrisApp, "Plays", "HTTPS")
Rel(tetrisApp, authService, "Uses for logd
Rel(tetrisApp, scoreAPI, "Submits and retq

@enduml
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Multi-Modal CMAG Example Using Ferret-13B, GPT-4o0

To make a soup using the ingredients shown, you would need to follow these
steps: 1. Wash and chop the ingredients: The board [21, 266, 985, 832] is full
of chopped vegetables like broccoli [106, 526, 334, 845], carrots [242, 337,
450, 535], mushrooms [489, 446, 750, 589], and spinach [366, 587, 603,
§26]. 2. Prepare the egg [475, 304, 650, 423] [544, 304, 650, 421]: The eggis
located on the board. You can either keep it whole or break it into smaller
pieces. 3. Heat some oil or butter in a pot or pan [0, 0, 570, 246]: You can find
a suitable pan inthe image. Add the onions and sauté them until they
become translucent. 4. Add the chopped vegetables: Add the broccoli [106,
526, 384, 645], carrots [242, 337, 450, 535), mushrooms, and spinach to the
pot. Sauté them until they become tender. 5. Add the egg: If you are using
whole eggs, you can add them to the soup. If you are using egg yolks or egg
whites, you can add them separately. 6. Season the soup: Add salt, pepper

-

To make a soup using the ingredients shown, you would need to follow these
steps: 1. Wash and chop the ingredients: The board [obj0] is full of chopped
wegetables like broccoli [obj1], carrots [obj2], mushrooms [obj3], and
spinach [obj4]. 2. Prepare the egg [objS] [obj6]: The egg iz located onthe
board. You can either keep it whole or break it into smaller pieces. 3. Heat
some oil or butter in a pot or pan [obj7]: You can find a suitable pan in the
image. Add the onions and sauté them until they become translucent. 4. Add
the chopped vegetables: Add the broccoli [objl], carrots [obj2], mushrooms,
and spinach to the pot. Sauté them until they become tender. 5. Add the egg:
If you are using whole eggs, you can add them to the soup. If you are using
egg yolks or egg whites, you can add them separately. §. Season the soup:
Add salt, pepper [objE], and any other desired seasonings. 7. Serve the soup:
Once the soup is cooked and seasoned to your liking, you can serveitin
bowls or cups. Remember to ensure food safety by washing the ingredients

thoroughly and keeping the cooking area clean. O
. 2

how do | make a soup of these [179, 535, 237, 580], and any other desired seasonings. 7. Serve the soup:
ingredients. Include the Once the soup is cooked and seasoned to your liking, you can serve it in
CDP'di“ﬂtES ofthe required bowls or cups. Rermember to ensure food safety by washing the ingredients
objects. thoroughly and keeping the cooking area clean. @

Create a process model for a cooking robot. This robot is vision-enabled and is able to identify the reguired ingredients.
The text contains object identifiers in [] brackets.
All data objects should have a label containing the object identifier and a human-readable label. Make sure toinclud

5

all necessary decisions the robot has to take.

¥mins:dc="http:/fwww.omg.org/spec/DOV20100524/DC" xmilns-di="http2fwww.omg orgfspec/DDS 201 00524/D1"
¥mlns:camunda="http-ffcamunda_org/schemas/1_0/bpmn" xmilns:modeler="http-/fcamunda org/schema/modeler/1
¥mins:custom="http:/fwww example.org/custom” id="Definitions_0tfrzsr[...]

Verte r; ok Bpg -

o o s

B e b

@
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<mlversion="1.0" encoding="UTF-8%7>
<bpmn:definitions xmlns:-bpmn="http:/fwww.omg org/spec/BPMN/20100524/MODEL"
xmlns:bpmndi="http:/fwww.omg.org/spec/BPMN/201 00524/D1"
.
6

(Fettke/Fill/Kopke, 2025)



CMAG Current State

= Experiments conducted with several modeling languages, e.g. UML,
ArchiMate, ARWFML, BPMN, etc.

= Many LLMs highly capable in producing code for models / diagrams

= Recent applications for agentic workflows using multi-modal LLMs —
see (Fettke/Fill/Kopke, 2025)

= Limitations with complex domain-specific modeling languages

Next steps:
= Provision of adequate CMAG tooling, e.g. using MM-AR
= Derivation of strategies for complex modeling languages

= Continuous evaluation of upcoming LLMs (Llama 3.2, Sonnet 4, GPT-
OSS, etc.)

= Empirical validation of CMAG usage effects
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Conclusion of Learnings

» Use of GenAl may lead to skill degradation and deskilling = hidden costs
» History of automation can give valuable guidance in dealing with GenAl

» Guardrails for Al and recurrent manual usage of skills seem necessary to
maintain skills required for monitoring and verifying Al output

» Conceptual models as the next step in Human-Al collaboration
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