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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. only 

show me the necessary code.

Do we need coding skills?
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Version 2
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Do we need to understand code?
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Which skills do we need to monitor AI?
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Inverted Chinese Room

Image source: https://k3no.medium.com/the-chinese-room-experiment-2c0d63848f05
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Chinese Text Translation

“Turns out, ChatGPT didn’t 

actually translate the 

document, it guessed what I 

wanted to hear, blending it 

with past conversations to 

make it feel legitimate.”

Which skills do we need to verify?
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What are the hidden costs of AI?
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Remember

Understand

Apply

Analyze

Evaluate

Create

Bloom’s Taxonomy
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Do you currently use AI tools in your development process?

Which parts of your development workflow are you currently integrating into AI or using AI 

tools to accomplish or plan to use AI to accomplish over the next 3 - 5 years? Please select one 

for each scenario.

Based on 49,009 responses from 166 countries, May 29, 2025 to June 23, 2025



UNIVERSITY OF FRIBOURG | DEPARTMENT OF INFORMATICS

Hans-Georg FILL | Research Group Digitalization and Information Systems – http://www.unifr.ch/inf/digits

How much do you trust the accuracy of the output from AI tools as part of your development 

workflow?

When using AI tools, which of the following problems or frustrations have you encountered? 

Select all that apply.

Based on 49,009 responses from 166 countries, May 29, 2025 to June 23, 2025
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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 GenAI 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 GenAI content”

• Teachers should prepare students for problem-solving without external 

resources

“Self-efficacy refers to an 

individual’s belief in their ability 

to successfully complete a task or 

achieve a goal”
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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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https://arxiv.org/abs/2506.08872

Selected Findings:

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

(reducing memory load)”

• “frequent AI tool users often bypass deeper engagement with material, 

leading to “skill atrophy” in tasks like brainstorming and problem-solving”

• “repeated essay writing without AI leads to strengthening of brain 

connectivity”

• “the brain adapts to how we train it. If AI essentially performs the high-level 

planning, the brain will allocate less resources to those functions.”

Experiment setup: 

• Essay writing task by 54 

participants

• LLM group, Search engine 

group, Brain only group

• EEG & NLP analysis
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➢ “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.”

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

➢ “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

Age 

Manual 

calculation 

Electronic 

calculation 



UNIVERSITY OF FRIBOURG | DEPARTMENT OF INFORMATICS

Hans-Georg FILL | Research Group Digitalization and Information Systems – http://www.unifr.ch/inf/digits

Insights from Aircraft Pilot Training

t

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



UNIVERSITY OF FRIBOURG | DEPARTMENT OF INFORMATICS

Hans-Georg FILL | Research Group Digitalization and Information Systems – http://www.unifr.ch/inf/digits

Conceptual Modeling

It’s not about drawing diagrams.

It’s about a cognitive process for human understanding 

and communication based on semantic concepts.

Construction

Model

System 

under Study

AlgorithmsModeling Method
Abstraction

Instantiation

Dependency

Information

Exchange

Perception

Subject
Interpretation

Mapping

(Fill/Muff, 2024)

(Mayr/Thalheim, 2021)
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Business-IT Alignment Business Models

Symbolic Logic 

and Rules

Augmented Reality 

Workflows
Smart Contracts

Software Engineering

Quality Management

Semantic Annotations
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CMAG Framework:

Conceptual Model Augmented Generative Artificial Intelligence

22

Conceptual

Modeling

World

AI World:

Large Language

Models

Domain-under-

Study

A2D

D2A

A2C C2D

D2CC2A

(Fill et al., 2024)

Fitting AI into 
the human 

world.

Forcing Humans 
to learn and 
think deeply.
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CMAG Prompt Architecture

23

LLM

CMAG Prompt

Metamodel MT(MM)*

Meta2model MM*

Model μ(MT)*

Context Reference CRtf

[Few Shot Context]*

Task Framing

Pattern P

Task Content

CMAG 

Output

Context Reference CRod

Output Description

Model μ(MT)

Trans-

form

Model-based 

Input

Format 
F

(Fill et al., 2024)

“Create 

plantuml

code for a C4 

diagram for a 

Tetris web 

application 

architecture”
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Multi-Modal CMAG Example Using Ferret-13B, GPT-4o

(Fettke/Fill/Köpke, 2025)
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▪ 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/Köpke, 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

CMAG Current State
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➢ Use of GenAI may lead to skill degradation and deskilling = hidden costs

➢ History of automation can give valuable guidance in dealing with GenAI

➢ Guardrails for AI and recurrent manual usage of skills seem necessary to 

maintain skills required for monitoring and verifying AI output

➢ Conceptual models as the next step in Human-AI collaboration

Conclusion of Learnings
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hans-georg.fill@unifr.ch
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UNIVERSITY OF FRIBOURG | DEPARTMENT OF INFORMATICS

Hans-Georg FILL | Research Group Digitalization and Information Systems – http://www.unifr.ch/inf/digits

❖ Fettke, Peter, Fill, Hans-Georg, Köpke, Julius (2025): LLM, LAM, LxM Agent: From Talking to Acting 

Machines: Insights from the Perspective of Conceptual Modeling, Enterprise Modelling and Information 

Systems Architectures - International Journal of Conceptual Modeling (EMISAJ), Vol. 20, DOI: 

http://dx.doi.org/10.18417/emisa.20.3

❖ Muff, Fabian, Fill, Hans-Georg (2025): Creating Augmented Reality Applications Using Large Language 

Models: Experiments with the CMAG Framework and ARWFMM, Proceedings of the AAAI Symposium 

Series, Vol. 5, Issue 1, 374-378

❖ Fill, Hans-Georg, Härer, Felix, Vasic, Iva, Borcard, Daniel, Reitemeyer, Benedikt, Muff, Fabian, Curty, 

Simon, Bühlmann, Marcel (2024): CMAG: A Framework for Conceptual Model Augmented Generative 

Artificial Intelligence, in: Gallinucci et al. (eds.): Companion Proceedings of the 43rd International 

Conference on Conceptual Modeling: ER Forum, Special Topics, Posters and Demos, Co-located with ER 

2024, Pittsburgh, Pennsylvania, USA, CEUR-WS, Vol-3849, 56-69 

❖ Muff, Fabian, Fill, Hans-Georg (2024): Limitations of ChatGPT in Conceptual Modeling: Insights from 

Experiments in Metamodeling, Workshop Modeling in the Age of Large Language Models 

(LLM4Modeling), GI, DOI: 10.18420/modellierung2024-ws-008

❖ Muff, Fabian, Fill, Hans-Georg (2023): A Domain-Specific Visual Modeling Language for Augmented 

Reality Applications Using WebXR, in:  João Paulo A. Almeida, José Borbinha, Giancarlo Guizzardi, 

Sebastian Link, Jelena Zdravkovic (2023): 42nd International Conference, ER 2023, Lisbon, Portugal, 

November 6–9, 2023, Proceedings, Springer

❖ Fill, Hans-Georg, Fettke, Peter, Köpke, Julius (2023): Conceptual Modeling and Large Language Models: 

Impressions From First Experiments With ChatGPT, Enterprise Modelling and Information Systems 

Architectures (EMISAJ) – International Journal of Conceptual Modeling, Vol. 18, pp. 1-15, DOI: 

https://doi.org/10.18417/emisa.18.3

References

http://dx.doi.org/10.18417/emisa.20.3

	Slide 1: The Hidden Cost of AI and the Power of Conceptual Modeling
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Inverted Chinese Room
	Slide 9: Chinese Text Translation
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16
	Slide 17
	Slide 18: Reminder: Education in Mathematics
	Slide 19: Insights from Aircraft Pilot Training
	Slide 20: Conceptual Modeling
	Slide 21
	Slide 22: CMAG Framework: Conceptual Model Augmented Generative Artificial Intelligence
	Slide 23: CMAG Prompt Architecture
	Slide 24: Multi-Modal CMAG Example Using Ferret-13B, GPT-4o
	Slide 25: CMAG Current State
	Slide 26: Conclusion of Learnings
	Slide 27
	Slide 28
	Slide 29: References

