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Data Systems Education
There have always been challenges



Some known challenges in education

The non-determinism associated with 
query execution plans can be confusing.

DMBS will only report the first error in the query, and 
thus make it harder to debug the query as a whole.

The fact that SQL uses three-valued logic 
is unknown and/or misunderstood.

Errors are caused by misconceptions: 
misunderstandings of how the underlying 
technology (such as the use of SQL clauses) works. 
Misconceptions are difficult to mitigate.

For most students, databases are a far cry 
from their favourite courses, leaving them 
struggling to engage.

SQL errors are common: 
Semantic, Syntactic, Logic

Error messages are often incomplete and 
require reading manuals to understand.

Ba

Coming from imperative languages 
where problem decomposition is 
straightforward, the declarative nature 
of SQL can be uncomfortable.



GenAI for education is here
Students can offload their education



GenAI can pass assessments…

Jaromir Savelka, Arav Agarwal, Marshall An, Chris Bogart, and Majd Sakr. 2023. 
Thrilled by Your Progress! Large Language Models (GPT-4) No Longer Struggle 
to Pass Assessments in Higher Education Programming Courses. ICER 2023. 
https://doi.org/10.1145/3568813.3600142

• MCQs on programming


• GPT-3 answered 37.5%


• GPT-3.5 answered 64.3%


• GPT-4 answered 84.1%


• GPT-4 scores 71% on open coding 
questions.


• GPT-4 can pass an intermediate 
programming course.

• Students create a database for a bookstore by 
completing the following learning activities: 


• (a) Write the SQL schema for creating the 
database from the given logical model. 


• (b) Write SQL statements for populating the 
schema with data. 


• (c) Build the bookstore database in MySQL. 


• (d) Write SQL queries on the bookstore 
database for retrieving specific information. 


• Students were permitted to use ChatGPT to assist.

P. Lauren and P. Watta, "Work-in-Progress: Integrating Generative AI with 
Evidence-based Learning Strategies in Computer Science and Engineering 
Education," 2023 IEEE Frontiers in Education Conference (FIE). doi: 10.1109/
FIE58773.2023.10342970.
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… and it will give away the answers
• In a study where students programmed 45 

Python scripts across 10 sessions, in 49% of 
cases AI-generated code was submitted by 
students without any modification.


• In response to help-requests by students, 
99% of GPT-3.5 responses contained source 
code, even when directly asked not to. 

Arto Hellas, Juho Leinonen, Sami Sarsa, Charles Koutcheme, Lilja Kujanpää, 
and Juha Sorva. 2023. Exploring the Responses of Large Language Models to 
Beginner Programmers’ Help Requests. ICER 2023. https://doi.org/
10.1145/3568813.3600139

Majeed Kazemitabaar, Justin Chow, Carl Ka To Ma, Barbara J. Ericson, David 
Weintrop, and Tovi Grossman. 2023. Studying the Effect of AI Code Generators 
on Supporting Novice Learners in Introductory Programming. CHI 2023. https://
doi.org/10.1145/3544548.3580919
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• Better guardrails are required to avoid 
sharing answers!

Mark Liffiton, Brad E Sheese, Jaromir Savelka, and Paul Denny. 2024. 
CodeHelp: Using Large Language Models with Guardrails for Scalable Support 
in Programming Classes. Koli Calling 2023. https://doi.org/
10.1145/3631802.3631830

Majeed Kazemitabaar, Justin Chow, Carl Ka To Ma, Barbara J. Ericson, David 
Weintrop, and Tovi Grossman. 2023. Studying the Effect of AI Code Generators 
on Supporting Novice Learners in Introductory Programming. CHI 2023. https://
doi.org/10.1145/3544548.3580919





Upside: GenAI as tutor

A. T. Neumann, Y. Yin, S. Sowe, S. Decker and M. Jarke,  2025. An LLM-
Driven Chatbot in Higher Education for Databases and Information Systems. 
IEEE Transactions on Education. doi: 10.1109/TE.2024.3467912.

Ildar Akhmetov and Mirjana Prpa. 2025. Simulating Requirement 
Elicitation: Development and Evaluation of a Persona-Based Tool. 
SIGCSE 2025. https://doi.org/10.1145/3641555.3705250



Downside: messes with  
comprehension and metacognition

James Prather, Brent N Reeves, Juho Leinonen, Stephen MacNeil, Arisoa S Randrianasolo, Brett A. 
Becker, Bailey Kimmel, Jared Wright, and Ben Briggs. 2024. The Widening Gap: The Benefits and Harms 
of Generative AI for Novice Programmers. ICER 2024. https://doi.org/10.1145/3632620.3671116

• Good students are able to use GenAI to 
accelerate their progress.


• Struggling students experience persisting 
metacognitive difficulties and cognitive 
dissonance.


• Difficulties can be compounded by GenAI 
(especially Location)


• Users report time saving as a benefit  of 
GenAI, but this is not supported by 
research findings. 



Why do students use GenAI?
ChatGPT and other LLMs 

• More explanations


• Simpler explanations


• Supplement course material


• Ability to ask questions


• Accessibility (f.e. non-native speakers)


• Brainstorming


• Busy schedules

Valeria Ramirez Osorio, Angela Zavaleta Bernuy, Bogdan Simion, and Michael 
Liut. 2025. Understanding the Impact of Using Generative AI Tools in a 
Database Course. SIGCSE 2025. https://doi.org/10.1145/3641554.3701785

No LLM 

• Course materials are sufficient


• LLMs provide incorrect answers


• LLMs hallucinate


• Practice is key to success



Suggestions for educational practice
Old challenges remain, new challenges arise



Engagement
Miedema, D., Taipalus, T., & Aivaloglou, E. (2023). 
Students’ Perceptions on Engaging Database Domains 
and Structures. SIGCSE 2023. https://doi.org/
10.1145/3545945.3569727 

Taipalus, T., Miedema, D., & Aivaloglou, E. (2023). 
Engaging Databases for Data Systems Education. 
ITiCSE 2023. https://doi.org/10.1145/3587102.3588804



Engagement

• Familiarity


• Connection to practice


• Learning opportunity


• Versatility


• Social and ethical issues


• Practical constraints


• Simplicity
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Suggestion 1: generating questions

Evanfiya Logacheva, Arto Hellas, James Prather, Sami Sarsa, and Juho Leinonen. 
2024. Evaluating Contextually Personalized Programming Exercises Created with 
Generative AI. ICER 2024. https://doi.org/10.1145/3632620.3671103

Willem Aerts, George Fletcher, and Daphne Miedema. 2024. A 
Feasibility Study on Automated SQL Exercise Generation with 
ChatGPT-3.5. DataEd 2024. https://doi.org/10.1145/3663649.3664368



Error messages

 Taipalus, T., & Grahn, H. (2023). Framework for SQL 
error message design: A data-driven approach. ACM 
Transactions on Software Engineering and Methodology.



Error messages

 Taipalus, T., & Grahn, H. (2023). Framework for SQL 
error message design: A data-driven approach. ACM 
Transactions on Software Engineering and Methodology.



Suggestion 2: use the LLM (tutor) to help

Train an agent to be an interactive 
manual for the Database 

Management System

Ba
Let LLMs generate error message 

modifications

Let LLMs uncover and share  
all errors they can detect in one go



Suggestion 3: New assignment types

Explain in Plain English: Give students code and 
let them write a natural language prompt that 
results in the same piece of code. 

Assign reflection questions that focus on 
understanding and metacognition

Prompt problem: Let students craft natural 
language texts that lead an LLM to 
generate the appropriate result.

Ba

Prompt challenge: ask students to find 
natural language questions that the 
LLM cannot accurately translate to 

SQL (or some other query language).
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Suggestion 4: Amend learning objectives
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Suggestion 4: Amend learning objectives

Dennis J. Bouvier, Bruno Pereira Cipriano, Richard Glassey et al. 2026. The 
Rest of the Robots: Generative AI in Post-introductory Computing Education. 
ITiCSE Working Group Reports. https://doi.org/10.1145/3760545.3783970

Suggestions:

• Critical evaluation and verification: Detecting, localizing, 

and correcting GenAI errors; including evaluating and 
understanding both AI-generated and human-written code. 


• Responsible and effective GenAI use: Crafting 
reproducible prompts, documenting provenance, and 
articulating when and why to trust outputs.


• Iterative improvement: Using GenAI for feedback and 
refinement while maintaining human oversight and 
standards of evidence - developing enhanced critical 
thinking and problem-solving capabilities. 


• Design and planning with GenAI: Leveraging GenAI to 
expand option sets, surface constraints, and reason about 
trade-offs.


• Communication about GenAI-assisted work: Explaining 
decisions, limitations, and ethical considerations to 
technical and non-technical audiences.



Interested in work like this?
Call for participation: DataEd’26 at EDBT/ICDT



2023 - Seattle

DataEd: Bridging education practice with education research
Workshop

DataEd 2026 
EDBT/ICDT - Tampere



GenAI for data systems education is here
But our students can keep leaning by means of: 

new learning objectives,  
innovative assignment types,  
augmented error messages, 

and extra practice provided by it.

CONCLUSION

Daphne Miedema 
daphnemiedema.nl


