
The Role of Computer Science Education for 
Understanding and Shaping the Digital Society

Prof. Dr. Ralf Romeike
Computing Education Research Group Berlin
Freie Universität Berlin 



Computer Science Education

Why?

What?

How?

With
what?

Computer
Science

Education





Computer Science Education: Text processing
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 An understanding of Computer Science concepts helps to use
computer systems effectively and efficiently.



Why CS education? The digital transformation.

• Simulation, big data, artificial intelligence lead to further developments and 
changes in the disciplines

• Competencies of computer science are increasingly considered relevant, i.e. for 
all school students, as well as in general teacher education

• Internationally, computational thinking (”thinking like a computer scientist”) as a 
door opener for computer science education





Which concepts and approaches of Computational Thinking do 
teachers consider applicable in primary school?

1 = strongly applicable
6 = not applicable

Study with primary school teachers
n = 578 
60% response rate
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Which concepts and approaches of Computational Thinking do 
teachers consider applicable in primary school?

2 Clusters:
CT welcoming: Teachers with 
more experience in teaching 
with and about digital 
technology and who feel more 
competent.

CT skeptics: Teachers with 
less experience in teaching 
with and about digital 
technology and who feel less 
competent.
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Patterns



Computational Thinking in practice
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CS Education needs to focus on the principles
and fundamental ideas of computer science!

Based on Claus Brabrand: Teaching teaching & understanding understanding



Fundamental Ideas of Computer Science (A. Schwill)

Fundamental Ideas

• are relevant to the historical development 
of the area in the longer term (time criterion)
 The answer to rapid change

• can be taught at different intellectual levels 
(vertical criterion)
 Spiral principle across different stages

• reference to language and thinking in everyday life and the 
world in which we live and are necessary for understanding 
the subject (criterion of sense)



Innovation: From databases to "data management“

• Data management has developed over the last 15-20 years, mainly as 
an extension of the field of "databases".

• Basis for many innovations of the "digital society”
• What's new?

• Reassessment of concepts
e.g. consistency

• technological innovations
e.g. NoSQL, data stream systems 

• new analysis ideas
e.g. data mining 

• increasing complexity in
handling of data
Big Data

Bildquelle: camelia.boban (Wikimedia Commons), CC BY-SA 3.0



Finding key concepts of data management

Central question: Which CS ideas and concepts are central in DM?
• Development of an approach for the systematic data-based characterization of

a subject area
• Oriented towards Fundamental Ideas of Computer Science (Schwill) and Great 

Principles of Computing (Denning)
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Grillenberger, Andreas and Romeike, Ralf: Key concepts of data management: an empirical approach, In: Montero, Calkin Suero, Joy, Mike (eds.): Proceedings of the 17th 
Koli Calling Conference on Computing Education Research, 2017. 



A Model of Key Concepts of Data Management

technological perspective, primary research areas

central for using and 
designing DM systems

describe the function
of DM systems

tasks and activites related to
data management

Which topics are important?

How does it work?

What am I doing?

What do I want to achieve?

Grillenberger, Andreas and Romeike, Ralf: Key concepts of data management: an empirical approach, In: Montero, Calkin Suero, Joy, Mike (eds.): Proceedings of the 17th 
Koli Calling Conference on Computing Education Research, 2017. 



What should be taught - related to AI? 

Dear Prof. Dr. Romeike,

I am currently working on the topic of "Artificial Intelligence in Computer 
Science Education" as part of my work in the Computer Science Teaching 
Commission (state of XXX). I estimate the importance of this topic for computer 
science teaching very highly and would also like to integrate teaching units 
in the curriculum. For this purpose, I would like to formulate content-related 
competencies - starting from grade 6 up to grade 10. During my research, I 
came across some of your publications, but could not find any concrete 
competency formulations. That is why I am addressing you directly. Have you 
already formulated competencies on the topic of AI for teaching in general 
education schools that I could use as a guideline, or can you possibly point 
me in the direction of a contact person? I would be very grateful if you could help 
me further.

With kind regards
Dr. XXX (Headmaster)



What should be taught - related to AI? 

The recent advances in the field of Artificial Intelligence are related to 
machine learning, a subfield of AI. 

What are the ideas and principles behind
• „classic" Artificial Intelligence,
• machine learning, e.g. reinforcement 

learning?

Is it possible to teach AI in lower 
secondary in an appropriate way?

What should be taught?

How can it be explained to students?



Approaches to teaching AI



What should be taught... 

... related to quantum computing?

What should everyone and anyone know about
• qubits,
• superposition,
• quantum entanglement?

What are the ideas and principles of
quantum computer science?

Michaeli, Tilman, Seegerer, Stefan and Romeike, Ralf: Quanteninformatik als Thema und Aufgabengebiet informatischer Bildung, In: Humbert, Ludger 
(ed.): INFOS 2021 – 19. GI-Fachtagung Informatik und Schule, Gesellschaft für Informatik, Bonn, 2021.
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How to teach?

Project-based learning: Collaboration, self-organization, social interaction, …



How to teach?

Project-based learning: Collaboration, self-organization, social interaction, …

Agile  
values

Communication

Simplicity

Self-organization

Commitment

strength
of purpose/ focus

Respect

Courage

Transparancy

Feedback

… based on the waterfall model of
software development

… based on agile methods of
software development



Development of an agile framework for project-based 
learning with design-based research



Design-Based Research (DBR)

24

2013

2014, 2015,
2016



Research-led implementation and further development
with design-based research



Research-led implementation and further development
with design-based research

Process:
• a total of three cycles evaluated
• approx. 400 pupils
• different contexts: 

• compulsory courses, elective courses, optional 
courses

• 8th grade to high school
Data Collection:
• Guided interviews, exemplary project

documentation and results

Strengths of the approach: 
• cooperation with teachers at eye level 
• fruitful and sustainable design of teacher 

training 
• teachers continued as multipliers



Development of an agile framework for project-based 
learning with design-based research



From question answerer to coach and observer

My role as a teacher changed from 
"question answerer" and "fault finder" to 
50% coach and 50% observer.

I was able to observe very well the technical 
learning progress and the positive development 
of social and organizational skills in the 
students. There was no longer any talk of 
waiting too long for support. Although I hardly 
ever had to help, the learners stated in the 
feedback that they felt well looked after.

“



Independent, goal-oriented way of working

I was pleasantly surprised when a colleague 
asked me what I did with my students.

"When I give your students an assignment," 
she reported, "your students start working, 
while mine all come forward and ask 
questions first." Apparently, the project 
experience led to a sustained, more independent, 
goal-oriented way of working.

“
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With what?



Smerge: A version control system for collaborative
working with Snap!



Smerge: A version control system for collaborative
working with Snap!

Work collaboratively…



Smerge: A version control system for collaborative
working with Snap!

…post…



Smerge: A version control system for collaborative
working with Snap!

…(s)merge!

Seegerer, Stefan, Michaeli, Tilman and Romeike, Ralf: Investigating How Novices Use and Collaborate with a Version Control System for Block-
Based Languages, In: LaTiCE2020: The Seventh International Conference on Learning and Teaching in Computing and Engineering, 2020.
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