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https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
https://www.informaticsforall.org/
https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
https://www.dropbox.com/s/f2yh7cnog7dxbxn/Informatics%20as%20a%20Fundamental%20Discipline%20for%20the%2021st%20Century%20%28CACM%29.pdf?dl=0
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The Vision
Informatics is a new aspect of 'bildung’

– a new fundamental competence for all
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Mathematics is (primarily) the language of the natural sciences

Informatics is a language of all disciplines
becoming



Danish Broadcasting Corporation’s

Rosenkjær Lectures

Peter Naur (1928-2016)
Turing Laureate (2005)

To conceive the proper place of informatics in the curriculum, 

it is natural to compare with subjects of similar character.  One 

will then realise, that languages and mathematics are the 

closest analogies.

Common for the three is also their character as tools for many 

other subjects.

1966-67

When informatics has become established in general education, the 

mystery surrounding computers will dissolve.

This is perhaps the most important reason for including informatics 

in general education.  This will ensure that the ruling of computers 

and their use is not left to a small group of experts, but will become 

a usual political matter and thus, through the political system, comes 

to lie where it should – with all of us.

https://en.wikipedia.org/wiki/Peter_Naur


Foundations of competences
Informatics – the new kid on the block

Informatics is the language and the science behind the digital revolution.

Informatics is becoming a language of all disciplines.

Informatics – a fundamental discipline for the 21st century.

Informatics is now playing the role, which mathematics 
did from the 17th through the 20th centuries: Providing 
an orderly, formal framework and exploratory 
apparatus for other sciences.
 George Djorgovski (2005)



Spoken language

Computational

literacy

Written language

Computational language
– A new cultural technique

Mathematical language

Computational

language



Computational literacy/fluency
Two videos from the Lifelong Kindergarten group @ MIT Media Lab

Coding is a new way for people to share ideas with the world

– an extended form of writing. 

CACM, November 2020

Like we learn to write and write to learn, we must learn to code and code to learn.

https://www.youtube.com/watch?v=4XE8ezZp8BA
https://vimeo.com/460590270


It is indeed

too odd

    for words

that half's

three quarters

    of two thirds.

        - Piet Hein

Natural vs. mathematical language



Central

Stochastic methods, differential equations

and lots of other “good stuff”

40 pages of non-trivial mathematics

Decentral

Simple local rule: (a+b) / 2

Emergence and dynamics "for free"

Agent-based modelling (ABM)

Wave model

Mathematical vs. computational language



Decentral

Simple local rule

Emergence and dynamics "for free"

Agent-based modelling (ABM)

March 14, 2020

Epidemic model

Central

Stochastic methods, differential equations

and lots of other “good stuff”

25 pages of non-trivial mathematics

Mathematical vs. computational language (2)

https://www.dropbox.com/s/ab7amnmp4py89it/2004%20--%20Viggo%20Andreasen%20--%20Introduktion%20til%20matematisk%20infektionsepidemiologi%2C%20n215-1.pdf?dl=0
https://www.washingtonpost.com/graphics/2020/world/corona-simulator/
http://modelingcommons.org/browse/one_model/6223#model_tabs_browse_nlw


Kristen Nygaard:  To program (is to model) is to understand

Nygaard on object-oriented programming

A program execution is regarded as a physical model, 

simulating the behaviour of either a real or imaginary part 

of the world.

“To program is to understand”

Nygaard thought programming should not be considered 

a low-level technical discipline designed just to 

accomplish a specific task, but that writing a program 

should enhance understanding of the problem domain.

1926-2002

A.M. Turing Award The BETA book

https://amturing.acm.org/award_winners/nygaard_5916220.cfm
https://beta.cs.au.dk/Books/betabook.pdf


Modelling of dynamic systems

Mathematical

modelling

Computational

modelling

Coupled differential equations,

stochastic methods, ...

– mathematics vs. informatics

Object-oriented

programming

Agent-based

modelling



Beyond the centralized mindset

Seymour Papert and one turtle Mitch Resnick and 1,000 turtles

Logo, 1967 StarLogo

(PhD, 1992)

Uri Wilensky (and a dolphin)

NetLogo

(PhD, 1993)

An Introduction to Agent-Based Modeling

https://mitpress.mit.edu/9780262731898/an-introduction-to-agent-based-modeling/


Viggo Andreasen
Associate professor in mathematical epidemiology

Roskilde University

Frequently on national TV during the pandemic...

Diagram
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Introduction to mathematical infection epidemiology

https://www.dropbox.com/s/mgfj1omz7dyejwe/2004-04-21%20%E2%80%93%20Viggo%20Andreasen%20%E2%80%93%20Introduktion%20til%20matematisk%20infektionsepidemiologi.pdf?dl=0
https://www.dropbox.com/s/mgfj1omz7dyejwe/2004-04-21%20%E2%80%93%20Viggo%20Andreasen%20%E2%80%93%20Introduktion%20til%20matematisk%20infektionsepidemiologi.pdf?dl=0
https://www.dropbox.com/s/mgfj1omz7dyejwe/2004-04-21%20%E2%80%93%20Viggo%20Andreasen%20%E2%80%93%20Introduktion%20til%20matematisk%20infektionsepidemiologi.pdf?dl=0


At frequent meetings in the Prime Ministry, health minister Magnus Heunicke used

the poster with the two curves to illustrate the development of infection in the population.



1st ABM example: Spread of infection (1)

Description of the phenomenon at agent level 

– a local model

Agent-based modelling

Transparent and accessible for almost all

Description of the phenomenon at 

systems level – a centralised model

Mathematical analysis vs. agent-based modelling

Accessible for almost none

Coupled differential equations



1st ABM example: Spread of infection (2)
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Receptive

Spread of infection

Time

Pe
rs

on
s



A white paper from 2013
Future Directions in Computing Education Summit Part One:

Important Computing Education Research Questions 

CSEport-19.jpg

Palle      Nowack

Peer-reviewed version in proceedings of Koli Calling 2014

Peer-reviewed version in proceedings of Koli Calling 2014 

https://cs.au.dk/~mec/publications/conference/45--koli2014.pdf
https://cs.au.dk/~mec/publications/conference/45--koli2014.pdf
https://cs.au.dk/~mec/publications/conference/45--koli2014.pdf
https://cs.au.dk/~mec/publications/conference/45--koli2014.pdf
https://cs.au.dk/~mec/publications/conference/45--koli2014.pdf


2nd ABM example: Tipping point – forest fire (1)

Trees are the agents

Green trees

One rule: 1) Do nothing

Red (burning) trees

Two rules:

1) Ignite neighbouring trees

2) Burn out

Density: 57 %



Density: 57 % Density: 61 %

2nd ABM example: Tipping point – forest fire (2)

Repeated simulations



Density: 57 %:   ~ 8,3 %

Density: 61 %:    ~ 83 %

2nd ABM example: Tipping point – forest fire (3)

[ 12.7 ; 9.1 ; 8.0 ; 7.2 ; 4.4 ; 8.0 ; ... ]

[ 81.5 ; 75.5 ; 84.5 ; 86.0 ; 85.8 ; ... ]



Informatics in other subjects in high school

CT in high school subjects

1,5 mio. DKK

CT in math and

natural science subjects

7,75 mio. DKK

Modelling and CT in

high school subjects

2,2 mio. DKK

Digital empowerment in

high school subjects

0,6 mio. DKK

2017 2018-2020 2018-2022 2019-

– some projects since 2017

An additional ABM project in 2025-2026

https://cctd.au.dk/projects/digital-empowerment-in-danish-high-schools/


Students learn using ...

The CMC Approach: Teaching activities integrating

• Content (subject matter, e.g. Biology)

• Modelling

• Coding

A white cover with black text

Description automatically generated

SIGCSE TS 2019

https://youtu.be/9R9r5w2Gr-w?si=WRQEj9KlThc7xeDm

https://www.youtube.com/watch?v=9R9r5w2Gr-w
https://dl.acm.org/doi/10.1145/3287324.3287452


Students learn 
both subject matter and computational modelling

• Agent-based models in Biology
• Tested by concepts inventory questions

A screenshot of a computer

Description automatically generated

J. Bio. Ed. 2022
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Intervention Comparison

Q1-3: Biology questions on randomness 

and variation – traditionally difficult topics

Developed by Palle Nowack PhD

https://www.tandfonline.com/doi/full/10.1080/00219266.2022.2118353


Students’ transfer of learning

Musaeus, L. H., & Musaeus, P. (2024). Computational Thinking and Modeling: A Quasi-Experimental 
Study of Learning Transfer. Education Sciences, 14(9), 980.

Figure 6. Mean scores of students’ answers pre- and post-
interventions.

Figure 7. Mean scores of students’ instruction sequence 
descriptions: pre- and post-interventions.

Identify elements and 

simplifications in the 

model related to the 
real-life phenomenon.

Describe a procedure 

as a sequence of 

instructions related to 

a problem within a 

specific computer 
model.

Intervention group participted in teaching activities in Math 

and Social Science

Comparison group participated in traditional teaching in 

Math and Social Science

Both groups participated in modelling tests unrelated to the 

teaching activities



Professional development 
for high school teachers

• Modelling in Math, Science, and Social Science 
• Using the CMC approach
• Educating in-service high school teachers: three 

runs of the course (2019, 2021, 2022), a total of 
120 teachers representing 44 high schools, and 
more than 2000 students.

• 84 teaching units available at: https://graspit.dk/
• During the course, a template for designing 

teaching activities in modelling was developed by 
design-based research in collaboration with 
teachers.

Supported by CCTD at Aarhus 

University, Villum Foundation, and a 

collaboration of high schools with 

focus on STEM education 



A Template 
for Teaching Computational Modelling in High School

Musaeus, L. H., Caspersen, M. E., & Musaeus, P. (2023, September). A Template for Teaching Computational 

Modelling in High School. In Proceedings of the 18th WiPSCE Conference on Primary and Secondary 
Computing Education Research (pp. 1-10).

Percentage of teaching activities relating to 

each parameter in the  ’Prog+’ group (dark) and 

the ‘Prog-’ group (light)



Modelling 
in other subjects

Data-driven computing pedagogical approach
Inspired by Morales-Navarro & Kafai and Tedre et al.

1. step: NLP hands-on teaching activities

‘Bag of words’
Developed by Luke John Conelly

Luis Morales-Navarro and Yasmin B Kafai. 2024. Unpacking Approaches to Learning 

and Teaching Machine Learning in K-12 Education: Transparency, Ethics, and Design 

Activities. In Proceedings of the 19th WiPSCE Conference on Primary and Secondary 

Computing Education Research. 1–10.

Matti Tedre, Peter Denning, and Tapani Toivonen. 2021. CT 2.0. In Proceedings of the 

21st Koli Calling International Conference on Computing Education Research . 1–8.



Machine learning in Danish
2. step: Fine-tuning of a LLM

Sentences from a HC Andersen fairytale are categorised by the students 
as negative, positive, or neutral. 

Developed by Karl-Emil Bilstrup 
& Martin Thomsen Østergaard



Students’ understanding 
of ML

Template used to measure students’ 
knowledge of technical concepts and 
traning a model Intervention and comparison group:

Students’ use of ‘data’ in their answers to 

template questions

The results indicate that students already have an 

everyday understanding of ML in their everyday life. 

The students all used concepts such as data, train, 

learning, and pattern recognition, before the activities. 

However, after the hands-on experiences, students 

showed a more nuanced use of the concept of ’data’ 

and ’learning’ in both their written and verbal 

communication. This was not seen in the comparison 

group. 

Musaeus et al. (submitted). Teaching Tools and Activities for NLP 

and LLM in High School Informatics. ITiCSE2025.

Students’ use of ‘learn’ and ‘data’ in their answers 

to template questions.



Some resources



Epistemic Programmingby Sven Hüsing, Carsten Schulte, and Felix WinkelnkemperChapter 22 inSentance, Barendsen, Howard, and Schulte (Eds.),Computer Science Education: Perspectives on teaching and learning in school,Bloomsbury, 2023.

Epistemic Programming

by Sven Hüsing, Carsten Schulte, and Felix Winkelnkemper

Chapter 22 in

Sentance, Barendsen, Howard, and Schulte (Eds.),

Computer Science Education: Perspectives on teaching and learning in school,

Bloomsbury, 2023.

Epistemic programming
Key points

A close-up of a person's head

Description automatically generated

• Programming is not only a necessity in order to build new software products but also 

a tool for thinking, gaining and presenting (new) insights.

• Epistemic programming ...

– will be an important literacy for communication in a digital and data-driven world,

– allows a different introduction to programming and programming languages that might spark interest 

and motivation in such learners who would not be interested in learning programming per se,

– allows a low threshold to include data science in the computer science classroom,

– is not solely focused on teaching job-related skills but (like the photographer mentioned in the 

beginning of the chapter) to foster subjectivation and developing individual capacities to pursue one’s 

own interests and curiosity.

https://www.bloomsbury.com/uk/computer-science-education-9781350296909/
https://www.bloomsbury.com/uk/computer-science-education-9781350296909/
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Agent-based modelling in education
by assistant professor Arthur Hjorth, Aarhus University

https://panopto.au.dk/Panopto/Pages/Embed.aspx?id=793a60e2-eede-4b57-91d9-ae7f00bf25a1&autoplay=false&offerviewer=true&showtitle=true&showbrand=false&captions=false&interactivity=all


Screen Shot 2016-12-16 at 00.32.06.png

http://ct-stem.northwestern.edu/
http://ct-stem.northwestern.edu/


Some tendencies and opportunities

Computational modelling in- public policy- business and manufacturing- finance and economics- ...

Computational modelling in

- public policy

- business and manufacturing

- finance and economics

- ...

Computational essays

Computational essays

https://www.gov.uk/government/publications/computational-modelling-blackett-review
https://www.theatlantic.com/science/archive/2018/04/the-scientific-paper-is-obsolete/556676/
https://www.gov.uk/government/publications/computational-modelling-blackett-review
https://www.theatlantic.com/science/archive/2018/04/the-scientific-paper-is-obsolete/556676/
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Computational literacyas a driver for disciplinary renewal

Computational literacy

as a driver for disciplinary renewal

Two highly recommendable talks

Our success as a species rests not on our running speed, thick hide or acute sense of smell, but on our ability to communicate. We communicate through symbols – you did not drag a lion to the campfire to present the concept of ‘lion’. We seem to have an unbounded ability to invent new systems of symbols. They could be called languages or more precisely (and boringly) modes of expression.In this talk I will argue that IT opens the door to a profoundly new mode of expression. The novelty of what we here call computational thinking is on par with writing and mathematics. Through anecdotal evidence from previous revolutions, I try to sketch the enormity of the revolution facing us and end with a modest proposal to improve the chances of (net) success for our journey.

Our success as a species rests not on our running speed, thick hide or acute sense of smell, but on our 

ability to communicate. We communicate through symbols – you did not drag a lion to the campfire to 

present the concept of ‘lion’. We seem to have an unbounded ability to invent new systems of symbols. 

They could be called languages or more precisely (and boringly) modes of expression.

In this talk I will argue that IT opens the door to a profoundly new mode of expression. The novelty of what 

we here call computational thinking is on par with writing and mathematics. Through anecdotal evidence 

from previous revolutions, I try to sketch the enormity of the revolution facing us and end with a modest 

proposal to improve the chances of (net) success for our journey.

 Computing – using computers to solve problems – is changing the practice of the natural sciences, humanities, and social sciences. However, most educational content does not yet reflect this change and the use of computing is currently sparsely integrated into educational curriculums. This poses an exciting opportunity to rethink the contents of our educations and to integrate the use of computing as a natural component in the various disciplinary subjects. This opens for teaching students computational literacy and allowing them to develop computing as a natural part of their professional skill-set and identity.  We provide examples of how the integration of computing into science education programs has changed both the content and the form of the education. We will focus on how it provides students with opportunities to pursue realistic problems through authentic workflows, to participate in research early in their education, and to develop computational literacy through computational essays. We provide examples of how similar principles can be integrated in social science, such as economics, and the humanities.

Computing – using computers to solve problems – is changing the practice of the natural sciences, 

humanities, and social sciences. However, most educational content does not yet reflect this change and 

the use of computing is currently sparsely integrated into educational curriculums.

This poses an exciting opportunity to rethink the contents of our educations and to integrate the use of 

computing as a natural component in the various disciplinary subjects. This opens for teaching students 

computational literacy and allowing them to develop computing as a natural part of their professional skill-

set and identity.

We provide examples of how the integration of computing into science education programs has changed 

both the content and the form of the education. We will focus on how it provides students with 

opportunities to pursue realistic problems through authentic workflows, to participate in research early in 

their education, and to develop computational literacy through computational essays.

We provide examples of how similar principles can be integrated in social science, such as economics, 

and the humanities.

Revolution in the head– the long-term perspectives ofinformatics

Revolution in the head
– the long-term perspectives of

informatics

https://youtu.be/dcnj69gYsAc?t=77
https://youtu.be/dcnj69gYsAc?t=77
https://youtu.be/4gCGFHDhpbI?t=48
https://youtu.be/4gCGFHDhpbI?t=48
https://youtu.be/dcnj69gYsAc?t=77
https://youtu.be/4gCGFHDhpbI?t=48


Seymour Papert

on computational 

thinking

Computational thinking is

the use of programming

 – as an extension of our mind –

to experience and understand the world, 

to manipulate the world,

and to create things

 that matter to us.

Seymour Papert

Seymour Papert (1980).  Mindstorms: Children, computers and powerful ideas.

New York, Basic Books, Inc. p. 9.
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