
Epistemic Programming 

and 

Creative Coding
Programming as an Empowering Means for Self-

Expression and Communication
Sven Hüsing, Carsten Schulte and Dan Verständig

Paderborn Colloquium on Data Science and Artificial Intelligence in School

1



2

Roadmap for today

Sven Hüsing, Carsten Schulte and Dan Verständig

1 2 3

history of programming

and education

connecting education 

and programming

epistemic dimensions of 

programming and coding

4

conclusion and 

discussion



3

Historical view on Programming Education
1970s: From language courses to modeling/problem solving

Sven Hüsing, Carsten Schulte and Dan Verständig

📦📖→ 🤨💡

Merrienboer & Krammer (1987); Schulte 
(2013)
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From Modeling to Shaping/Designing

1980s and 1990s:

problem-solving thinking = algorithmic thinking

software-development = problem-solving

Schulte (2001)
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From Modeling to Shaping/Designing

1980s and 1990s:

problem-solving thinking = algorithmic thinking

software-development = problem-solving

Hubwieser (1999); Schubert (1991); Schulte (2001)

Modeling vs. Coding/Hacking
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From Modeling to Shaping/Designing

1980s and 1990s:

Hubwieser (1999); Schubert (1991); Schulte (2001)

Modeling vs. Coding/Hacking

Wolfram (2020)

Define
Questions

Abstract
To Computable Form

Compute
Answers

Interprete
Results

Problem-Solving 

= 

“Converting problems formulated in everyday language into formal relationships”
Eberle (1996, p. 329, translated)
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From Modeling to Shaping/Designing

1980s and 1990s:

teaching goal = teaching problem-solving-skills

teaching content = modeling

connection with CS = software-engineering
Schulte (2001)
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From Modeling to Shaping/Designing

1980s and 1990s:

➔Initial Aim: 

Integrating societal impacts of CS through turning to 

modeling and to software engineering methods

Schulte (2001)
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From Modeling to Shaping/Designing

1980s and 1990s:

➔Initial Aim: 

Integrating societal impacts of CS through 

turning to modeling and to software 

engineering methods
Schulte (2001)

“in the series of lessons studied, it is not possible, after algorithmization and programming, to relate 

these activities back to social issues” (Forneck, 1992, p.229, translated)
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From Modeling to Shaping/Designing

Chandler (1995); Schulte (2001)

relation of CS and society: technological determinism

➔ “technology in general are the sole or prime antecedent causes 

of changes in society, and technology is seen as the 

fundamental condition underlying the pattern of social 

organization”
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From Modeling to Shaping/Designing

Bellin & Simone (1997); Schulte (2001)

Revolution through Object Orientation

➔ Problem-Solving-Process consisting of several iterations

➔ networked thinking

https://www.istockphoto.com/de/vektor/cartoon-jazz-musiker-gruppe-
vektor-illustration-gm1161177924-318084261

https://www.mv-brackenheim.de/orchester/

https://www.istockphoto.com/de/vektor/cartoon-jazz-musiker-gruppe-vektor-illustration-gm1161177924-318084261
https://www.istockphoto.com/de/vektor/cartoon-jazz-musiker-gruppe-vektor-illustration-gm1161177924-318084261
https://www.mv-brackenheim.de/orchester/
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From Modeling to Shaping/Designing

Bellin & Simone (1997); Schulte (2001)

Revolution through Object Orientation

➔ Problem-Solving-Process consisting of several iterations

➔ networked thinking

➔ wider range of problems/more authentic problems

=> Student as lerner in an active role
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From Modeling to Shaping/Designing

Schulte (2001); Schulte & Budde (2018)

Revolution through Object Orientation

Modeling != mapping of the real world situation

Modeling as designing complete systems

Shaping and Being Shaped
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From Modeling to Shaping/Designing

Schulte (2001)

Conclusion: Object-Orientation:

● more open questions/problems regarding programming (in school)

○ not only algorithmically solvable problems

● cognitive and CS learning goals

● Interaction of Human and Computer/Programs
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3 Dimensions of Education

Sven Hüsing, Carsten Schulte and Dan Verständig

1

2

3

education as output (governance)

education as goal (individual learning)

education as process of transformative 

learning (philosophy of education)
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Framework to describe goals of subject related education

Sven Hüsing, Carsten Schulte and Dan Verständig

GFD (2009); Schulte (2013)

Participation

Developing Identity

Coping with affordances
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Framework to describe goals of subject related education

Sven Hüsing, Carsten Schulte and Dan Verständig

🛠

💡

🤷
creating, producing, participation

thinking, coping with affordances

expressions and self-development

GFD (2009); Schulte (2013)

Participation

Developing Identity

Coping with affordances
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Framework to describe goals of subject related education

Sven Hüsing, Carsten Schulte and Dan Verständig

🛠

💡

🤷
creating, producing, participation

projects

thinking, coping with affordances

trial and error/experiments

expressions and self-development

remixing

Schulte (2013)

Participation

Developing Identity

Coping with affordances
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Vision of Epistemic Programming



20

Epistemic Programming - Products

Sven Hüsing, Carsten Schulte and Dan Verständig

(Wilensky et al. , 2014)
(also see Seoane et al. (2022))
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Epistemic Programming - Products

Sven Hüsing, Carsten Schulte and Dan Verständig

(Wilensky et al. , 2014)
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Epistemic Programming - Products

Sven Hüsing, Carsten Schulte and Dan Verständig

(Wilensky et al. , 2014)
see Bereiter (1980); Overstreet (2022)
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● Example:

Computational Essays - Exploring the Example

Sven Hüsing, Carsten Schulte and Dan Verständig
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Computational Essays

Sven Hüsing, Carsten Schulte and Dan Verständig

● Making programming results as well as 

emerging insights comprehensible and 

reproducible for the reader

● from reader to tinkerer to programmer
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Computational Essays
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● Making programming results as well as 

emerging insights comprehensible and 

reproducible for the reader

● from reader to tinkerer to programmer

visualizations, simulations, 
statistical variables, 

interactive dialogues



26

Computational Essays

Sven Hüsing, Carsten Schulte and Dan Verständig

● Making programming results as well as 

emerging insights comprehensible and 

reproducible for the reader

● from reader to tinkerer to programmer

visualizations, simulations, 
statistical variables, interactive 

dialogues

adaptable and executable
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Computational Essays

Sven Hüsing, Carsten Schulte and Dan Verständig

● Making programming results as well as 

emerging insights comprehensible and 

reproducible for the reader

● from reader to tinkerer to programmer

visualizations, simulations, 
statistical variables, interactive 

dialogues

adaptable and executable

documentation of the code,
description of the process,

interpretation of results
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Epistemic Programming

Sven Hüsing, Carsten Schulte and Dan Verständig
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Epistemic Programming

Sven Hüsing, Carsten Schulte and Dan Verständig

How to empower young people - and especially 

programming novices - to use programming as a means 

for gaining personally relevant insights?
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Framework to describe goals of subject related education
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🛠

💡

🤷
creating, producing, participation

projects

thinking, coping with affordances

trial and error/experiments

expressions and self-development

remixing

Schulte (2013)

Participation

Developing Identity

Coping with affordances
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Framework to describe goals of subject related education
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3

2

1

creating, producing, participation

projects

thinking, coping with affordances

trial and error/experiments

expressions and self-development

remixing

Schulte (2013)

Participation

Developing Identity

Coping with affordances



32

Framework to describe goals of subject related education
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3

2

1

projects

trial and error/experiments

remixing

Schulte (2013)
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● Using libraries and existing tools and methods

● Worked Examples 

(Atkinson et al. (2000); 

Caspersen and Bennedsen (2007); 

Merrienboer and Krammer (1987))

○ Trial & Error; 

Tinkering

Scaffolding Epistemic Programming

Sven Hüsing, Carsten Schulte and Dan Verständig
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Exemplary Epistemic Programming Project

Sven Hüsing, Carsten Schulte and Dan Verständig
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creative coding and self-expression

Sven Hüsing, Carsten Schulte and Dan Verständig

● creative and aesthetical self-expression

● individual problem solving

● sensing the performativity of code
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creative coding and self-expression

Sven Hüsing, Carsten Schulte and Dan Verständig

● creative and aesthetical self-expression

● individual problem solving

● sensing the performativity of code

Soon & Cox (2020)Vee (2017)Montfort et al. 
(2014)
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Soon & Cox (2020)

creative coding and self-expression

aesthetic-programming.net

https://aesthetic-programming.net/
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Soon & Cox (2020)

creative coding and self-expression

gitlab.com/aesthetic-programming/book

https://gitlab.com/aesthetic-programming/book
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creative coding and self-expression

Sven Hüsing, Carsten Schulte and Dan Verständig
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creative coding and self-expression

Sven Hüsing, Carsten Schulte and Dan Verständig

02 Errors

03 Nature

04 Control

05 Power
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● Programming is not only a means for Software-Engineers to create complex 

software products.

● Programming can also empower people - and especially programming 

novices - to learn something about their environments regarding topics of 

interest.

● People can express themselves, own ideas or visions through 

programming.

● This can happen…

○ in a spiral-like process of tinkering and reflecting.

○ …based on remixing/combining/adapting code.

○ …within student-driven (data-)projects.

Lessons Learned

Sven Hüsing, Carsten Schulte and Dan Verständig
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