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Me, Teaching

• AP Computer Science 1987/1988
Radford High School
• Intro Programming for CS Students 1999-2011

University of Tübingen
• Intro Programming for Humanities Majors 1997-1999
• Training for Active Group 2012-
• Coworkers, friends, relatives
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People are naturally curious, 
but they are not naturally

good thinkers.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Factual knowledge
precedes skill.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Memory is the
residue of thought.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



We understand new things in 
the context of things we 

already know.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Proficiency requires practice.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Cognition is fundamentally 
different early and late in 

training.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Children are more alike than 
different in terms of learning.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Intelligence can be changed 
through sustained hard work.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Teaching, like any complex 
cognitive skill, must be 

practiced to be improved.

Daniel Willingham: Why Don’t Students Like School? Jossey-Bass, John 
Wiley & Sons, 2009.



Target audiences

• children
• high-school students
• university students
• professional developers
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Systematic Methods



Ingredients

• programming environment for learners
• programming languages for learners
• design recipes for systematic program construction



Straßenverkehrsordnung



Categorize German traffic violations!

• red-light violation, has place and duration (seconds)
• speeding violation, has place and km/h over

Write functions for:
• yielding the place of a violation
• classifying a violation as serious or not.



Overall Design Recipe

• short description
• data analysis
• signature
• tests
• skeleton
• template
• body
• check



Data Analysis: Compound Data

• recognize by consists of or has
• write data definition of that form
• count ingredients
• write record definition
• ensure counts match



Function accepting compound data

(define f
(lambda (c)

... (sel1 c) ... (sel2 c) ...))



Mixed Data

• recognize by or or one of
• write data definition of that form
• count alternatives
• write signature definition
• ensure counts match



Function accepting mixed data

(define f
(lambda (m)

(cond
((p1? m) ...)
((p2? m) ...)
...)))



Principles

• don‘t do examples whose construction you cannot explain
• name every technique
• reward every step
• insist on form
• measure success
• improve continuously



Creativity

• “Before you can think out of the box, you have to start with a box” 
• “Destiny, quite often, is a determined parent. Mozart was hardly 

some naive prodigy who sat down at the keyboard and, with God 
whispering in his ears, let music flow from his fingertips. It's a nice 
image for selling tickets to movies, but whether or not God has kissed 
your brow, you still have to work. Without learning and preparation, 
you won't know how to harness the power of that kiss.” 

Twyla Tharp: The Creative Habit. Simon & Schuster, 2006.



For whom does this work?

• children >=11 years
• beginning programmers
• programmers with pre-existing conditions
• professional developers



• more material: https://programbydesign.org/
• links & publications
• software
• book (English) „How to Design Programs“

(print version MIT Press)

https://programbydesign.org/


• more material: http://www.deinprogramm.de/
• links & publications
• software
• book (German) „Schreibe Dein Programm!“

(in development, free, in print 2019)

http://www.deinprogramm.de/

