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Computational thinking er
de kognitive processer som er involveret i
udvikling af it-artefakter og programmer

til at leve i verden i dag



1. Tre principielle kommentarer



Kommentar 1a:  Vi må sondre mellem

Kalkulation
(Charles Babbage)

og
Computation

(Ada Lovelace)



Again, it might act upon other things besides 'number' [...]

Supposing, for instance, that the fundamental relations of pitched sounds in the 
science of harmony and of musical composition were susceptible of such 
expression and adaptations, the engine might compose elaborate and scientific 
pieces of music of any degree of complexity or extent.

In fact, the engine may be described as being the material expression of 
any indefinite function of any degree of generality and complexity...

From Calculation to Computation

Ada Lovelace, 1843



Trykpresse-revolutionen
~ 1450
Læse og skrive
Fremmer menneskehedens kulturelle formåen

Den industrielle revolution
~ 1760
Matematik og naturvidenskab
Fremmer menneskehedens fysiske formåen og velfærd

Den computationelle revolution
~ 2000  (1843)
Informatik og computationelle metoder
Fremmer menneskehedens kognitive formåen

Mekanisering
Masseproduktion
Elektronisk automation af produktlinjer
Industri 4.0

Computationel automation og innovation
af komplekse (kognitive) processer
i alle aspekter af livet.

Store implikationer for dannelse
og uddannelse for alle!

Renæssance
Oplysning
Demokratisering
Dannelse og uddannelse

Tre revolutioner – i hovedet m.m.



Kommentar 1b:  Vi må sondre mellem

Specialiseret automat
(Pascalines)

og
Universel automat

(Analytical Engine)



Den universelle automat

Computeren alene kan intet

+

Med software kan den (næsten) alt

Computer + software  =  konkrete teknologier
(og vi er kun lige begyndt...)



Den computationelle revolution muliggør
automatisering af abstraktioner

over næsten vilkårlige strukturer og processer 
inden for alle fag, brancher og

videnskabelige domæner



Kommentar 2:  Jeannette Wings CT-vision

Wings definition og karakteristik af CT har aldrig været
ment som en anbefaling af nøglebegreber i et curriculum

Ikke begreber for et curriculum, 
men en vision for inklusion

i alle videregående uddannelser.

Jeannette Wing, Computational Thinking, 10 Years Later, CACM, Marts 2016

https://cacm.acm.org/blogs/blog-cacm/201241-computational-thinking-10-years-later/fulltext


Kommentar 3:  En revolution i forskning

MIT Press, 2012

Matti Tedre
Keynote @ ECSS 2015

The Computational “Paradigm” of Science
and its Discontents

(~40 definitioner på CS og disciplinens udvikling
– Plumber or Empore)

Matti Tedre and Peter Denning
In Informatics in the Future (2017)

Shifting Identities in Computing:
From a Useful Tool to a

New Method and Theory of Science

IEEE Computer, 2004 CACM, 2009

https://mitpress.mit.edu/books/computing
https://mitpress.mit.edu/books/computing
https://www.informatics-europe.org/images/ECSS/ECSS2015/slides/ECSS2015-Tedre.pdf
https://www.informatics-europe.org/images/ECSS/ECSS2015/slides/ECSS2015-Tedre.pdf
http://denninginstitute.com/pjd/PUBS/computing-identity-2017.pdf
http://denninginstitute.com/pjd/PUBS/computing-identity-2017.pdf
http://denninginstitute.com/pjd/PUBS/computing-identity-2017.pdf
https://www.dropbox.com/s/2o2p00zvelr8z4c/2004%20%E2%80%93%20Rosenbloom%20%E2%80%93%20A%20New%20Framework%20for%20Computer%20Science%20and%20Engineering.pdf?dl=0
https://www.dropbox.com/s/1lsutcgfnhirxuo/2009%20%E2%80%93%20Rosenbloom%20and%20Denning%20%E2%80%93%20Computing%2C%20The%20Fourth%20Great%20Domain%20of%20Science.pdf?dl=0


2. Perspektivering

Modellering og
computationelt sprog



Referencesystem
(domæne) Modelsystem

Modellering
(indkodning)

Modellering
Repræsentation af (abstraktion af) et domæne

mhp. at forstå egenskaber og dynamikker
(undersøge, udlede, påvise, afvise, ...)

Rep. A Rep. B

Repræsentationssprog
Åbner og afgrænser såvel kvalitativt som kvantitativt hvad der kan undersøges 

og hvordan og dermed hvilke egenskaber, der kan påvises.

Værdi gennem brug
og fortolkning

(afkodning)



Referencesystem
(domæne)

Computationelt
modelsystem

Begreber og 
brugssituationer

Fænomener og
komplekse problemer

Analyse og abstraktion

Digital
teknologi

Digitale
artefakter

Design og konstruktion

Computationel
modellering
(indkodning)

Nyt repræsentationssprog
Giver såvel kvalitativt som kvantitativt nye muligheder for, hvad der kan 
undersøges og hvordan og dermed hvilke egenskaber, der kan påvises.

Computationel modellering
Computationel  repræsentation af (abstraktion af) et domæne 

mhp. at forstå egenskaber og dynamikker
(undersøge, udlede, påvise, afvise, ...)

Værdi gennem brug
og fortolkning

(afkodning)



Den fjerde sprogform



1. Talesprog 2. Skriftsprog

3. Matematisk sprog 4. Computationelt sprog

=
Det tog menneskeheden 150 år at blive enige om tegnet for lighed

(1557 - 1700)

Informatik/CT – et nyt sprog, en ny kulturteknik



It is indeed
too odd

for words
that half's
three quarters

of two thirds.

- Piet Hein

Naturligt vs. matematisk sprog



Centralt
Stokastiske metoder, differentialligninger

og mange andre "gode" sager

40 sider ikke-triviel matematik

Decentralt
Simpel lokal regel: (a+b) / 2

Emergens og dynamik "foræret"

Agentbaseret modellering (ABM)

Matematisk vs. computationelt sprog (1)
Bølgemodel



Centralt
Stokastiske metoder, differentialligninger

og mange andre "gode" sager

25 sider ikke-triviel matematik

Decentralt
Simpel lokal regel

Emergens og dynamik "foræret"

Agentbaseret modellering (ABM)

Matematisk vs. computationelt sprog (2)

March 14, 2020

Epidemimodel

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


Beyond the Centralized Mindset

Seymour Papert og én turtle Mitch Resnick og 1.000 turtler

Logo, 1967 StarLogo
(PhD, 1992)

Uri Wilensky (og en delfin)

NetLogo
(PhD, 1993)



Computational Thinking



Computational Thinking

Thinking like a computer scientist



Computational Thinking

Thinking like a computer



Computational Thinking



Computational Thinking

Thinking with a computer



COGITARE CUM MACHINARUM 

https://it-vest.dk/aktiviteter/podcast-om-computational-thinking/


Tre sæsoner, 17 episoder ... and still counting

https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking


Computational
Thinking

– et buzzord?





Bonus Slides



Informatics for AllCS for All

Informatics for All

A similar joint effort
by a coalition of

the major
informatics organisations

in Europe

https://www.informaticsforall.org/


Informatics for All: The Strategy

https://www.informatics-europe.org/working-groups/informatics-education/informatics-for-all.html


Web-version

https://link.springer.com/book/10.1007/978-3-030-86144-5
https://link.springer.com/content/pdf/10.1007%2F978-3-030-86144-5_26.pdf
https://dighum.ec.tuwien.ac.at/perspectives-on-digital-humanism/
https://dighum.ec.tuwien.ac.at/perspectives-on-digital-humanism/informatics-as-a-fundamental-discipline-in-general-education-the-danish-perspective/


Flere ressourcer...

Podcast om computational thinking
Computational thinking – at tænke med maskiner er en 
podcast-serie fra It-vest om informatik og brugen af 
computationelle metoder i forskning og uddannelse.

Sæson 1 har fokus på forskning, og du møder en række 
forskere, lige fra fysik til litteraturvidenskab, der fortæller, 
hvordan de med computermodeller og data kan skabe helt 
nye resultater, som ikke var mulige for mennesket alene.

Sæson 2 har fokus på uddannelse, og vi tager dig med på 
besøg både i folkeskolen, i gymnasiet og hos forskere for at 
tale om brugen af modeller i undervisningen. Man kan høre 
om klimamodeller, NetLogo, sukkerplantager og meget mere.

Der er nu 12 episoder i serien, men mange flere er på vej.
Lyt med og bliv overrasket, informeret og nysgerrig på mere...

https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking
https://it-vest.dk/aktiviteter/informatik-og-computational-thinking/
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.it-vest.dk/fileadmin/user_upload/pdf/2018-12-18--Computational-Thinking--hvorfor-hvad-og-hvordan--PRINT-2-sided.pdf


Podcast om computational thinking

10 grunde til at informatikfaglighed bør være obligatorisk
i folkeskolen og ungdomsuddannelserne

En begrundet kritik af benævnelsen 'teknologiforståelse', men 
primært argumenter for et nyt fundamentalt fag i almen uddannelse

https://www.dropbox.com/s/xqljyn6gr8q2kjk/2021%20%E2%80%93%20Caspersen%2C%20Fra%20teknologiforst%C3%A5else%20til%20informatik%2C%20MONA%202021-1.pdf?dl=0
https://www.dropbox.com/s/e2rob52xqjgg34s/2020-01-28%20--%20Argumenter%20for%20et%20selvst%C3%A6ndigt%20fag%20i%20teknologiforst%C3%A5else%3Ainformatik.pdf?dl=0


Informatik som en fjerde sprogform

https://www.dropbox.com/s/fh7begoggy5kkwu/2019-12-01%20--%20Om%20teknologiforst%C3%A5else%20%E2%80%93%20og%20informatik%20som%20en%20fjerde%20sprogform.docx?dl=0
https://www.dropbox.com/s/fh7begoggy5kkwu/2019-12-01%20--%20Om%20teknologiforst%C3%A5else%20%E2%80%93%20og%20informatik%20som%20en%20fjerde%20sprogform.docx?dl=0
https://www.dropbox.com/s/fh7begoggy5kkwu/2019-12-01%20--%20Om%20teknologiforst%C3%A5else%20%E2%80%93%20og%20informatik%20som%20en%20fjerde%20sprogform.docx?dl=0
https://www.dropbox.com/s/fh7begoggy5kkwu/2019-12-01%20--%20Om%20teknologiforst%C3%A5else%20%E2%80%93%20og%20informatik%20som%20en%20fjerde%20sprogform.docx?dl=0


Tidsskriftet MONA
(Matematik- og Naturfagsdidaktik)
September 2019, pp. 69-79.

Programmering af en simulering
af fotosyntese (i Scratch).

Lavet individuelt af 36 elever på 7. årgang
med elever i 3. klasse som målgruppe.

Eksempel

https://www.dropbox.com/s/2g2f8e6amwkdc39/2019%20--%20Damlund%20--%20Teknologiforst%C3%A5else%20%E2%80%93%20hvorfor%20og%20hvordan.pdf?dl=0
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-12-intelligente-skolemoebler-og-mikrocomputere-computationelle-kompetencer-i-folkeskolen


https://cc.au.dk/aktuelt/nyheder/nyhed/artikel/default-942818124e


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

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


Computational Literacy & Essay

Andrea diSessa, professor @ UC Berkeley
Changing Minds: Computers, Learning and Literacy, MIT Press (2000)

If a true computational literacy comes to exist,
it will be infrastructural in the same way current literacy is in current schools.

Students will be learning and using it constantly through their schooling careers and beyond in 
diverse scientific, humanistic, and expressive pursuits.

Outside of schools, a computational literacy will allow civilization to think and do things that will 
be new to us in the same way that the modern literate society would be almost 
incomprehensible to preliterate cultures.

Computational essay: A type of essay that integrates text with programs, interactive diagrams 
and computational tools to express an idea.



Skriftsprog og matematik

Computationelt sprog

Statisk og deskriptivt  (analogt)
Lukket (matematik) ...

Dynamisk og generativt  (digitalt)
Åbent...

https://www.dropbox.com/s/zxrfauhwb4utrzq/2019-10-09%20--%20Systemforst%C3%A5else%20%E2%80%93%20et%20fag%2C%20du%20ikke%20kan%20f%C3%A5%20-%20Altinget%3A%20digital%20-%20Udgives%20sammen%20med%20Mandag%20Morgen%20Next.pdf?dl=0
https://www.dropbox.com/s/zxrfauhwb4utrzq/2019-10-09%20--%20Systemforst%C3%A5else%20%E2%80%93%20et%20fag%2C%20du%20ikke%20kan%20f%C3%A5%20-%20Altinget%3A%20digital%20-%20Udgives%20sammen%20med%20Mandag%20Morgen%20Next.pdf?dl=0
https://www.dropbox.com/s/zxrfauhwb4utrzq/2019-10-09%20--%20Systemforst%C3%A5else%20%E2%80%93%20et%20fag%2C%20du%20ikke%20kan%20f%C3%A5%20-%20Altinget%3A%20digital%20-%20Udgives%20sammen%20med%20Mandag%20Morgen%20Next.pdf?dl=0
https://www.dropbox.com/s/r29npwzpvfheoj4/2014--Nowack%20and%20Caspersen--Model-based%20Thinking%20and%20Practice.pdf?dl=0
https://link.springer.com/article/10.1007/s10956-015-9581-5
https://link.springer.com/article/10.1007/s10956-015-9581-5
https://link.springer.com/article/10.1007/s10956-015-9581-5
https://link.springer.com/article/10.1007/s10956-015-9581-5
https://www.dropbox.com/s/57w4wji8lf1nbb9/2015--Weintrop%2C%20Beheshti%2C%20Horn%2C%20Orton%2C%20Jona%2C%20Trouille%2C%20and%20Wilensky--Defining%20Computational%20Thinking%20for%20Mathematics%20and%20Science%20Classrooms.pdf?dl=0


Stephen Wolfram om CT (2016)
Its intellectual core is about formulating things with enough clarity, 
and in a systematic enough way, that one can tell a computer how 
to do them.

Mathematical thinking is about formulating things so that one can 
handle them mathematically, when that’s possible.  Computational 
thinking is a much bigger and broader story, because there are just 
a lot more things that can be handled computationally.

Computational thinking is going to be a defining feature of the future—and it’s an 
incredibly important thing to be teaching to kids today.

There’s always lots of discussion (and concern) about how to teach traditional 
mathematical thinking to kids.  But looking to the future, this pales in comparison to the 
importance of teaching computational thinking.

Yes, there’s a certain amount of traditional mathematical thinking that’s needed in 
everyday life, and in many careers.  But computational thinking is going to be needed 
everywhere. And doing it well is going to be a key to success in almost all future careers.

https://writings.stephenwolfram.com/2016/09/how-to-teach-computational-thinking/


Computationelle metoder

Computational essays

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

https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/682579/computational-modelling-blackett-review.pdf
https://www.dropbox.com/s/zxrfauhwb4utrzq/2019-10-09%20--%20Systemforst%C3%A5else%20%E2%80%93%20et%20fag%2C%20du%20ikke%20kan%20f%C3%A5%20-%20Altinget%3A%20digital%20-%20Udgives%20sammen%20med%20Mandag%20Morgen%20Next.pdf?dl=0
https://www.dropbox.com/s/zxrfauhwb4utrzq/2019-10-09%20--%20Systemforst%C3%A5else%20%E2%80%93%20et%20fag%2C%20du%20ikke%20kan%20f%C3%A5%20-%20Altinget%3A%20digital%20-%20Udgives%20sammen%20med%20Mandag%20Morgen%20Next.pdf?dl=0
https://www.theatlantic.com/science/archive/2018/04/the-scientific-paper-is-obsolete/556676/


Udvalgte podcast-episoder
Episode 9

• Systemforståelse med agentbaseret modellering og tusindvis af virtuelle skildpadder

Episode 10, 11
• Klimamodeller og cellemembraner – kode og faglighed i smmuk balance
• Sukkerrør og barselsorlov – modeler i samfundsfag og historie

Episode 12
• Intelligente skolemøbler og mikrocomputere – computationelle kompetencer i folkeskolen

Episode 14
• Penduler, tornadoer og omvendt tyngdekraft – fysikuddannelse med computationelle 

færdigheder

Episode 17
• Simple agenter og komplekse fænomener – oprindelsen af agentbaseret modellering

Links til episoder

https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-9-systemforstaaelse-med-agentbaseret-modellering-og-tusindvis-af-virtuelle-skildpadder
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-10-klimamodeller-og-cellemembraner-kode-og-faglighed-i-smuk-balance
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-11-sukkerroer-og-barselsorlov-modeller-i-samfundsfag-og-historie
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-12-intelligente-skolemoebler-og-mikrocomputere-computationelle-kompetencer-i-folkeskolen
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-14-penduler-tornadoer-og-omvendt-tyngdekraft-fysikuddannelse-med-computationelle-faerdigheder
https://www.it-vest.dk/aktiviteter/podcast-om-computational-thinking/episode-17-simple-agenter-og-komplekse-faenomener-oprindelsen-af-agentbaseret-modellering


Two notable Norwegian initiatives

Kick-off seminar today and tomorrow!

https://www.oslomet.no/en/research/research-projects/mascot
https://www.oslomet.no/en/research/research-projects/mascot
https://www.dropbox.com/s/kftwmxd69lfigw3/Computational%20literacy%20as%20a%20driver%20for%20disciplinary%20renewal%2C%20Anders%20Malthe-S%C3%B8renssen%2C%20Center%20for%20Computing%20in%20Science%20Education%2C%20University%20of%20Oslo.mp4?dl=0
https://www.dropbox.com/s/kftwmxd69lfigw3/Computational%20literacy%20as%20a%20driver%20for%20disciplinary%20renewal%2C%20Anders%20Malthe-S%C3%B8renssen%2C%20Center%20for%20Computing%20in%20Science%20Education%2C%20University%20of%20Oslo.mp4?dl=0
https://www.mn.uio.no/ccse/english/


Kommentar 3b:  Implikation vs. ækvivalens
Wings definition og karakteristik af CT er beskrevet i implikationer,

ikke ækvivalenser (bi-implikationer)

Computational Thinking er

abstraktion,
dekomposition,

mønstergenkendelse,
‘separation of concerns’, etc.

Man kan ikke slutte den anden vej.
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