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;. Qué es el “pensamiento
computacional” (PC)?
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LISA HANEY

VieWPOint Jeannette M. Wing

Computational Thinking

It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.

omputational thinking
fal 8 (Cooldonhepovrnd

cisely. Stating the difficulty of a problem accounts

for the underlying power of the machine—the com-
et Arian ehome o1l i ehn anleecine Wn eaneen

omputational Thinking

It represents a universally applicable attitude and skill set everyone, not just
computer scientists, would be eager to learn and use.

Computational thinking 1s a fundamental skill for
everyone, not just for computer scientists. To read-
ing, writing, and arithmetic, we should add compu-
tational thinking to every child’s analytical ability.
Just as the printing press facilitated the spread of the
three Rs, what is appropriately incestuous about this
vision is that computing and computers facilitate the
spread of computational thinking.

Computational thinking involves solving prob-
lems, designing systems, and understanding human
behavior, by drawing on the concepts fundamental
to computer science. Computational thinking
includes a range of mental tools that reflect the
breadth of the field of computer science.

Having to solve a particular problem, we might
ask: How difficult is it to solve? and What's the best
way to solve it? Computer science rests on solid the-
oretical underpinnings to answer such questions pre-

1zation of dimensional analysis. It is recognizing
both the virtues and the dangers of aliasing, or giv-
ing someone or something more than one name. It
is recognizing both the cost and power of indirect
addressing and procedure call. It is judging a pro-
gram not just for correctness and efficiency but for
aesthetics, and a system’s design for simplicity and
elegance.

Computational thinking is using abstraction and
decomposition when attacking a large complex task
or designing a large complex system. It is separation
of concerns. It is choosing an appropriate representa-
tion for a problem or modeling the relevant aspects
of a problem to make it tractable. It is using invari-
ants to describe a system’s behavior succinctly and
declaratively. It is having the confidence we can
safely use, modify, and influence a large complex
system without understanding its every detail. It is

COMMUNICATIONS OF THE ACM  March 2006/Vol. 49, No. 3 33

Wing, J. M. (2006). Computational
thinking. Communications of the ACM,
49(3), 33-35.



Pero hay mas...

“El Pensamiento Computacional son los
procesos de pensamiento implicados en |a
formulacion de problemas y sus soluciones para

g
g

ue estas ultimas estéen representadas de forma

Je puedan llevarse a cabo de manera efectiva

por un procesador de informacion" (Wing, 2011,
p. 1)



Es decilr...

1. El Pensamiento Computacional es un proceso de
pensamiento, por lo tanto independiente de la

tecnologia.

2. El Pensamiento Computacional es un tipo
especifico de resolucion de problemas que implica
capacidades distintas, por ejemplo, ser capaz de
disenar soluciones para ser ejecutadas por un
ordenador, un humano, o una combinacion de ambos.



Pero sigue sin haper
acuerdo...



Submitted: SIGCSE 2014, 5-8 March, Atlanta GA

Computational Thinking: The Developing Definition

Cynthia C. Selby John Woollard
University of Southampton University of Southampton
Highfield Highfield
Southampton UK Southampton UK
44 (0) 2380 593475 44 (0) 2380 592998
C.Selby@soton.ac.uk J.Woollard@soton.ac.uk

Table 1 summarizes the justification for each prospective term’s
inclusion in or exclusion from a proposed definition of

T e 6. CONCLUSION

oo | e | Hetens found i he There is a genuine need for a robust and
Abstraction | Include | Consensus found in the agreed definition of computational
Decomposition | Include ](;‘lc;t:as::l?rseus found in the thlnklng The definition can facilitate
Logical thinking | Exclude | Broad term, not-well defined the devel()pment of computer science
Algorithmic Include | Well-defined across multiple . . . . . ] .« .
thinking disciplines curriculums 1n line with Wing’s original
Problem solving | Exclude Broa@ term, evidences theuse s e . 1
of skills; develops acquisition vision to encourage computationa
of skills . . o, o
Evaluation | Tnchude | Wel-defined across mulipl thinking for all. The definition may also
disciplines . .
Generalization Include Wcllt-,dcnﬁncd concept, although Cnsurce that the K-12 Currlculums Wlll
the term may not be familiar . .
Systems design | Exclude | Evidences the use of skills nOt become JuSt a COlleCtlon Of
Automation Exclude | Evidences the use of skills 1nterest1ng resources presented at
Computer Exclude | Evidences the use of skills ) . .
science content teachers’ discretions.
Modeling, Exclude | Evidences the use of skills in
simulation, and their creation; manipulation
develops acquisition of skills

Table 1. Computational Thinking Definition Terminology
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Computer Science Teachers Association & International Society
for Technology in Education (CSTA & ISTE, 2009, p.1)

Definicion “operacional”

El pensamiento computacional es un
proceso de resolucion de problemas que
incluye (pero no se limita a) las
siguientes caracteristicas:
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2. Organizar y analizar datos de
una manera logica.
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3. Representar datos
mediante abstracciones
tales como modelos y
simulaciones.



4. Automatizar
soluciones mediante
el pensamiento
algoritmico (una serie
de pasos ordenados).




5. ldentificar, analizar y aplicar posibles
soluciones con el objetivo de conseguir la
combinacion mas eficaz de pasos y
recursos.



6. Generalizar y transferir este proceso de
solucion de problemas a una amplia
variedad de tareas y problemas.



Y ademas, las siguientes actitudes:

La confianza para tratar con la complejidad.

La persistencia en el trabajo con problemas
dificiles.

Tolerancia a la ambigUedad.
La capacidad para hacer frente problemas abiertos.

La capacidad de comunicarse y trabajar con otros
para alcanzar una meta o solucion comun.



Logic ﬁ;arefoot
predicting & analysing Computing

COMPUTING AT SCHOOL

— Vhe Marend e -

The Computational Thinker: Tinkering

Algorithms Concepts & Approaches experimenting & playing
making steps &rules

Creating
_ designing & making
Decomposition
breaking down into parts

Debugging
finding & fixing

errors

Concepts

Patterns
spotting & using similarities

sayoeolddy

Persevering

/—~- 2 Lo keeping going

Abstraction
removing unnecessary _
detail Collaborating

working together

Evaluation
making judgement www.barefootcas.org.uk

@ Crown copyright 2014 (OGL)

Earefoot would like 1o achnowledge the work of Julia Briggs and the eLIM team at Somerset County Council for their contribution to this poster.
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; Por qué”’

“En resumen, surgen dos tendencias principales respecto a la
justificacion para incluir el Pensamiento Computacional en la
ensenanza obligatoria:

1.

El desarrollo de habilidades de Pensamiento Computacional en
NINOS Y jovenes para que puedan pensar de manera diferente,
expresarse a traves de una variedad de medios, resolver
problemas del mundo real y analizar temas cotidianos desde una
perspectiva diferente.

El fomento del Pensamiento Computacional para impulsar el
crecimiento econoémico, cubrir puestos de trabajo TIC y
prepararse para futuros empleos.”

(Bocconi et al., 2016, pag. 25).
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Rerovacién del curriculo para integrar ¢l Pensamiento Computacional
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Iniciativas de Pensamiento Iniciativas de Pensamiento
Computacional en Primaria Computacional en Secundaria

Iniciativas politicas sobre // Iniciativas politicas Inciativas politicas sobre // Iniciaivas goliticas
Pensamiento Comrputacional 7 sstre Pensamiento Pensamieato Computacional 7 sobre Fensamiento
ya Implementadas en centros Computacional a ya Implementzdas en centros Compu:acional a
de ensefiznza primaria el regrories de ensefianza secundaria nivel egional



EsSpana

- No hay documento curricular oficial estatal gue mencione el
"Pensamiento Computacional”.

- Conceptos relacionados en determinadas asignaturas: Tecnologia
(ESO), “Tecnologia Industrial” y “Tecnologias de la Informacion y la
Comunicacion” (Bachillerato)

- Conceptos relacionados en asignaturas ofrecidas en comunidades
autonomas: Andalucia, Canarias, Cantabria, Castilla-La Mancha,
Castilla y Ledn, Murcia, Madrid, La Rioja y Comunidad Valenciana.

- En Cataluna: hay “programacion” en la descripcion de la
“Competencia Digital” en el curriculum de primaria. En secundaria:
aspectos de programacion y robotica estan presentes en la ensefianza
de Tecnologia.



https://www.gov.uk/government/publications/national-curriculum-in-england-computing-programmes-of-study

Department
for Education

Computing programmes of study:
key stages 1 and 2

National curriculum in England

Purpose of study

A high-quality computing education equips pupils to use computational thinking and
creativity to understand and change the world. Computing has deep links with
mathematics, science, and design and technology, and provides insights into both natural
and artificial systems. The core of computing is computer science, in which pupils are
taught the principles of information and computation, how digital systems work, and how to
put this knowledge to use through programming. Building on this knowledge and
understanding, pupils are equipped to use information technology to create programs,
systems and a range of content. Computing also ensures that pupils become digitally
literate — able to use, and express themselves and develop their ideas through, information
and communication technology — at a level suitable for the future workplace and as active
participants in a digital world.

Aims
The national curriculum for computing aims to ensure that all pupils:

= can understand and apply the fundamental principles and concepts of computer
science, including abstraction, logic, algorithms and data representation

= can analyse problems in computational terms, and have repeated practical experience
of writing computer programs in order to solve such problems

= can evaluate and apply information technology, including new or unfamiliar
technologies, analytically to solve problems

= are responsible, competent, confident and creative users of information and
communication technology.

Attainment targets

By the end of each key stage, pupils are expected to know, apply and understand the
matters, skills and processes specified in the relevant programme of study.

Schools are not required by law to teach the example content in [square brackets].

Published: September 2013

Department
for Education

Computing programmes of study:
key stages 3 and 4

National curriculum in England

Purpose of study

A high-quality computing education equips pupils to use computational thinking and
creativity to understand and change the world. Computing has deep links with
mathematics, science, and design and technology, and provides insights into both natural
and artificial systems. The core of computing is computer science, in which pupils are
taught the principles of information and computation, how digital systems work, and how to
put this knowledge to use through programming. Building on this knowledge and
understanding, pupils are equipped to use information technology to create programs,
systems and a range of content. Computing also ensures that pupils become digitally
literate — able to use, and express themselves and develop their ideas through, information
and communication technology — at a level suitable for the future workplace and as active
participants in a digital world.

Aims
The national curriculum for computing aims to ensure that all pupils:

= can understand and apply the fundamental principles and concepts of computer
science, including abstraction, logic, algorithms and data representation

= can analyse problems in computational terms, and have repeated practical experience
of writing computer programs in order to solve such problems

= can evaluate and apply information technology, including new or unfamiliar
technologies, analytically to solve problems

= are responsible, competent, confident and creative users of information and
communication technology.

Attainment targets

By the end of each key stage, pupils are expected to know, apply and understand the
matters, skills and processes specified in the relevant programme of study.

Schools are not required by law to teach the example content in [square brackets].

Published: September 2013
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Digital Technologies: Sequence of content F-10 Strand: Processes and production skills

Generating and
designing

F-2

3-4

5-6

Design a user interface for a
digital system (ACTDIP018)

Design, modify and follow
simple algorithms involving
sequences of steps, branching,
and iteration (repetition)
(ACTDIP0O19)

7-8

Design the user experience
of a digital system,
generating, evaluating and
communicating alternative
designs (ACTDIP028)

Design algorithms represented
diagrammatically and in
English, and trace algorithms to
predict output for a given input
and to identify errors
(ACTDIP029)

9-10 (Elective subject)

Design the user experience of
a digital system by evaluating
alternative designs against
criteria including functionality,
accessibility, usability, and
aesthetics (ACTDIP039)

Design algorithms represented
diagrammatically and in
structured English and validate
algorithms and programs
through tracing and test cases
(ACTDIP040)

Producing and
implementing

Implement simple digital
solutions as visual programs
with algorithms involving
branching (decisions) and user
input (ACTDIPO11)

Implement digital solutions
as simple visual programs
involving branching, iteration
(repetition), and user input
(ACTDIP020)

Implement and modify
programs with user interfaces
involving branching, iteration
and functions in a general-
purpose programming language
(ACTDIP0O30)

Implement modular programs,
applying selected algorithms
and data structures including
using an object-oriented
programming language
(ACTDIP041)

Evaluating

Explore how people safely
use common information
systems to meet information,
communication and recreation
needs (ACTDIP005)

Explain how student solutions
and existing information
systems meet common
personal, school or community
needs (ACTDIP012)

Explain how student solutions
and existing information
systems are sustainable and
meet current and future local
community needs (ACTDIP021)

Evaluate how student solutions
and existing information
systems meet needs, are
innovative, and take account of
future risks and sustainability
(ACTDIP0O31)

Evaluate critically how
student solutions and existing
information systems and
policies, take account of
future risks and sustainability
and provide opportunities for
innovation and enterprise
(ACTDIP042)

Collaborating
and managing

Create and organise ideas and
information using information
systems independently and with
others, and share these with
known people in safe online
environments (ACTDIP006)

Plan, create and communicate
ideas and information
independently and with others,
applying agreed ethical and
social protocols (ACTDIP013)

Plan, create and communicate
ideas and information, including
collaboratively online, applying
agreed ethical, social and
technical protocols
(ACTDIP022)

Plan and manage projects that
create and communicate ideas
and information collaboratively
online, taking safety and social
contexts into account
(ACTDIP032)

Create interactive solutions for
sharing ideas and information
online, taking into account
safety, social contexts and legal
responsibilities (ACTDIP043)

Plan and manage projects using
an iterative and collaborative
approach, identifying risks

and considering safety and
sustainability (ACTDIP044)

v8.1 Australian Curriculum www.australiancurriculum.com.au December 2015 Page 2
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Digital Technologies: Sequence of content F-10 Strand: Knowledge and understanding

Digital
systems

F-2

Recognise and explore digital
systems (hardware and
software components) for a
purpose (ACTDIKO001)

3-4

Identify and explore a range of
digital systems with peripheral
devices for different purposes,
and transmit different types of
data (ACTDIK007)

5-6

Examine the main components
of common digital systems and
how they may connect together
to form networks to transmit
data (ACTDIKO14)

7-8

Investigate how data is
transmitted and secured
in wired, wireless and
mobile networks, and how
the specifications affect
performance (ACTDIKO023)

9-10 (Elective subject)

Investigate the role of hardware
and software in managing,
controlling and securing the
movement of and access

to data in networked digital
systems (ACTDIK034)

Representation
of data

Recognise and explore patterns
in data and represent data as
pictures, symbols and diagrams
(ACTDIK002)

Recognise different types of
data and explore how the same
data can be represented in
different ways (ACTDIK008)

Examine how whole numbers
are used to represent all data in
digital systems (ACTDIK015)

Investigate how digital systems
represent text, image and audio
data in binary (ACTDIK024)

Analyse simple compression of
data and how content data are
separated from presentation
(ACTDIKO035)

Digital Technologies: Sequence of content F-10 Strand: Processes and production skills

Collecting,
managing and
analysing data

F-2

Collect, explore and sort
data, and use digital systems
to present the data creatively
(ACTDIP003)

3-4

Collect, access and present
different types of data using
simple software to create
information and solve problems
(ACTDIP009)

5-6

Acquire, store and validate
different types of data, and use
a range of software to interpret
and visualise data to create
information (ACTDIP016)

7-8

Acquire data from a range
of sources and evaluate
authenticity, accuracy and
timeliness (ACTDIP025)

Analyse and visualise data
using a range of software to
create information, and use
structured data to model
objects or events (ACTDIP026)

9-10 (Elective subject)

Develop techniques for
acquiring, storing and validating
quantitative and qualitative
data from a range of sources,
considering privacy and
security requirements
(ACTDIP036)

Analyse and visualise data to
create information and address
complex problems, and model
processes, entities and their
relationships using structured
data (ACTDIP037)

Creating digital solutions by:

Investigating
and defining

Follow, describe and represent
a sequence of steps and
decisions (algorithms)

needed to solve simple
problems (ACTDIP004)

Define simple problems, and
describe and follow a sequence
of steps and decisions
(algorithms) needed to solve
them (ACTDIP010)

Define problems in terms
of data and functional
requirements drawing on
previously solved problems
(ACTDIPO17)

Define and decompose real-
world problems taking into
account functional requirements
and economic, environmental,
social, technical and usability
constraints (ACTDIP027)

Define and decompose real-
world problems precisely, taking
into account functional and
non-functional requirements
and including interviewing
stakeholders to identify needs
(ACTDIP038)

v8.1 Australian Curriculum www.australiancurriculum.com.au December 2015 Page 1




\"(r/ﬁ’ Liywodraeth Cymru
e

Welsh Government

Learning Wales ContactUs
Raising Standards Together v OO | cymreg

ML ENCE LRyl News  Dysg Newsletters Visit Hwb i@ for classroom resources

Alternative versions ¥ How-to ©
GUIDANCE

Digital Competence Framework

Last updated: 1 Sep 2016

Use the filters below to view the parts of the Framework you want to see.

SELECT A STAGE/YEAR

RfL routemap A steps B steps C steps Nursery Reception



elcC.



Criticas



... los profesionales de la computacion pueden
iIntentar resolver todos los problemas a traves de
medios algoritmicos, mientras no perciben aquellos
gue No pueden ser expresados usando las
abstracciones del pensamiento computacional.

Easterbrook, S. (2014). From computational thinking to systems
thinking: A conceptual toolkit for sustainability computing. In
Proceedings of the 2nd international conference on information and
communication technologies for sustainability (ICT4S°2014),
stockholm, sweden, 24-27 august, 2014.
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Wicked problem
WIKIPEDIA p
The Free Encyclopedia From Wikipedia, the free encyclopedia
Main page A wicked problem is a problem that is difficult or impossible to solve because of incomplete,
Contents contradictory, and changing requirements that are often difficult to recognize. The use of term "wicked"
e here has come to denote resistance to resolution, rather than evil.l'! Moreover, because of complex
Current events . . .
. interdependencies, the effort to solve one aspect of a wicked problem may reveal or create other
Random article
Donate to Wikipedia problems.
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Problema retorcido

WIKIPEDIA

La enciclopedia libre
Un "problema retorcido” (en inglés, "wicked problem") es un concepto utilizado en planificacién

Portada social para describir un problema que es dificil o imposible de resolver dado que presenta requisitos
Portal de la comunidad incompletos, contradictorios y cambiantes que generalmente son dificiles de reconocer. El término
Actualidad "retorcido” no se utiliza en un sentido de malvado, sino antes bien como resistencia a la solucién.’
Cambios recientes Ademas, dada la existencia de complejas interdependencias en este tipo de problemas, los esfuerzos

inas n .
:gfnas | ”‘iva_s para resolver un aspecto de un problema retorcido podria revelar o crear nuevos problemas.
gina alealoria
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La critica “politica” al “learning to code”

Political computational thinking: policy networks, digital governance
and ‘learning to code’

Ben Williamson*
School of Education, University of Stirling, Stirling, UK

Reflecting political shifts toward both ‘network governance’ and ‘digital governance’,
the 1dea of ‘learning to code’ has become part of a major reform agenda in education
policy in England. This article provides a ‘policy network analysis’ tracing the
governmental, business and civil society actors now operating in policy networks to
project learning to code into the reformed programs of study for computing in the
National Curriculum in England. The insertion of learning to code into the curriculum
provides evidence of how the education policy process is being displaced to cross-
sector ‘boundary organizations’ such as ‘policy labs’ that act as connecting nodes to
broker networks across public and private sector borderlines. It also examines how the
pedagogies of learning to code are intended to inculcate young people into the material
practices and systems of thought associated with computer coding, and to contribute to
new forms of ‘digital governance’. These developments are evidence of a ‘reluctant
state’ deconcentrating its responsibilities, and also of a computational style of political
thinking that assumes policy problems can be addressed using the right code. Learning
to code 1s seen as a way of shaping governable citizens that can participate in the
dynamics of digital governance.

Keywords: computing curriculum; computational thinking; learning to code;
governance; policy networks; policy labs
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PC vy formacion del
profesorado de Primaria



http://complubo



EdSurge NEWS EVENTS PRODUCT REVIEWS  RESEARCH JOBS o

News > Technology in School > Coding

Learn to Code, Code to Learn

CC BY 2.0 flikr

Is it important for all children to learn how to write? After all, This article is in our guide:
Give Your Kids a Most Excellent
Summer Coding Adventure
professional writers. So why should everyone learn to write? Dig-It Games

very few children grow up to become journalists, novelists, or



Figure 1: The kindergarten approach to learning

Resnick, M. (2007). All | Really Need to Know (About Creative
Thinking) | Learned (By Studying How Children Learn) in
Kindergarten. Presented at Creativity & Cognition conference, June

2007.



Remixing

Unplugged

(1) desenchutado, (2) jugar, (3) hacer, y (4) remezclar,

Kotsopoulos, D., Floyd, L., Khan, S., Namukasa, I. K., Somanath, S., Weber, |., & Yiu,
C. (2017). A Pedagogical Framework for Computational Thinking. Digital
Experiences in Mathematics Education, 1-18. DOI:10.1007/s40751-017-0031-2.



Figure 1. Technological Pedagogical Content Knowledge (adopted from Angeli & Valanides, 2005)

Angeli, C., Voogt, J., Fluck, A., Webb, M., Cox, M., Malyn-Smith, J., & Zagami, J.
(2016). A K-6 Computational Thinking Curriculum Framework- Implications for
Teacher Knowledge. Educational Technology & Society, 19(3), 47-57.
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Programar
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Conclusiones



1. EI PC ya esta aqui,
vy esta para quedarse.



2. Los desacuerdos academicos en su
IOn y elementos no parecen ser un
O para su integracion en el

definic
obstac
curricu

secundaria no obligatoria en much

U

U

m de la educacion ob

ga

oria y

OS paises.



3. Prediccion: en la proxima
reforma del curriculum a
nivel estatal aparecera el PC.



4. Es posible “orientar” la ensefanzay el
aprendizaje del PC de formas diversas y no
excluyentes: PC, programacion-robdtica,
alfabetizacion computacional (code literacy),
parte de la competencia digital, etc.




. Deberiamos prepararnos:

eformacion del profesorado en ejercicio;
eformacion inicial del profesorado;
edesarrollo del curriculum;

edotacion de medios y recursos a los
centros, elc.




5. Hace falta mas investigacion:

e Formacion inicial del profesorado.
e Diseno y desarrollo de
actividades didacticas PC.

e Fvaluacion del PC.
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