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Abstract: Digital technology has radically changed the way people 
work in industry, finance, services, media and commerce. Informatics 
has contributed to the scientific and technological development of our 
society in general and to the digital revolution in particular. Computa-
tional thinking is the term indicating the key ideas of this discipline that 
might be included in the key competencies underlying the curriculum 
of compulsory education. The educational potential of informatics has 
a history dating back to the sixties. In this article, we briefly revisit this 
history looking for lessons learned. In particular, we focus on experi-
ences of teaching and learning programming. However, computational 
thinking is more than coding. It is a way of thinking and practicing in-
teractive dynamic modeling with computers. We advocate that learners 
can practice computational thinking in playful contexts where they can 
develop personal projects, for example building videogames and/or ro-
bots, share and discuss their construction with others. In our view, this 
approach allows an integration of computational thinking in the K-12 
curriculum across disciplines.

Keywords: Computational thinking, programming in context, infor-
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1	 Background

The educational potential of informatics was underlined from the beginning 
in educational technology research studies. Even if the relationship between 
computers and teaching to support pupils’ thinking in schools has been var-
iously conceptualised (Wegerif, 2002), one of the first identified objectives 
of the drive towards “computer innovation” in education was to develop new 
skills in students to allow their integration in a society that is deeply changed 
by information technologies.

In particular, in early years, an important line of study in educational tech-
nology was related to the teaching of programming. The advent of the micro-
computer in the early 1980s and the development of general purpose program-
ming languages opened up the possibility of using computers to a wide range 
of users and stressed the necessity of learning how to interact with them. In dif-
ferent contexts, the introduction to programming main ideas was carried out, 
through different modalities and approaches, not only in professional courses 
but also as part of school basic education (Olimpo, Persico, Sarti, Tavella, 
1985). The declared aim was to provide some elementary notions on topics 
such as programming languages and methods, algorithm development, mod-
elling of situations, use of correct and not ambiguous language. These notions 
were considered important both for a basic knowledge of the discipline and for 
the possibilities they offer in the teaching of other more traditional disciplines 
like mathematics (Ralston, 1981).

The evolution of hardware and software, that made computer interaction 
ever easier, and the parallel evolution of cognitive and pedagogical frame-
works led to a gradual shift of interest, apart from specialized education, from 
the integration of informatics elements in school curricula to the implementa-
tion of new ICT-based educational applications and to the development and 
use of computer-linked methods, contents and tools for transforming and im-
proving teaching and learning processes (Bottino, 2004). Technology design 
and use was progressively considered in relation to the whole teaching and 
learning process where a crucial role is assigned not only to the tool but also to 
the definition of meaningful practices through which technology can be used 
effectively to reach specific learning goals (Bottino, Ott, Tavella, 2011).

This line of evolution does not mean that research studies in the education-
al value of programming completely disappeared. They remain in the frame-
work of constructivist approaches and mainly imply the development and use 
of educational specifically targeted languages, microworlds and programma-
ble construction kits in the Logo tradition. Programming is often associated 



303

with writing code; for Papert it is a way of thinking. Papert (1980) stressed 
the importance of supporting active thinking on the part of learners by means 
of programming concrete objects that can provide immediate feedback and 
concepts reification. Knowledge emerges as a result of an active engagement 
with the world through the creation and manipulation of artefacts that are seen 
as objects to think with. The Logo turtle, both the virtual screen version and 
the robotic one, is the most famous example of a computational tool to “think 
with” applied to differential geometry, a powerful mathematical idea that Logo 
makes concrete and accessible to children.

In the course of time the interest in the educational value of informatics 
never disappears, currently such interest has expanded in the presence of a 
wide debate on the foundations of informatics and on the definition of the 
informatics skills to be included in basic education. “Computational thinking” 
emerges as the main keyword which is now broadly considered to underline 
informatics core skills.

2	 Computational Thinking

“Computational Thinking” is the title of a “viewpoint” published in the Com-
munications of the ACM in March 2006 by Jeanette Wing (2006). The article 
argues that “computational thinking is a fundamental skill for everyone, not 
just for computer scientists” and “we should add computational thinking to 
every child’s analytical ability” (p. 33). The article has stimulated a lively in-
ternational debate and reflections of prestigious institutions. For example, the 
USA National Research Council has organized two workshops and published 
the related reports: the first on computational thinking (National Research 
Council, 2010) and the second on its pedagogical implications (National Re-
search Council, 2011). The reports, however, also document a failure: the par-
ticipants did not reach a consensus on the definition of computational thinking. 
Subsequently, Aho (2012) and Wing (2011) did propose slightly different, but 
equivalent, definitions. Wing’s version is: “the thought processes involved in 
formulating problems so their solutions can be represented as computational 
steps and algorithms”.

The debate around these concepts is active in European countries as well: 
the Royal Society (2012), for example, published the report “Shut down or 
restart? The way forward for computing in UK”; the Académie des Sciences 
intervened on this subject with the report (2013) “L’enseignement de l’infor-
matique en France – Il est urgent de ne plus attendre”. Moreover, Informat-
ics Europe and the ACM Europe Working Group on Informatics Education 
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(2013) urged Europe “not to miss the boat” on this subject. All reports call for 
a change in the curricula to make room for informatics.

The history of the relationship between informatics and education points 
out that attempt to add a new discipline to an already crowded K-12 curriculum 
presents problems and furthermore it is not necessarily a warrant for computa-
tional thinking to be really mastered in way suitable to be universally applied. 
Introducing computational thinking into schools requires special attention to 
contents and levels. In terms of content, subjects like science, technology, en-
gineering and math (STEM) seem to offer a direct match with informatics 
key ideas. However, other subjects can be considered as well. For example, 
constructing video games and interactive storytelling are activities related to 
media art that can offer interesting connections with computational thinking. 
In the following, we will consider educational robotics and digital games as 
two exemplary contexts that are actively contributing to introduce computa-
tional thinking in education.

Robotic construction kits, such as the LEGO Mindstorms or Lilypad Ar-
duino (Buechley, Qiu, Goldfein, de Boer, 2013) have revitalized the idea of 
end-user programming. Computational textile kits, like Lilypad Arduino, ad-
dress the gender gap by contextualizing computational thinking into digital 
versions of arts and crafts activities such as sewing. The construction of an 
autonomous robot or an interactive garment encompasses both the physical 
assembly of the artefact and programming the rules that control the artefact 
behaviour. Nowadays, defining robot behaviour is facilitated by the design of 
the kit: sensor and actuators are “smart”, i.e. their hardware contains intelli-
gent components that reduce the complexity of the programming tasks. Fur-
thermore, modern end-user programming environments featuring visual and 
tangible interfaces support the learner in writing a program by providing a 
structured context and powerful primitives while taking care of the syntactical 
aspects of coding. Robotic construction kits endowed with rule based visual 
and tangible programming environments can enable four-six years old children 
to program the behaviour of their robots (Bers, Flannery, Kazakoff, Sullivan, 
2014 and Chioccariello, Manca, Sarti, 2004). These kits provide opportunities 
for children to explore issues of control and enable them to build and play 
with things that act as if they had a will of their own. Robotic construction 
kits are microworlds that well exemplify some important concepts that are 
usually mentioned when reflecting on the educational value of informatics, for 
example, to get in touch with powerful ideas such as feedback and emergent 
behaviours.
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Digital game-based learning is a novel approach in the area of education 
and lifelong learning, displaying great potential as an active form of knowl-
edge creation. Since games are now available in different platforms and devic-
es, such as mobile devices, they offer the possibility to take learning outside 
the classroom and can provide a fun and interesting way of learning anytime, 
anywhere. Learning by playing is probably the ideal condition of education. 
One can play by the rules or with the rules, in the sense of building a new 
game. Video games are largely an example of playing by the rules, but games 
creation too can became a very valuable educational activity, able to trigger 
students’ transversal skills, such as reasoning abilities, creative attitudes and 
digital competences. Specific environments to support games building activ-
ities have began to appear on the market and there is an increasing interest in 
their educational use. Kodu is an innovative environment for the creation of 
video games inspired by robot behaviour programming (Coy, 2013). Scratch, 
a visual programming environment where the instructions are assembled like 
LEGO building blocks (Resnick et al., 2009), is another popular environment 
for building games and interactive stories.

The construction of artefacts, robots or video games alone does not guar-
antee for learning. Computational activities should be embedded into an envi-
ronment fostering collaboration, discussion, and reflection. Traditionally col-
laboration and discussion activities take place in classrooms where the teacher 
plays the role of mediator. How-ever, learning activities are increasingly de-
veloping also outside the school. Internet provides the condition for the birth 
of online social communities that involve learners of all ages. On-line com-
munities of practice involving video games and robot con-structions are part 
of this movement (Kafai and Burke, 2013). They take advantage of national 
and international competitions where the practitioners meet (e.g. FIRST Lego 
League, National STEM Video Game Challenge, Robocup junior).

3	 Conclusions

We advocate that learners should practice computational thinking in playful 
contexts where they can develop personal projects, for example building vide-
ogames and/or robots, share and discuss their construction with others. In our 
view, this approach allows, in principle, the integration of computational think-
ing in compulsory school curriculum. Let us outline a possible progression of 
playing, creating and exploring with programmable play kits leading to learn-
ing the mathematic and physic of motion. The math and physics of motion 
are usually included in secondary school programs. Computer simulations and 
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computer-based laboratory are often used in science classes. Developing mod-
els of phenomena is advocated, but difficult to pursue due to the complexity 
of dealing with the required math and physics concepts. Computational model, 
unlike the corresponding math representations, are executable model that can 
be more easily tested, debugged and refined. Research in the use of computa-
tional modeling in science education provides evidence that this approach is 
more learnable. However, familiarity with computational thinking skills and 
concepts is required to pursue this approach.

Objects falling, colliding, in equilibrium are phenomena that interest chil-
dren from an early age; they develop sophisticated way of thinking trough 
experimenting with the physical world. Learning to interpret the same phe-
nomena according to physical laws, however, requires a conceptual change 
mediated by education. Computers provide children with the opportunity to 
play with moving objects, but also to create their own moving objects, and 
eventually computational models of motion. At an early age, for example, they 
might construct cartoon like animations of a flying bird in a visual program-
ming environment like Scratch. Later on they might add a jumping behavior 
to the character of a video game they are building. Computational models of 
projectile motion, like the ones in the popular Angry Birds video game, are 
within the reach of lower secondary school learners (DiSessa, 2000).

Learners should engage in minds-on and hands-on activities to understand 
science. Robotic kits allow the design and construction of tangible autono-
mous artifacts moving and interacting with the environment. Robotic projects 
might start, at primary school, with a simple reactive construction and even-
tually, at secondary school, reach the complexity of constructing a robot that 
plays soccer and it is capable of kicking the ball in the goal of the opposing 
team, as in the Robocup junior competition. A longitudinal progression of the 
use of programmable play kit in formal and informal education might provide 
the necessary familiarity and competencies in computational thinking skills to 
innovate education across the curriculum.
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