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tasks that slowly increase in complexity, re-
flect on results of previous tasks, generalize 
ideas, and with this support “learning by 
getting things to work.”
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> Abstract • Computational thinking (CT) 
skills are nowadays strongly advocated 
for educational institutions at all levels. 
CT refers broadly to skills of thinking 
about the world from a computational 
perspective, however, not necessarily re-
ferring to programming skills in particu-
lar. There is still a lack of consensus about 
what CT means, and how CT should be 
taught. This open peer commentary 
briefly discusses some ongoing trends 
of CT in response to the target article, 
which reports development, field testing 
and piloting of an extensive set of new 
learning materials for teaching CT. Re-
cent calls for interdisciplinary technolo-
gy education, creativity and open-ended 
problem solving in CT are highlighted.

Computational thinking
« 1 »  Computerisation and digitalisa-

tion are changing the world in radical and 
unpredictable ways (Brynjolfsson & Mitch-
ell 2017; Pajarinen & Rouvinen 2014; Frey 
& Osborne 2017). To meet future needs, 
more people who are skilled in the design 
of computational processes are required. 
Those design skills are nowadays commonly 
referred to as computational thinking (CT) 
skills (Wing 2008a; Tedre & Denning 2016). 
CT has become a popular concept and the 
teaching of CT is being widely advocated for 
educational institutions at all levels (Tedre 
& Denning 2016). However, as stressed by 
Matti Tedre and Peter Denning (ibid: 10), 
among other issues, it is still a challenge to 
define exactly what CT is, how it should be 
taught, and how teachers of CT should be 
trained. They also point out that practical 
challenges include undefined or obscure 
position of CT in curriculums, a lack of 
teacher training, and systemic problems in 
education.

« 2 »  The target article by Valentina 
Dagienė, Gerald Futschek and Gabrielė 
Stupurienė contributes to the knowledge 

gap in understanding what CT is, and gives 
a concrete case-example of how CT can be 
taught. Their article reports the develop-
ment, field testing and piloting of an exten-
sive set of new learning materials for teach-
ing CT in Lithuania. The research approach 
in their work is designing and evaluating 
learning materials, by using, as the authors 
call it, “a process-oriented approach” (§11). 
The authors link the learning process fos-
tered by their new learning materials (task-
cards) to creativity and constructionism. 
Around the globe, various initiatives are 
struggling to develop learning materials for 
CT. The materials and approaches presented 
by Dagienė and her colleagues are a much-
needed addition. They provide a concrete 
way of inspiring both pupils and teachers, 
and an efficient way of bringing open-ended 
problem-solving into CT. The unplugged 
nature of the activities is also welcome. It has 
been argued that “Many of the core ideas of 
computer science are best introduced with-
out machines” (Mike Fellows, cited in Bell, 
Rosamond & Casey 2012: 414).

« 3 »  CT has its origins in the 1950s in 
the work of Donald Knuth, Alan Perlis, Eds-
ger Dijkstra, and others (Tedre & Denning 
2016). Seymour Papert’s Mindstorms (Pap-
ert 1980) is one of the most ground-break-
ing and comprehensive contributions to CT 
in K-12 education. In its current form, CT 
was introduced by Jeannette  Wing (2008a), 
who proposed that since computational 
processes are becoming important in all 
fields of life and sciences, learning CT would 
be beneficial for almost everyone. The “new 
CT” movement of Wing (2008a) started by 
mobilizing resources to bring CT into K-12 
schools. CT, at the time, emphasized object-
oriented thinking in software development 
and simulation, which was a rather narrow 
view (Denning 2017). Alfred Aho defines 
CT as the “thought processes involved in 
formulating problems so their solutions can 
be represented as computational steps and 
algorithms” (Aho 2012: 832).

« 4 »  Linda Mannila et al. (2014) re-
viewed CT in K-9 education in Europe 
and the US. While the general tendency 
in many schools is still to emphasize the 
consumption of technologies, there is an 
increasing and expanding trend of teaching 
to understand and create, too. They identi-
fied ways that teachers in varying topics in 
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K-9 education are already involved in CT-
like teaching, including activities such as 
analysing lyrics, composing problems, and 
programming robots. Shuchi Grover and 
Roy Pea (2013) reviewed computational 
thinking in K-12 education with various 
examples and ideas for practical teaching, 
including using makerspace ideology for 
the construction of tangible computational 
artefacts and informal hacker events, which 
are typical in the engineering tradition of 
computing. Judith Bell and Tim Bell (2018) 
show concrete examples of an interdisci-
plinary approach where CT is combined 
with music education at K-12 level. A 
number of progressive initiatives exist. 
However, in many cases, CT initiatives still 
emphasize the consumption of technolo-
gies or programming skills only, present-
ing a narrow view of CT (Tedre & Denning 
2016). Dagienė, Futschek, and Stupurienė’s 
approach, with a special focus on creativity 
and open-ended problems, is a highly wel-
come and valuable new addition to the pool 
of existing CT initiatives.

Creativity
« 5 »  A recent report of the Board of 

Higher Education and Workforce of the US 
National Academies of Sciences, Engineer-
ing, and Medicine (NASEM) recommends 
that, especially in high-tech areas, learning 
outcomes should be associated with inte-
grated education, such as critical thinking, 
communication, teamwork, and abilities 
for lifelong learning (Skorton & Bear 2018). 
Moreover, it is seen as crucial that STEM 
topics be integrated with humanities, arts, 
craft and design (HACD) topics (ibid). There 
are a number of important benefits of inte-
grating HACD topics in STEM (Root-Bern-
stein 2018). In general, it is agreed by many 
that pedagogy should move from teaching a 
set of predetermined skills to teaching “the 
four Cs,” critical thinking, communication, 
collaboration and creativity (e.g., Davidson 
2017; Kivunja 2015).

« 6 »  Also, research on experts in sci-
ences and arts show that mastery is a func-
tion of time, intense focus, inspiration and 
deliberate practice applied to a particular 
field, not a function of genius, talent, intel-
ligence, or any other fixed entity (Greene 
2013; Ericsson & Ward 2007; Seligman 
2011). In the domain of computational 

thinking, a creator mindset, a concept de-
veloped by Leong Hon Wai, as opposed to 
a consumer mindset, is a necessity in order 
to understand the fundamental impact that 
algorithms have on our lives, and how al-
gorithms are designed. The creator and 
consumer mindsets are well aligned with 
the dimensional mind, including a combi-
nation of discipline and a childlike spirit, 
in contrast to a conventional mind, which 
is concerned with consuming information 
under pressure and in conforming to soci-
ety. A dimensional mind transforms what 
it digests into something new and original, 
creating instead of consuming (Greene 
2013: 176f).

« 7 »  One example of creative peda-
gogies is Computer Science Unplugged 
(e.g., Bell, Rosamond & Casey 2012). It has 
been argued, in regard to mathematics and 
computing education, that “open unsolved 
problems are the creative drivers for math-
ematical activity, but children are ‘taught’ 
a version of mathematics based almost en-
tirely on correct answers” (ibid: 404). These 
points are relevant in the teaching of compu-
tational thinking, as teaching of computing 
is sometimes implemented as well-defined 
programming tasks only, or the passive use 
of software applications (e.g., Tedre & Den-
ning 2016). Therefore, the focus of Dagienė 
and her colleagues on creativity in their CT 
initiatives is needed.

« 8 »  The authors and their research 
community have an extensive experience 
in creating task cards (§25). The task cards 
raise one question about the required time 
in solving the tasks. In the future, could the 
tasks, even more extensively than is reported 
in this work, be involved in large and small 
student projects where the open- or closed-
ended aspects of projects could be varied? 
Thus, a question for the authors is: In the fu-
ture, could the task cards act as components 
or “pointers” in computing projects, where 
cards could be linked together in larger sto-
ries, perhaps by using the methods of the-
atre, creative writing and storytelling? (Q1)

Three traditions
« 9 »  A common approach is to divide 

CT into several components or skill areas. 
Valerie Shute, Chen Sun and Jodi Asbell-
Clarke (2017) define components of CT as 
decomposition, abstraction, algorithmic 

thinking, iterations, debugging, and gen-
eralisation, which also seems to be the ap-
proach in the article by Dagienė and col-
leagues (§35). Wing (2008b) located CT in 
the intersection of mathematical thinking, 
engineering thinking, and scientific think-
ing. Engineering, mathematics and science 
are also the three traditions that constitute 
the basic pillars of computer science (Tedre 
& Sutinen 2008). It is good to recognize 
the separate traditions, cultures or tracks 
of computing. Peter Wegner (1970) argued 
that computer science is in part a scientific 
discipline, in part a mathematical discipline, 
and in part a technological discipline con-
cerned in design and construction. This line 
of thinking is followed by Tedre and myself 
(2013) and Laura Benvenuti et al. (2018), 
who highlight the fundamental differences 
in aims, status of knowledge, and method-
ological views of the three traditions, and 
discuss the related implications for com-
puting education. Recent research by Peter 
Larsson, myself and Mikko-Jussi Laakso 
(2019) has bridged the connections between 
the componential view of CT and the three-
traditions view of computing with inspiring 
examples about the work of Alan Turing, on 
the processes of building the Electronic Nu-
merical Integrator And Computer (ENIAC), 
and on the evolution of the physical sym-
bol system, representing the differences in 
working approaches. Based on this line of 
thinking, the second question for the au-
thors is: Could the three-traditions view of 
computing be used as one basis for build-
ing and classifying card-based open-ended 
learning CT tasks? (Q2)

Final thoughts
« 10 »  The authors’ work introduces 

the core concepts of computing in a playful 
way, teaching these and also the underlying 
thinking skills, but without suggesting any 
specific strategy, so that students have to 
create their own solutions (§65). The peda-
gogy in the authors’ work also makes CT 
fun and inspiring, which is exactly what is 
needed. CT learning must be based on fun, 
mental freedom, and the possibility to ex-
plore. CT should not be about boring code 
commands, but about mental freedom, a 
passion for discovering, building inspiring 
new things, and changing the world. Thus, 
CT is about creativity and working with 
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Openness and Creativity in Solving Short Tasks  Christian Datzko

open-ended problems. Even though com-
putational processes may be run through 
computers, they are designed by and for 
humans. CT is not an isolated island, but 
mixes with practically all other domains of 
life including music, biology, dance, culture, 
mythology, and mathematics. It has been 
argued that “the beauty of computing is that 
it is engineering, science and art, a subject 
without clear borders” (Curzon et al. 2009: 
201).
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