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Abstract

This conceptual article is situated in the cross-section between com-
puter science and didactics. The article contributes to the research
field by taking on questions regarding the role of materialities in
relation to learning computational literacy in school. Computational
literacy is here defined as patterned deployment of skills and disposi-
tions that are applied in a technology-mediated and situated context
with the aim of achieving a valued goal.

The article sets out with a brief outline of the emergence of com-
putational literacy as a concept. Then moving on through a more
in-depth presentation of the concept in which three intertwined
aspects, the cognitive, the social, and the material, unfold. The article
concludes with two examples of computational literacy in a school,
and how materiality here plays an important role in relation to the
subject-content and pedagogical approach.

Denne konceptuelle artikel indlejrer sig i snitfladen mellem datalogi
og didaktik. Artiklen bidrager til det danske forskningsfelt ved at rejse
en begyndende diskussion om materialiteters rolle i forhold til det

at leere computationel literacy som et delvist grundlag for elevernes
teknologiforstaelser i skolen. Computationel literacy er i artiklen
defineret som faerdigheder og dispositioner, der bringes i anvendelse

i en teknologimedieret og situeret kontekst med det sigte at opna et
vaerdsat mal.

Artiklen indledes med en kort skitsering af begrebets fremkomst
og derefter en udfoldelse af computationel literacy som et begreb,
hvor tre sammenflettede aspekter: det kognitive, det sociale og det
materielle udfoldes. Artiklen afsluttes med to eksempler pa computa-
tionel literacy i en skolekontekst, og hvordan materialitet her spiller
en vigtig rolle i forhold til de stof- og indholdskriterier, der er afsaettet
for undervisningen.
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Introduction

In this article, I will introduce and argue for the necessity of compu-
tational literacy in discussions about using computational technology
in schools. My aim is to raise awareness that working computationally
is more complex than the cognitive problem-solving strategies often
associated with computational thinking (e.g., pattern recognition,
problem decomposition, abstraction, and generalization).

The approach I am inspired by and want to develop in a Danish
context originates from American educational researcher and IT
learning theorist Andrea diSessa. In his book Changing Minds (2000),
he defines the concept of computational literacy for the first time as a
material intelligence (diSessa, 2000, p. 5), which is understood as:

M A socially widespread patterned deployment of skills and capabili-
ties in a context of material support (...) to achieve a valued intelle-
ctual goal.

(DiSessa, 2000, p. 19)

DiSessa emphasizes that, in addition to the cognitive aspect, computa-
tional literacy also includes social and material aspects. Together, the-
se three aspects form a whole, and the computational relates not only
to problem-solving strategies but also to expressing oneself creatively
using the computer’s capabilities, including coding and programming.
In this contribution, I am particularly focused on the material aspects
of computational literacy and how they are important for selecting
content and learning materials in school. The reason I am particularly
interested in this is that literature regarding these and related themes
shows no significant focus on this.
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Computational Empowerment as an
experimental subject and a lack of focus on
materiality

Computational empowerment is an emerging concept in Danish pri-
mary schools. It has been introduced through an experimental subject
in the period 2018-2021. The experiment aimed to develop a subject
focused on empowering students to live and prosper in a digital world
(Tuhkala et al., 2019). The basic idea was that this could be done by
working with and creating digital artifacts and technologies. In other
words, the basic argument behind the subject is that digital empow-
erment is achieved through the ability to use specific technologies in
specific contexts, computational thinking, digital design and fabrica-
tion. The subject draws mainly on the scientific disciplines of infor-
matics (Caspersen et al., 2018), computer science (Caeli, 2021) and
participatory design (Dindler, Smith & Iversen, 2019).

There is strong inspiration from object-based programming
(Caspersen, 2022), which is characterized by modelling phenomena
in the world through the design of computational models and digital
artifacts (Madsen, Moller-Pedersen & Nygaard, 1993) in relation to
problem-solving of complex problems. The Scottish professor of infor-
matics and computer science Paul Dourish emphasises that the digital
has a materiality that intervenes in the physical world (Dourish, 2017).
This thinking is also reflected implicitly in the object-based approach
to programming, where computational models precisely aim to be
usable and useful for human activity in the world. Dourish also points
out that the digital has specific properties that set the framework for
what is possible to do:

” The materialities of information are those properties of represen-
tations and formats that constrain, enable, limit, and shape the
ways in which those representations can be created, transmitted,
stored, manipulated, and put to use - properties like their heft,
size, fragility and transparency.

(Dourish, 2017, p. 6)

In the Danish literature surrounding Computational Empowerment
(see e.g. Unge Paedagoger, 2020 or LearningTech, 2021), there is a
preponderance of focus on why and how students should, for examp-
le, design, model, and program. However, there is a lack of interest

in what they do it with and which opportunities, and limitations the
robot, the programming environment, or the design models have. This
deficiency becomes even more pronounced when research studies
focus on themes related to teaching subjects (didactics) and pedago-
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gies. Here, my argument will be that it is not enough to examine why
and how the students participate in teaching and learning processes,
but also to consider the implications of what they engage with and
through in the processes that unfold.

By presenting and discussing the concept of computational literacy
in a Danish context it is this absence of focus on materiality that I am
trying to highlight.

The article is structured in the following way. First, I will give a brief
historical outline of the background that led to the emergence of the
concept of computational literacy. I do this to give the reader a feel for
the educational movements and attempts to implement the use of the
computer in school - both internationally and in a Danish context.

Next, I will explain my understanding of the concept of computati-
onal literacy and along the way give examples of a speculative nature.
These are mainly based on coding as an activity, and I have chosen to
use Scratch as it is well- known in school.

In conclusion, two concrete examples are given from own empiri-
cal studies in schools, where computational literacy is in focus. Since
this is a conceptual article with examples and not a report of empirical
findings, the article does not have a method or analysis section per se.
The examples only serve the purpose of concretizing my arguments
on a more operational level.

From computer literacy towards computational
Literacy

Literacy is a debated term that both refers to general reading, writing
and arithmetic skills and at the same time also refers to special ways
of understanding what these skills are and how they are used in cer-
tain contexts (Gee, 2015).

Both in and outside of Denmark, since the 70s there has been great
enthusiasm about the role of the computer and how it would funda-
mentally change the way teaching is done at school. There have been
attempts to establish a subject around computer learning in school
(Fisher, Frokjaer & Gedse, 1972) at the same time as various attempts
to develop programming languages and tools that could teach stu-
dents to program a computer (Andersen, 2010). As Papert explains in
his book Mindstorms, the assumption was that the use of computers
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would give students objects-to-think-with (Papert, 1980; Brennan,
2015), which could mediate a different and more creative thinking in
the students in relation to understanding and solving the academic
problems.

Historically, however, it has been shown that even if the computer
remained in the classroom, the focus on teaching students to program
disappeared (Caeli & Yadav, 2019; Caeli, 2021). Instead, the computer
was increasingly seen as a tool that should support the existing prac-
tice through more efficient and appropriate ways of working. Rather
than programming, the focus became that the students should have
a basic competence and basic skills in relation to the use of the com-
puter as a functional tool. The approach was what Molnar (1979) calls
Computer Literacy. That is, a comprehensive mastery of, among other
things, writing programs, database programs and spreadsheets as well
as basic skills in relation to a functional use such as obtaining, storing
and sharing information (Haigh, 1985).

In Denmark, it became compulsory in 1990 to teach students about
Electronic Data Processing (computers) in all school subjects. In the
following approx. 20 years, various initiatives were initiated to, among
other things, ensure students’ computer literacy. For example, a
Junior Computer Driver License was launched in the mid-9os as the
Danish answer to the European Computer Driving Licence.

There was also a focus on ICT in the subjects’ management docu-
ments. A look into the various curricula and teaching guides (see
https://www.digitalelaereplaner.dk/) shows that there was a focus
on describing the place of information technologies in the subjects as
useful tools that could support the training of professional skills. In
some subjects, computing was also regarded as a sweeping impulse
for change that raised new questions and demands for the subject. For
example, in the teaching guide for the Danish subject at the time, you
can read:

7% In our time, computers have come to play a significant role in every
person’s linguistic reality, with significant consequences for both
form and content. In connection with computers, new forms of
communication have arisen, and the language and conceptual wor-
ld of information technology raises new questions within ordinary
language teaching. All this makes information technology a natural
part of the Danish subject. The computer can also be a useful work
tool at all grade levels, where it can open up new opportunities
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for training language skills, for process-oriented teaching and for
collaboration and creativity in the writing process.
(Ministry of Education, 1990)

The excerpt from the teaching guide above shows how computers
created a renewed look at communicative situations and thus also op-
portunities for new ways of expression. In other words, they were con-
sidered a formatting force on the general linguistic reality of humans
and thus also created a need in school to have an eye for new skills and
understandings of the properties and possibilities of computers.
Although it is not the main focus of the article, it is worth noting
that alongside the interest in computers, there was also a great focus
on new media (electronic multimedia in particular) and their impact.
Here, too, from the mid-9os, it became a focus in the subjects that,
through analysis and production, the students had to learn to relate
critically to the new media reality. When this is explicitly brought up
here, it is because “IT and media”, when you look chronologically at
the publication of the curricula, came to be a dominant focus about
the school subjects from 1995 until 2018 - rather than computing.
The computer and programming as a subject field took a back seat in
favor of a focus on the communicative properties of multimedia in and
across school subjects (Christensen & Tufte, 2010).

In 2016, however, a breakthrough occurred when the government,
with Strategy for Denmark’s digital growth, focused on “that future
generations should become skilled users of IT through understanding,
developing and analyzing IT” (Ministry of Business, 2016). In this way,
it would be ensured that the individual could not only participate in
the digital society of the future, but also help create it. In continuati-
on of this, several initiatives were launched, including a 4-year pilot
program to test different models for strengthening technology under-
standing in Folkeskolen. One of the initiatives was the experimental
subject to which I initially referred.

“Technology understanding in the Folkeskolen” (Tuhkala et al.,
2019; Wagner et al., 2020) was set aside for experimenting with diffe-
rent academic approaches in several Danish primary schools through
the testing of a total of 110 prototype courses (Slot et al., 2021). In vari-
ous ways, these prototype courses were supposed to give students the
opportunity to work with and understand technologies through, for
example, technology analyses, digital fabrication and programming.

With the experimental subject as a starting point, robots, microcom-

puters and programming software have again received a special focus,
and the students must now be able to go behind and create with and

7 Learning Tech 13 | Digitale teknologier i undervisningen

through technology. Rather than simply using, they must now be able
to understand how the content is designed with specific intentions.
The students must therefore not only possess a functional computer
literacy, but also be able to see through and relate critically and con-
structively to the technology. At the same time, students must under-
stand, think and express themselves in situated practices, mediated
by the technologies they surround themselves with. This is thus a
return to some of the intentions that were already advanced in the 60s
in Denmark with, among other things, one of the pioneers of compu-
ter science, Peter Naur. The difference between the data science of the
time and now is that the special focus is on data, data representation
and data processes, which according to Naur should be the core of the
subject (Naur, 1965; Caeli, 2021) has been expanded with, among other
things, a special design expertise.

Computational Literacy

In his book ‘Changing Minds’, Andrea diSessa argues for a shift in
focus from computer literacy to computational literacy. He distances
himself from the whole idea of a predominantly skill-oriented use

of the computer. At the same time, he also challenges Papert’s more
individualistic approach to learning, where the computer (an object to
think with) is seen as a cognitive partner - a “thing in itself” (Papert,
1987).

Instead, diSessa proposes computational literacy based on three
aspects: a cognitive, a social, and a material aspect. The cognitive
aspect deals with how externalising representations can enable and
support certain understandings and ideas. The social aspect high-
lights how computational literacy is socio-culturally and historically
anchored, wherein specific norms and values emerge. Lastly, the
material aspect pertains to the idea that the things (Kragelund & Otto,
2005) we surround ourselves with offer unique opportunities and
constraints in expressing ourselves with and towards others.

The material aspect — things we have and things we do

Since the material turn at the beginning of the 21st century, research
fields such as Science and Technology Studies (Danholt & Gad, 2021)
and material culture studies (Kragelund & Otto, 2005; Hicks & Beaud-
ry, 2010) have emphasized the meanings of materialities in relation
to human life and being in the world. Materialities are seen in these
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research environments as an important aspect, as they are part of a
relational link between people and the environment. Materiality thus
becomes a concept that covers both the materiality of physical things
(things we have), but also as the practices (things we do) that unfold
in relation to both physical and non-physical things such as computer
software.

The material aspect of computational literacy focuses primarily on
externalized representations, including symbols and signs, through
which we as humans can maintain aspects of our thinking and social
practices in a way that makes them reproducible, transportable and
manipulable. In other words, it is about retaining parts of our thinking
and experiences, so that through their concrete and material form
they can be transformed, shared and negotiated within the communi-
cative practices we participate in at different times.

The things we do something with consist of certain representa-
tions and have certain possibilities of use, interpretive frameworks,
conventions, and rules. This means that when talking about compu-
tational literacy, there are outer limits to what it means. The concept
is not all-encompassing in a school context and is not just about being
able to read, write, or calculate on a computer in general. On the other
hand, we are discussing specific professional practices and activities
where different types of hardware or software are included.

Coding and programming are things we do in a program on a com-
puter using a specific language and specific actions. From a material
perspective, a focus would be on the properties and conditions the
program and the computer embed in the activity.

Depending on which programming language you code and pro-
gram in, there are special grammatical and syntactic rules that you
must follow. There is thus a lexical system and an alphabet, where
certain signs, words and terms mean something completely specific
and are used in a way that differs from other writing contexts in the
school’s practice. Inserting an incorrect character or giving an in-
correct command has direct consequences for the execution of the
program on the computer or in the robot.

In addition, different coding genres and aesthetic modes of expres-
sion are also instrumental in challenging, expanding or maintaining
the student’s opportunities to express themselves or make objects do
something specific.

The visual and block-based programming tool Scratch is based on
several specific ideas about what programming and coding for chil-
dren is and how this should be learned (Maloney et al., 2010). From
a learning theory perspective, Scratch is based on the same basic
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constructionist idea as, for example, LOGO (Papert, 1980). The stu-
dent must construct their knowledge through concrete experiences
and activities - often in a learning environment with others who can
test and give feedback. Although Scratch can be used for relatively
complex tasks, the purpose is to introduce programming and coding
to students with no previous experience or prerequisites for this. This
has had an impact on the design and how various functions are con-
cretised the user interface (Kafai & Resnick, 1996, p. 3). The basic idea
is that it should be easy for the student to express creative ideas. This
is attempted to be achieved by the students becoming familiar with
coding through visual representations and simple functions that can
be gradually expanded when the students experience a need for this in
line with their mastery level.

An example of the complexity reduction is the way Seratch works
with variables. Variables are often difficult to understand for begin-
ners because they covertly perform underlying tasks in a program. It
requires a relatively high level of abstraction on the part of the student
to understand how their content (values) is retrieved at specific times
in the program. Therefore, a design feature in Scratch is that the visual
surface makes visible what the variable contains (numbers or text)
and what it links to when the program is executed.

From a more technical perspective, newer versions of Scratch
build on JavaScript, a procedural and object-oriented programming
language that uses dynamic typing as its default rule set. This means
that there are very specific rules associated with how to make the
program execute commands on the computer, but the program still
executes despite less use of variables and inconsistent coding. In
connection with coding, characters such as: =, #, “, / or {} have specific
grammatical meanings, just as certain words and phenomena such
as script, loop, div, function, value and variables have a very specific
linguistic and syntactic meaning.

In Scratch, students do not directly encounter this text-based code.
Instead, the coding elements are represented through different blocks
(movement, appearance, events, control, registration, etc.) that can be
put together as building blocks that can carry out commands either vi-
sually on the screen (e.g. make a cat move) or through physical exten-
sions such as Micro:bit, Lego Spike Prime, Makey Makey and others.
The various blocks in Scratch have different colors and shapes that
partly support the students’ orientation and coding process, but at

the same time are also subject to very specific syntactic rules for how
the blocks must be put together to get the program to run as intended.
Even if students don’t see it on the surface, Scratch is still coding and
strings of code. Students must learn to follow certain rules, logics, and

10 Learning Tech 16 | Computational Literacy in Schools



conventions embedded in the programming environment.

The material perspective of computational literacy becomes
interesting here because it is precisely a pattern-recognizing use of
skills and dispositions in a materially supported context. By seeing the
characteristics and conditions of the coding language and building
or restoring their coding skills, the students are enabled to express
themselves in a meaningful way when they must solve professional
challenges that require coding and programming.

It is pattern recognition understood in the way that students across
situations and activities must decode and resituate their knowledge
and skills in relation to the requirements of the coding activity and the
tools they have available.

Scratch is a piece of software and is thus not physically tangible. Ne-
vertheless, it has material properties that consist in the possibilities
and limitations (some of which are outlined above) the program offers
in relation to, for example, creating, sharing, storing or manipulating
representations of information (Dourish, 2017). In this way, Scratch
becomes both something we have at hand and can be used to interact
with our physical world (e.g. get a robot to draw), but also something
that gives birth to certain practices, where the student does so-
mething specific or expresses himself in specific ways in relation to
academic content.

The social aspect and the school’s subject cultures
Asindicated at the outset, computational literacy also has a social
aspect. The social aspect implies the notion that literacy is always
aimed at something, i.e. embedded in a social and situated context.

This makes computational literacy a dynamic concept that always
reflects the socio-cultural context in which one finds oneself. Patter-
ned deployment in diSessa’s definition, which I translate in this article
to pattern-recognizing use, emphasises that it is precisely a boundary
that separates computational literacy from other forms of literacy.
There is a difference between coding in Scratch or writing texts in
Word, even though both take place on a computer program. Scratch
and Word have (with the material aspect in mind) different properties
that support different modes of expression. Although in both cases it
is a writing practice based on writing literacy, the two activities must
be understood and approached differently, and based on different
professional views of what writing is and can contribute to in certain
communicative situations.

The social aspect also considers that not all academic challenges
and their solutions are legitimate focal points within the framework of
the subjects at school. Relevant challenges and solutions are determi-
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ned by professionals in the school’s context and evaluated through the
subjects and the associated subject disciplines. It is in didactic con-
texts that content areas are recognized as important and legitimate or
rejected as irrelevant. Computational literacy in school will, therefore,
always be associated with special academic practices and phenomena
in teaching that are recognised. This makes the work on computati-
onal literacy at once diverse and narrow. Narrowly because these are
not skills that can simply and seamlessly be transferred between con-
texts and professional practices. These are certain logics and methods
that must be transformed by the students across professional under-
standings, professional views and integrated into situated practices.
At the same time, it is a question of professionalism and just as it is
not only in the Danish subject that you read and write or in mathema-
tics that you calculate, but a computational literacy is also based on
some skills that can be used across different subjects. For example,
the programming of a robot can both have a scientific aim, but also
be based on more artistic and creative processes in a subject such as
visual arts. Again, the student’s computational literacy will be brought
into play in different ways and with different purposes.

On a more superficial level, computational literacy, like other litera-
cies, also has a situated and dynamic relationship with a changing
society. School and subjects are in constant development and thus
also different understandings of what subjects and professionalism
are. An example of this can be found in the current trial subject for
technology understanding in primary school, which is also referred
to earlier in the article. One of the test models was technology under-
standing as integrated professionalism in the existing subjects, where
the students were taught through the formulated prototype courses
in various topics on the border between on the one hand the existing
subjects and on the other hand skills within design and informatics.
Specifically, the students work in one of the prototype courses “Have
we caught a real monster?” (Kiser, Godtliebsen, Lorenzen, Nielsen &
Nissen, 2020) with algorithmic processes and automation through
flowcharts in the Danish subject (1st class). Students are presented
with selected symbolic representations within the flowchart genre:
Terminal point, process and decision (see Figure 1 below). These are
used to describe different types of processes. At the end of the course,
the students must create flowcharts themselves as part of an instruc-
tional text that describes how to catch a monster.
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Figure 1.
Excerpt from the prototype.

Start/terminator Start or endpoint of process flow
Process Process or action step
Decision Represents a decision-making point

Flowcharts originally originated in engineering and from the late
1940s became part of computer science as a way of describing and
designing computer programs based on (Goldstine & von Neumann,
1947). Without developing an in-depth discussion of flowcharts as a
form of representation, it is, however, an example of a genre niche
(diSessa, 2001, p.24) in the subject that requires students to read and
write in a new way and recognize the rules and logics (patterns) that
are nested. The students can partly draw on experiences from other
reading and writing practices, but at the same time must also learn
the flowchart genre’s own grammar.

If the gaze is raised above a level of activity, does the prototype
process open a discussion of whether concepts such as automation, al-
gorithmic thinking and flowcharts belong to the content and genres of
the Danish subject? The prototype is of course part of an experimen-
tal program - a reinterpretation of the Danish subject that intends to
add a different professional dimension. Nevertheless, the point here
is that the social aspect in relation to computational literacy includes
a discussion about whether the professional community around the
didactics of the Danish subject recognizes the forms of representation
and expression, genres and practices that come with it.
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The cognitive aspect and computational thinking

The cognitive aspect of computational literacy draws on the notion
that the things we use and do something with are connected to the
way we think and perceive the world around us. This should not be
understood as deterministic, but to a greater extent as that things and
thinking are not separate, but rather dialectically connected in that
things and thinking in different ways create and are created by each
other.

The Danish computer scientist Peter Naur already emphasized in
the 60s the importance of understanding the tools (things) that are at
hand and how these things in specific situations will frame people’s
thinking, their perception of problems and how they are solved. From
a computational literacy perspective, it is clearly traced here how
the material and the cognitive are intertwined. A central component
of Naur’s theory is a symmetrical relationship between tools, people
and problems (Naur, 1965; Caeli, 2021). He emphasizes that people’s
solution to a problem will involve the use of those tools (physical or
non-physical) that are available and considered appropriate for the
task. An important point is that if the tool is changed, the problem
will be approached differently or even perceived in new or different
ways. The framework of tools here means both enabling thinking and
action, but also that they can limit us by keeping our focus on specific
possibilities and thus prevent us from seeing others. At the same time,
according to Naur, the choice of a preferred tool depends on how a
problem is understood by the people involved and what a desirable
solution might be. Stated to the point, Naur’s thinking in this context
contributes to the fact that problems exist in people’s minds and tools
designed to solve problems that are not recognized by anyone are
meaningless.

A more recent concept that has gained a central place in relation
to technology understanding in school is computational thinking
(Denning & Tedre, 2019; Yadav & Bertelsen, 2022). The term relates
specifically to cognitive aspects of problem solving and was revitalized
when Jeanette Wing published her essay Computational Thinking
(Wing, 2006). Although a formal definition of computational thinking
is still debated in various research fields around education and school,
there is some agreement in the research literature that computational
thinking covers some basic cognitive skills, including abstraction,
analysis, problem decomposition, pattern recognition, modeling and
algorithmic thinking (Grover & Pea, 2013; Jacob & Wagenshauer, 2018;
Kafai & Proctor, 2021).

Wing’s recent definition of computational thinking as: “the thought
process involved in formulating problems and their solutions so that
the solutions are represented in a form that can be effectively carried
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out by an information-processing agent” (Wing, 2011, p .20) points

out the desire for a set of general cognitive skills that are transferable
across different disciplines. Wing’s arguments that students in school
should learn to think like a computer scientist revived the discussi-
ons previously raised by both Papert, diSessa, Naur and others about
computational thinking in relation to problem solving across different
professional domains in school and human life (Tucker, 2014; Jacob &
Wagenshauer, 2018).

At Wing, the primary focus is on ways of thinking that lead towards
an automation process rather than carrying out the automation pro-
cess yourself with various tools at hand. In other words, Wing differs
from, for example, Papert by focusing on “learning to compute” rather
than “compute to learn” (Caspersen et al., 2018; Dohn, 2021). Wing
(and many others after her) are mainly focused on cognitive strategies
in relation to problem solving.

From a computational literacy perspective, however, there is more
to the cognitive aspect than problem-solving strategies. Expressing
oneselfis associated with much more than problems and their solu-
tion. It can equally be about expressing imagination, creativity, hope
or taking a critical stance. Here it is about sharing one’s ideas and
thoughts with others through the computational things, physical and
non-physical, that are available. Problem formulations and solutions
can of course also be a sub-element here, but not a goal in itself. In line
with Bers (2021), the relationship between being able to formulate and
problem-free on the one hand and expressing oneself on the other
must be seen as a continuum. From a computational literacy perspe-
ctive, the student should move between these extremes when, for
example, they code on the computer. Scratch can of course be used to
teach students problem-solving strategies such as debugging, problem
decomposition, sequencing, pattern recognition, automation, etec.

But Scratch is also a programming environment where students can
express themselves creatively and create content that reflects under-
standing, wonder, emotion, identity and imagination (Kafai & Proctor,
2021; Bers, 2021; Kafai, Peppler & Chapman, 2009). This can be done
both through the programming of small games, but also other forms of
expression such as animated films, music or interactive stories.

Coding in Scratch requires that students partly understand the
program’s syntax (the material aspect as argued earlier) and partly be
able to translate their thoughts and ideas computationally. It is thus
a matter of duplicity. A student may well be familiar with and skilled
at coding in Scratch, but this is not necessarily the same as being able
to model and transform creative ideas into something that can be
expressed through coding. The same applies the opposite way, where
the student can have really good ideas, but fails to use the program to
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express them. Put another way: A student who is good at writing is not
necessarily a good writer, just as a student who is good at sudoku is
not necessarily good at mathematics - and vice versa.

From a cognitive aspect, conditions are set for students in relation
to decoding and modeling phenomena so that they can be expressed
or interpreted through the use of computational things.

Computational literacy in school

Based on the three aspects, computational literacy must be defined as
certain ways of thinking (the cognitive) and acting in a situated con-
text (the social), supported by things (the material). Teaching in and
through computational literacy in school should therefore be based on
considerations that reflect these in relation to the content and subject
selection.

Programming is cognitively abstract and requires a broad foundati-
on and understanding of symbol manipulation and coding and can in
this light be compared to proof in mathematics or advanced analyzes
of literature in the Danish subject (Lu and Fletcher, 2009). In both
cases, it requires that the students have a well-developed literacy. To
achieve this, computational literacy in school should be developed th-
rough many different approaches (Kafai & Proctor, 2021), which focus
on students’ prerequisites and dispositions in relation to a gradual
progression between wholes and parts. This could mean, for example,
that the teaching was based on students both directly and indirectly
encountering the concepts and areas of competence linked to compu-
tational literacy in and across the subjects. Coding in Scratch, which
has been the overall example in the article, could be one of many
approaches to teaching students basic programming skills and the
ability to create and recreate symbolic representations through expe-
riments and computational methods.

The computational in school can be both a primary academic
focus, but also somewhat secondary (Tannert, Lorenzen & Berthelsen,
2022). As a primary focus, learning computational literacy becomes a
goal, and the material and content the students encounter supports
this very purpose. As a secondary focus, it becomes to a greater extent
a prerequisite for being able to solve other professional challenges
through the inclusion of different computational strategies. Further-
more, the prominent research literature emphasizes the need to work
through both plugged and unplugged approaches in teaching so that
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cognitive and bodily perspectives are used through the use of both
analogue and digital things (Brennan & Resninck, 2012; Grover & Pea,
2013, Mikkonen, 2021; Caeli & Yadav, 2019; Dohn, 2021).

In Figure 2, I have tried to create a simple graphic representation
that illustrates how justifications for subject and content selection
(what and how) can be related to considerations about the role of com-
putational literacy and which approach to work with computational
methods is emphasized.

Figure 2.
Justifications for subject and content selection from a
computational literacy perspective.

Unplugged
Analogt

Computationel literacy

som mal
Begrundelser og kriterier for Plugged Fagligt
stof- og indholdsudveelgelse Digitalt mal

Computationel literacy
som forudseetning
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This simplistic illustration is only intended to draw attention to the
connection between content perceptions, forms of activity and com-
putational literacy in teaching. The illustration covers far from the
complexity of the teaching. My purpose is simply to point out that the
teacher’s framing of activities with, for example, coding and program-
ming games in Scratch reflects a subject and content selection that
mainly emphasizes the use of computational literacy in a primarily
plugged/digital programming environment. Whereas the previous
example from the prototyping course with the use of flowcharts
reflects an acquisition of computational skills through an unplugged/
analog approach.

Examples from school

In the following, I will give two examples of computational literacy

in school. This is a selection of our own empirical studies, and the
examples serve in this article as an elaboration of the concept as well
as Figure 2. That is to exemplify computational literacy as resp. goal
in itselfin relation to problem solving (example 1) and as a prerequi-
site for participating in other professional activities that are based on
more creative expressions (example 2). At the same time, the material
aspect is central in both examples, both in the form of manipulations
of physical things, but also using digital tools.

Example 1: Escape Puzzles as a way to learn about Micro:bit
An example of a more physical analogue approach to problem solving
and programming with computational literacy as a goal has previously
been described and developed in Forfatter (2022a; 2022b). Here, as
part of alonger course on Micro:bit, students participate in a scena-
rio-based Escape Puzzle (see figure 4). The activity has a purpose to
give students insight into the various sensor options embedded in
a Micro:bits and their application logics. Through the activity, the
students must physically manipulate various wooden boxes, in which
a Micro:bit with a specific programmed sensor property is stored.
During the process, the students get hints from one of the boxes in the
form of words on a display such as: “Loves metal”, “Light” or “Speed”,
which should help them with the decoding. Only by activating all
sensors at once can the students complete the task.

As tangible and physical things, the wooden boxes have the proper-
ty that the sensor properties of the Micro:bit require physical, bodily
actions by the student.

18 Learning Tech 16 | Computational Literacy in Schools



Figure 3.
Photo from empirical study before and during the
activity (Hachmann, 2022a)

As Mikkonen (2019; 2021) has shown through studies of ‘Bodygram-
ming’, where university students through body-based and collabora-
tive activities simulate the computer’s algorithmic processes, bodily
experiences with such abstract phenomena are an important prerequ-
isite for understanding the computational perspective in relation to,
for example, programming a microcomputer. Mikkonen emphasizes
that bodily play and social activities illustrate the differences between
perspectives and forms of abstraction for a computer and its user
respectively.

Understanding these differences makes it easier for students to
learn programming because they understand the perspectives and
forms of abstraction that programming addresses. In the same way,
the Escape Puzzle activity is based on the students discovering certain
functions and possibilities of the Micro:bit as a material thing through
a bodily experience. The three aspects of computational literacy are
expressed by the fact that they 1) must decode the material properties
of the boxes and physically manipulate them rather than coding in e.g.
Scratch, 2) they use strategies based on collaboration and common
understandings for the approach to the problem, 3) problem decom-
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position, pattern recognition and algorithmic thinking embedded as
part of the cognitive aspects.

The course also reflects a subject view (the social aspect) that emp-
hasizes that students learn basic concepts and skills through a playful
and experimental approach.

The material nature of the wooden boxes and the name ‘Myste-
ryBox’ make the activities both analyses, interpretations and joint
reflections in relation to the solution of the task. The long-term goal is
the students’ acquisition of a computational literacy, but this is done
here based on the idea of a sequential problem solving and progressi-
on, where the students gradually and in a movement from concrete to
abstract understanding learn basic concepts, methods and strategies
that are basic academic and fundamental in order to could use the
Micro:bit as a tool on a more abstract level later in the course.

Example 2: The horrible hand - teaching writing through coding
The second example I will use here focuses on computational litera-
cy as a prerequisite that supports other professional learning. The
example is based on the teaching of writing in Danish at intermedi-
ate level, where students in 5th-6th grade. class participates in pro-
cess-oriented writing and co-authorship of a fantastic narrative. For
this, a didactic design was developed (see Figure 5 below) that includes
both plugged/analogue and unplugged/digital perspectives.

The students are first read an extract from The Horrible Hand
(Jensen, 2001), which is a novel within the genre fantastic story (A).
After this, the students must use several physical wooden pieces (B) to
generate ideas and structure their story, which will be a continuation
and conclusion of the read text. On the back of the five large wooden
piecesis a QR code that gives students the opportunity to read sele-
cted parts of The Horrible Hand as inspiration. The smaller round
pieces represent different elements, people or objects from the story.
At the end of the process, students must create interactive narratives
in the online application Twine (C). Here, the students must create an
interactive hypertext story, where the reader is the main character
and along the way, through hyperlinks, chooses what the main charac-
ter in the story does.

The computational part consists in the students having to make
use of a mixture between the written language they normally know
and html coding, as a form of expression. Twine uses an html en-
coding and students must be able to understand this programming
format to create their narratives. For example, to create new passages,
they must use square brackets around a text or use html code to em-
bed images, change the text color, etc.

20 Learning Tech 16 | Computational Literacy in Schools



Figure 4.
Graphic illustration of the didactic design (left) and its
realization in a 5th grade (right)

www.Twinery.org

From a computational literacy perspective, the materiality of the
wooden blocks constitutes a limitation in relation to the students’

idea generation. At the same time, the pieces, through their material
nature, enable the students to use sequential and algorithmic thin-
king, which gives them the opportunity to decompose their narrative
into smaller parts and arrange the content in different ways in relation
to the patterns they recognize in the excerpts from the original story.
This preparatory work trains the students in computational strategi-
es and methods while at the same time enabling a certain degree of
corporeality and reification in relation to the structuring of narratives
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in their narrative. The movement from B—C in Figure 4, which is also
marked with orange arrows, shows that the students are remaking
sign systems. It is described by Selander & Kress (2012) as a transduc-
tion process where from a computational literacy perspective, the
materiality of the wooden blocks acts as a constraint on students’ idea
generation. At the same time, the blocks enable students to employ

a sequential and algorithmic thinking through their material nature,
allowing them to decompose their narrative into smaller parts and
arrange the content in various ways based on the patterns they recog-
nize in excerpts from the original story. This preliminary work trains
students in computational strategies and methods, while also enabling
a degree of embodiment and objectification in structuring narratives
in their storytelling. The transition from B to C in Figure 5, also mar-
ked by orange arrows, shows how students transform sign systems.
This process, described by Selander & Kress (2012) as a transduction
process, involves students transforming one representational form
into another through various forms of symbol manipulation.

Concluding remarks

As was pointed out at the outset, my mission with this article is to
introduce the concept of computational literacy and through this to
establish a basis for forward-looking discussions of the concept in a
school context. There are areas in the article that are touched only
superficially and that require more in-depth exposition. The article
must be seen as a start to this. It has been important for me to make
room for concrete examples, because in the forward-looking discus-
sion there is a need for empirical examples to link more theoretical
perspectives to.

Through the article, I have tried to substantiate theoretically and
through the examples to show that the computational should not only
be understood as cognitive problem-solving strategies, but also con-
tains social and material aspects that are equally important to consi-
der - and which I believe are overlooked. As I have been around, there
is a focus on what the students must learn or create, how and why,
but there is very little focus on what the things this is done with have
properties and implications for process and product. Programming
and coding are what I would call a computational design practices that
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imply a knowledge of the materiality of the material with which one
designs. This applies both in relation to, for example, software and
hardware.

A concept such as computational literacy with the three underly-
ing aspects can frame a language around the integration of computa-
tional perspectives in both new and existing literacy practices. DiSes-
sa’s approach has been, for me, a viable way to unfold these aspects. As
I have explained, the term arose as a reaction against an instrumental
use of the computer in school and as an attempt to emphasize the
computer as an opportunity for children and students to express
themselves creatively and in new ways that could not be done before.
I see a danger that the same instrumental approach to technology is
repeated in the operationalization of technology understanding in
school. Students learn about complex problems, problem solving, de-
sign methods and technological agency, while the creative and imagi-
native seem to be downplayed. In the Danish school, there is not a long
tradition of focusing on computational, coding and programming.
With the experimental subject technology understanding as a way of
establishing new skills in school, a look at the computational seems
inevitable. In recent Danish research literature in the area, however,
there seems to be a tendency, with Wing’s definition of computational
thinking as a point of departure, to reduce the computational to the
students’ ability to solve problems cognitively. This has consequences
for the knowledge aspects that are worked with. In example 1, there is
a high degree of corporeality involved in the students’ (de)coding, just
as in the example I refer to bodygramming as a computational met-
hod. These approaches go beyond cognitive problem-solving strate-
gies: “the thought process involved in formulating problems and their
solutions” (Wing, 2011) or computational thinking as it is called in the
experimental subject.

One area that the social aspect of computational literacy opens is
whether coding and programming have legitimacy in relation to the
school’s purpose. One argument for computational literacy would be
that digitalisation, data and technology are integral parts of students’
lives in and out of school. Although in the last 50 years there has been
alook at IT in school, in the last 5-10 years there has been an accele-
ration in digitization and a focus on the significance of algorithms,
automation and data for our lives. This gives rise to rethinking parts of
the educational task at school. In this context, the school’s task is not
to train the students to become computer scientists or engineers, but
to give the students a basic understanding, literacy and a democratic
competence in relation to the society and the education system they
encounter outside the school. This requires, among other things, that
they get a basic understanding of what, for example, algorithms and

23 Learning Tech 13 | Digitale teknologier i undervisningen

automation are and how they are created with different purposes that
ultimately influence their lives. This can be done both directly and in-
directly through a focus on problem solving and design processes, but
it is equally important to focus on students’ opportunities to develop
imagination and give them the opportunity to be creatively expressive
in relation to their critical thinking.

Aswith other literacies, it takes time to develop a computational
literacy. Just like reading and writing, it requires that you do it in
many different contexts and in many ways. The field is new and there
are many questions of both an empirical and theoretical nature that
remain unanswered and require research. Nevertheless, there is a
history and preliminary work that enables a discussion of compu-
tational literacy as an object field for further research in school and
educational contexts. As I have argued, it is necessary to look more
broadly at the computational in school, especially if it is to continue to
have a justification. Different literacy concepts are already part of the
school’s practice and subjects. It must be investigated and discussed
whether computational literacy as a concept can impart something
valuable in relation to the focus on technology understanding.
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