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Abstract. The steadily advancing digitalization of our world requires that 
educational systems adequately prepare everybody for the resulting challenges. 
Different actors in educational systems often see the solution either in digital media 
education, or computing education. This position paper presents a combined model – 
the so-called “Dagstuhl triangle”, which was developed in collaboration of about 30 
computer scientists, computing and media education researchers, teachers, and 
representatives from IT companies and foundations. 
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1 Introduction 

Digital change, which affects our entire society, culture and economy, is shaped by 
people who are qualified in computer science, persons who have either completed 
vocational training or a university degree in computer science or who have acquired 
such competencies by themselves. These people develop new devices and device 
categories, associated operating systems, as well as applications and apps for a variety 
of purposes, not just personal needs. By providing AppStores developers of large 
operating systems (such as Windows, macOS, iOS, Android, Linux) have created 
infrastructures and distribution channels, which in principle enable everyone to 
implement and make available software solutions to problems of any kind. The ICT 
economy, which drives the world’s change through digitization and thus plays a key 
role in shaping social and work-related processes, has been “complaining” 
internationally about a shortage of skilled workers – according to forecasts, this 
deficit could lead to e.g. 120,000 missing academics by the year 2030 in Germany 
alone1. 

The developments of the past years have shown that the progress of digitalization 
and automation is by no means a short-term phenomenon, rather steadily advancing 
and that new device categories, applications and application scenarios are constantly 
being developed. Although the term “digitization” dominates the description and 
discussion of phenomena and artefacts, corresponding innovations have also been 
described as “new media”, “modern information and communication technologies” or 
more broadly, as computing systems before. An end to these innovations and 
technological developments is not in sight. The concrete systems (applications and 

                                                        
1  http://www.it-business.de/fachkraeftemangel-spitzt-sich-zu-a-541910/ 
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devices) are subject to a constant change (in particular by new versions with modified 
user interfaces) and disappearing off sight, while the underlying technical concepts of 
computer science are time-stable. Many of the above-mentioned systems and 
applications can, in principle, be used as teaching media for certain technical contexts, 
but not all. However, all of these systems are based on certain basic principles of 
computer science, which include, but are not limited to, terms such as encoding and 
modelling of information, algorithms, data structures, programming and network 
communication. 

2 Educational Perspectives on the Digital Networked World 

Advancements in digitalization make young people get in contact with a wide range 
of computing systems. As a result, they develop mental models of their structure and 
working principles. These self-constructed models do not always correspond to the 
scientific ones: they often are incomplete, partly correct, faulty. So far, only a few 
empirical findings on the everyday conceptions of pupils in the field of computer 
science (e. g. [2, 3]) are available. However, understanding the world and co-shaping 
it requires correct models, which must be developed in school by teachers with 
appropriate professional competence. But what is needed to really understand the 
“digital world”? How can this be characterized without a long list of normative 
settings of content or competencies? 

In the so-called Dagstuhl declaration on “Education in the Digital Networked 
World” [1] (in short: “digital education”) it was argued that in comprehensively 
oriented education the phenomena, artefacts, systems and situations of the “digital 
world” encountered and perceived by students must be regarded from three different 
perspectives: the structural perspective, the social-cultural perspective and the 
application-oriented perspective, see fig. 1. This means: from an application-oriented 
perspective, the question should be answered how and when specific systems and 
tools are used for which purposes, in a socio-cultural perspective the effects and 
interactions between system, individual and society are examined and the 
consideration of systems “from within” from a structural perspective provides insight 
into how special and typical systems (in principle) are internally structured and how 
they function. All are needed to provide sustainable education as a solid ground for a 
“digital society”. 

The approach values existing views such as user training, media education and 
computing education and has the intention of integrating these views into a coherent 
overall concept. In order to comprehensively understand all the above-mentioned 
facets and thus to contribute to the construction of a coherent image of the learners 
with regard to the “digital world”, a corresponding intake of all the mentioned 
perspectives is necessary. Interestingly, already in 1983 an IFIP working group for 
elementary education stated that “the aim of elementary education is to help every 
child reach his/her full human potential and to achieve social, emotional, and mental 
maturity. When computers are introduced into schools, we should be concerned about 
three levels of use – the technical level (how and when to use them), the 
understanding level (why they bring about the results they do) and the reflective level 
(the personal and societal values involved in using them).” [4] In order to enable 
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learners for active participation in and shaping of the “digital world” with others, 
these perspectives should again be taken up from a creating point of view as well. 
From an application-oriented perspective, it is then possible to question how tasks or 
problems of everyday life can be performed resp. solved using existing systems. From 
a socio-cultural perspective, it is considered how interactions between systems, 
individuals and society can be shaped, and finally, from a structural point of view, it 
is investigated how systems for the solution of problems can be developed, that is, 
systematically planned and subsequently programmed. The Dagstuhl triangle (see fig. 
1) provides an overall model for digital education, i.e. learning about the “digital 
world”. It explicitly includes the use of computer systems as teaching tools in all 
disciplines, but goes far beyond that by including computing competences, which 
make active participation also from a technical point of view possible.  

 

 

Fig. 2. Educational Perspectives on the Digital Networked World (“Dagstuhl perspectives”) 

Public discussions on the value and the incorporation of computing competences 
into education show that various actors have a wide-ranging understanding of the 
terminology, which differs considerably from scientific definitions (e.g. [5]). For 
example, the term “informatics” is also used by some actors for the use of digital 
media in educational processes, as well as for user qualification regarding standard 
software, others associate aspects of computer administration or programming with 
this term. Even if computer-based systems are involved, computer science is a 
scientific discipline. Some actors also occasionally demand that “algorithms” or “data 
structures” should be integrated into school and use these terms as representatives of 
the discipline [6]. Even though these concepts are of great importance within the 
discipline, they are however hardly learnable in an isolated way that would lead to 
systematic development of an individuals’ computing competences. A similar 
approach would be in mathematics to deal with just the function or – or even only – 
with the set concept. Both concepts are disciplinarily central, but there are other 
important concepts, such as the concept of probability, which in turn refers to the 
concepts function and set. 
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Computer science is the science of the systematic processing of information, in 
particular the automatic processing with the help of computers. It deals with the 
principles and procedures underlying the understanding and modelling of automatic 
information processing including modelling and distributing via networks and its 
application in the development of computing systems [7] and is an academic 
discipline [8, p. 3]. In the Anglo-American language area, the underlying cognitive 
processes are referred to as “Computational Thinking” [9], a way of thinking that 
goes beyond hardware and software and provides a framework to analyse systems and 
problems.  

In this context, the question is sometimes raised as to why knowledge about 
computer science is necessary, if the aim is “only” the competent use of computer 
systems and no corresponding professional career in the field of computer science is 
pursued. This question could be applied in the same way to all other school subjects, 
for example: Why must one be able to interpret poems, if one does not want to 
become a poet? Why do you have to learn mental arithmetic, if you can use a pocket 
calculator later? Why do you have to analyse the physique of animals in detail, if you 
do not want to become a veterinarian? etc. Through the discipline-specific ways of 
creating a separate approach to the respective discipline results. All the above 
questions can therefore be answered, for example, with reference to overall 
educational goals, such as “participation” and resp. or “world understanding”. 

3 Conclusions 

The teaching of computing competences and digital media education are, therefore, 
essentially complementary fields that can substantially benefit from each other in the 
sense of the above model. While computer science is concerned with teaching the 
underlying principles of the “digital world” and enabling learners to actively 
participate in the “digital world”, the goal of media education is to make learners 
competent and reflected users of existing IT systems [8, p4]. Both aspects are 
important and central to education in the “digital world”. Even if advertisements 
propagate that there is “an app for everything”, we have to prepare young people for a 
world that does not yet exist, involving technologies that have not yet been invented, 
and that present technical and ethical challenges of which we are not yet aware [8, p. 
3]. Comprehensive education must therefore also look at digitalization from a 
computing perspective as a subject of instruction. Various national approaches have 
already been developed and implemented [10]. Overall concepts of education in the 
digital age should therefore integrate all the above-mentioned perspectives and come 
to the conclusion that not either digital literacy or computing education is the solution 
for the needs of the digital age – it is the adequate combination of both, as 
summarized in the Dagstuhl declaration [1]: 

1. Education in the digital networked world must be taken into consideration 
from a structural, socio-cultural and application-oriented perspective. 

2. A separate learning area (e.g. a mandatory school subject) must be set up in 
schools, in which the basic concepts and competences for the orientation in the 
digital networked world are acquired. 

3. In addition, it is task of all subjects to integrate and implement digital literacy. 
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4. Digital education in the above-mentioned learning area as well as within the 
other subjects must be carried out continuously across all school levels for all 
pupils following a spiral curriculum. 

5. An accordingly well-founded teacher training in the related sciences of 
computer science and media education is essential for this. This means: 
a. A study component within teacher education, which includes concepts 

and competencies from the fields of computer science and media 
education, has to be established. 

b. All related sciences must meet the challenge and conduct further research 
and develop concepts for digital education. 

c. Comprehensive training and further education for teachers from the 
above-mentioned perspectives must be set up in the short term. 
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