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How to Implement Computing Education for All -
Discussion of Alternative Organisational Models

Torsten Brinda

University of Duisburg-Essen, Computing Education Research Group, Germany
torsten.brinda@uni-due.de

Abstract. In the context of the implementation of computing education for all school
students, different implementation models are proposed and discussed: integration of
computer science concepts and competencies into existing school subjects,
establishment of a separate computing subject, offers of workshops and projects in
schools, and out-of-school activities. Within the context of this position paper, the
afore-mentioned implementation variants are discussed and evaluated.

Keywords: Computing Education, Integration, Mandatory Subject.

1. Introduction

The progressive imprinting of our life- and work environments by means of
digitalization and the resulting, pressing challenges of personal, social and economic
nature make it necessary for educational policy to respond to these challenges by
further development of school education. It is noteworthy that the choice of
compulsory school subjects in most countries remained essentially unchanged since
the time before digitalization. Students learn several languages in order to be able to
read and to write and to be prepared for the challenges of increasing
internationalization. They deal with mathematics in order to understand and calculate
quantitative facts. They get to know the aesthetics of musical and artistic artefacts to
understand them and to discover and develop a potential talent in this area. The same
applies to the social and natural sciences. Personal insights concerning interest or
even talent are also possible because pupils have to take — to a certain extent —
compulsory components in these areas and thus are led to processes of understanding,
analysis and creation in the particular subject. With regard to aspects concerning the
world characterized by digitalization, often only electoral offers (optional subjects,
working groups, etc.) are provided and it is thereby left to the self-responsibility of
the pupils to ascertain themselves whether they would be interested and could be
successful in this field. In view of the challenges faced by digitalization, it is
necessary that all pupils become adequately computing-literate in order to also
understand this part of the world surrounding them and to be prepared for active
participation to extend comparable to other subjects [1]. There are different
approaches to implementing computing education for school students, which are
discussed in the following section.
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2. Discussion of Organizational Models of Computing Education

2.1 Integration into Existing Subjects

There are a number of questions concerning the integration of new learning objectives
into existing school subjects while leaving the available teaching time unchanged.
The teachers of the respective subjects must be prepared to integrate computing
competencies or have to be motivatable in an extrinsic manner. Furthermore, they
must be able to acquire the necessary competencies by themselves or with the help of
others to such an extent that they can competently prepare and give own lessons.
Large-scale international studies on the integration of digital media into school
subjects showed that this approach has not been successful in the past (e. g. [2]). It is
thus left to chance in the respective field, which competencies the learners will
acquire, which is problematic with regard to ensuring equal opportunities for all of
them. The binding nature of competencies could be increased by using the outcome-
related control mechanisms of the respective school administration (e. g. educational
standards, centralized learning-level surveys, centralized exams). This could help
counteract unfavorable developments. Since the individual school is usually only
reached every several years by central learning surveys, demonstrable changes — even
against the will of individual teachers — are, however, a lengthy process. In the case of
integration into other subjects, media and computing competencies would then have
to be assessed in this way, school-internal curricula including these competencies
would have to be designed and maintained for standardization. What has apparently
already been a challenge for the use of digital media, which was not mastered
successfully in a broad way, should be almost hopeless in the case of computing
concepts despite the possible inclusion of output control. While the integration of
digital media requires “only” their intelligible and didactically reflected application
from the particular subject perspective and *“only” is an extension of the tools
available for teaching certain competencies, it is still about teaching and learning in
the respective subject. An inclusion of computer science concepts requires a
completely new, unfamiliar perspective. This is not to deny that a large number of
teachers of other subjects are already including computing concepts and competencies
in their respective subjects or support extracurricular offers. This is generally positive,
provided that it is done in a technically competent way, but it is essentially
determined by the motivation, the specific qualifications and the commitment of these
persons and it may be more than doubted that a large number of teachers of other
subjects would develop enough enthusiasm for that, especially in the light of the fact
that they have deliberately opted for their respective subjects. Furthermore, no
systematic statement can be made about the computing qualification of these teachers
and the extent to which the objectives of computing education are pursued and
achieved.

In order to obtain an adequate view of computer science, teacher education study
programmes in Germany require passing modules taken from the fields of
programming, algorithms and data structures, modelling, software engineering,
databases, computer networks, operating systems, computer architecture, formal
languages and automata, impacts of computing, and computing education [3] — in
short, a complete computer science teaching degree study, which would have to be
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studied as an additional subject. A reduced selection of individual modules, however,
only reveals individual aspects; the underlying principles and the design of computing
systems, their impacts on society and the teaching of corresponding concepts are only
revealed in the completeness. The inclusion of new competencies in an existing
subject with the same time for instruction also inevitably raises the question of what
other content should be reduced. While the inclusion of digital media would only lead
to a different media-based teaching-learning process, the inclusion of computing
competencies (as described in curricular recommendations, e.g. k12cs.org) would in
fact necessarily lead to the analysis of which of the host-subject’s concepts and
competencies should be reduced. In this respect the same question arises here, which
also needs to be answered in the case of a mandatory subject.

2.2 A Separate (Mandatory) Subject for Computing Education

According to Fluck et al. [4] the reasons for a (mandatory) computing subject are
essentially social, cultural and economic. From a social point of view, it is desirable to
enable young people to participate actively in society also from a technological
perspective and not only to turn them into passive consumers of technology. This also
includes recognizing and promoting the new technical possibilities with regard to
their potential to increase productivity. Media and tools have often served as
enhancers of human skills (see [5, p. 6-8]). A hammer reinforces the possibilities of
the hand, a vehicle that of the legs, through texts arise new possibilities of self-
expression and thought. In future, many people will get into contact with
programming in their private lives as well as in their jobs and even program to a
certain extent — but without being or becoming a software developer. The aim of
“learning to program” is not to enable everybody to program systems such as MS
Office or Facebook, as “learning to write” does not necessarily lead to writing an 800-
page world bestseller book in the future — but it is a prerequisite. Computing-literate
people can express themselves more comprehensively, that is also by means of
computer science, and thus obtain further possibilities for action, which contributes to
an increase in their productivity potential. On the other hand, uninformed decisions
lead to social costs through lost productivity. All those who are qualified can, as well-
informed citizens, decide by themselves which role they want to take in society —
from user to creator everything is possible. From a cultural perspective, it is about
empowering people to actively co-shape cultural change and not simply accept it as
given and to adapt their lives accordingly. From an economic point of view, there is a
great demand for specialists in the ICT sector both in Germany and abroad. In order
to make and keep the respective country internationally competitive in a world
increasingly characterized by computer science (see [4]), it is necessary to open up
young people more than previously also professional career paths in this area. This
requires that more pupils acquire competencies in the field of computer science, learn
about the discipline in analogy to others represented in the school and can develop
self-confidence and interest in it. The international perspective shows that computing
competencies are becoming mandatory in more and more countries (e. g. [1]).
Furthermore, a separate subject offers the possibility to systematize, structure and
network the technical concepts by placing them in an overall picture. Teachers, who
have not studied computer science as a subject, cannot take responsibility for this,
because, even if they have received a basic qualification in computer science, they can
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only have a very limited view of the discipline. In this context, a comparison with the
school subject related to mother tongue, e.g. German language, is helpful. German
language is used in all except for foreign language classes in Germany. Nevertheless,
in German classes, the language itself is not only analysed, but also artefacts are
produced in order to be not only a “consumer”, but also a “creator” (i.e. a writer) of
German language artefacts oneself. In order to promote reading in an understanding
way, lessons deal, for example, with syntactical and grammatical aspects and examine
the structure and special characteristics of typical text categories (e.g. authors’
intentions). Furthermore, texts of different categories are produced (e.g. essays,
discussions, definitions). This results in a stepwise construction of the systematics in
the subject German combined with a domain-specific application of German language
in (almost) all other subjects. This analogy can be well applied to the argument here.
Working with digital media in other subjects also provides specific links to computer
science, e.g. the functioning of semiconductors in physics, audio compression
processes in music. A computing subject builds a systematic structure analogously to
the language subject above, and can thus integrate cross-references to subject-specific
aspects in an overall picture. This promotes the development of corresponding
knowledge structures of the learners. The host-subjects’ teaching staff, who have not
studied computer science, cannot take responsibility for this, because they lack the
necessary disciplinary overview of computer science. In this respect, both the
integration and a separate subject are required.

Against an elective subject it is argued that their offering and choice are strongly
dependent on local contexts and discussions taking place in them. By means of
optional respectively optional compulsory subjects, continuous work and systematic
competence development is not possible for all pupils.

2.3 School working groups/projects

Working groups or projects enable pupils to pursue individual interests and to deepen
themselves in these areas. This is fundamentally welcome and a valuable tool for the
design of learning processes at school. However, this approach is unsuitable for
developing competencies, which all students of a generation should develop in the
same quality, since the prerequisite would be a gapless offer of corresponding
working groups or projects and the competency acquisition would have to be
systematically enabled and assessed. This would be the same as a mandatory school
subject.

2.4 Out-of-school activities

Outreach activities of various kinds enable pupils to get to know selected ideas of
computer science in temporary workshops. Due to the time constraints and the locally
different availability of such offers, neither a systematic competency development nor
equality of opportunity can be achieved for all learners.
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3. Conclusions

Since educational policy sometimes seems to avoid to answer the question, where the
required lesson time for a new mandatory subject should come from, the concepts and
competencies of this field are often either abstractly delegated for integration into all
or a choice of other subjects, or totally discarded. In the case of teaching and learning
with digital media in all subjects, broad integration was not yet successful, so it seems
even less achievable in the case of computer science concepts and competencies.
Furthermore, the goal of integrating computer science in all subjects leads to a de-
professionalization of the profession of computing teachers, since it could then be
concluded that every teacher can and would like to take over the respective tasks in
addition to his or her own ones and that no particular study is needed for that. This
can only lead to either no systematic computing education at all, or one only at a
professional level, which can be supported by a large number of teachers — it would
be surprising, if this level would exceed that of primary education significantly. Since
the recruitment of teachers is essentially controlled by school subjects, a separate
mandatory computing subject seems to be without alternative at the present time.

To this end, all countries should develop a plan for the computing competencies
that all learners should acquire in the future, and by which time this should be
implemented in which way in the school system.
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