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Abstract. Over the last years, the situation of informatics in schools
was significantly strengthened in Germany. Furthermore, the scientific
discipline of informatics and its influence on our daily lives are con-
stantly evolving. In light of this, in 2025 the German Informatics Society
published new standards for lower secondary education in informatics in
Germany, replacing the first version published in 2008. In this country
report, we describe the development process and the resulting revision
of the standards. In particular, we present overarching themes and illus-
trate changes to the preceding document. This way, we demonstrate how
the developments and trends in informatics (education) were addressed
within the German context, contributing to the international discourse
on the curricular evolution of informatics in schools.

Keywords: National Standards · Lower Secondary Education · Com-
puter Science · K-12

1 Introduction

In 2008, the German Informatics Society (GI) published a first version of national
standards for lower secondary education in informatics [1]. These had a recog-
nizable influence on implementing the subject informatics in lower secondary
schools and the development of curricula in the German federal states. Further-
more, standards for higher secondary education (2016) [2, 3], and recommended
competences for primary schools (2019) [4] were developed by the German In-
formatics Society as well.

Over the years, the need for a revision of the 2008-standards had grown.
Informatics as a scientific discipline has evolved and is shaping our world more
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and more noticeably. This has had an impact on teaching informatics in order to
meet the needs of general education for young people, inevitably necessitating
curricular changes and adjustments – similar to other countries and standards
[5]. Moreover, 12 out of 16 federal states have introduced or announced the
introduction of a compulsory subject informatics in lower secondary schools over
the last years [6]. Extensive experience in teaching informatics in schools led to
an adjustment of expectations. Against this background, in 2021, the GI set up
a working group to revise the standards.

In this country report, we provide an overview of the new revised version,
published in 2025 [7]. To this end, we first describe our national background by
explaining the German educational system and the initial version of the stan-
dards from 2008. We then describe the development process for the revision.
Building upon that, we outline the revisions made to the standards with a fo-
cus on overarching themes, taking into account the national and international
discourse on curricular developments concerning informatics in schools.

2 Background

2.1 Educational Standards

Educational standards define competences that students should achieve in a
subject at a certain grade level. In contrast to the focus on content and methods
in previously common curricula, educational standards are competence-oriented
as a consequence of the PISA studies [8]. They are based on scientific findings and
pedagogical objectives and describe competences that students should develop
in relation to content and subject-specific methods. It is not about what and
how students should learn, but rather what students should be able to do [9].

2.2 The German Education System

The German education system is federal in its nature. Each of the 16 federal
states has its own education system with different types of schools. As a common
feature, from the age of six, school attendance is compulsory for a period of nine
or ten years in all of Germany. In most federal states, this period begins with four
years of elementary school. The lower secondary level typically spans from grade
five to ten. The upper secondary level is voluntary. Students at this level attend
school two or three years more, for a total of 12 or 13 years. A comprehensive
description of the German education system can be found in [10].

In Germany, educational standards are an instrument for educational moni-
toring and quality assurance. They also ensure the comparability of educational
outcomes across the different federal states, thus enabling students’ mobility be-
tween the different federal educational systems. For major subjects, legally bind-
ing standards are created on behalf of the Standing Conference of the Ministers
of Education and Cultural Affairs. Within a federal state, a new curriculum is
then expected to requirements of these standards. The educational standards for
upper secondary education also form the basis for the final examination, serving
as general qualification for university entrance.
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2.3 The First Version of the Standards for Lower Secondary
Education in Informatics (2008)

Over the last decades, various countries developed standards, curricula or alike
for informatics in schools [11].

However, since now (2025) there are no official national standards for infor-
matics in Germany, as it is not yet a compulsory subject in all federal states.
Therefore, in 2008, after a four-year development process, the GI published rec-
ommendations for educational standards for lower secondary education in infor-
matics [1]. The aim of these standards was to demonstrate the general educa-
tional nature of informatics and thus successfully promote the introduction of a
compulsory subject in the federal states. In this sense, the standards have the
goal to empower students to understand and be involved in shaping the digital
world we are living in.

These first standards are based on the competence model used in the NCTM-
standards for mathematics education [12]. Accordingly, competences are divided
into process areas and content areas (see figure 1). Process areas are summarised
into five categories and are focused on activities, which are not necessarily ex-
clusive to informatics. One example from the category reason and evaluate is:
“The students evaluate the usefulness of a given representation of information
for a specific situation”. Content Areas are summarised into five categories as
well and more focused on activities directly related to the content of informatics.
One example from the category algorithms is: “The students realise formal repre-
sentations of algorithms and implement them into a programme”. A competence
in the field of informatics consists of both a process component and a content
component.

3 Development Process

Similar to the process for the first version in 2008, the working group for the
revision of the standards consisted of both practitioners and researchers in the
field of computing education. In total, about 15 people from all over Germany
met regularly between March 2021 and the end of 2024 in a mix of multi-day face-
to-face meetings (especially at the beginning, allowing for intensive discussion)
and online sessions (more towards the end, finalising the standards). During
the meetings, subgroups were often formed to focus on specific aspects, such as
individual content or process areas, based on individual expertise and interest.
The results and intermediate states of the discussions were frequently fed back
to the whole group, related to each other, and discussed intensively—also taking
into account the academic discourse in the field.

Community involvement played an important role. At an annual comput-
ing education workshop for researchers and school teachers, a group of critical
friends provided feedback to the respective status in the years 2022, 2023 and
2024. Furthermore, before the largest (biennial) German-speaking conference on
informatics in schools (INFOS) in 2023, more than 150 participants were pro-
vided with an interim version and asked for written feedback as well as their
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Fig. 1. Competence Structure of the 2008 Standards

participation in a workshop as part of the conference programme. After incor-
porating the feedback, an online survey was conducted in the fall of 2023, invit-
ing the entire informatics in schools community. As a final step of community
involvement, four established experts in computing education and educational
research were asked for their assessment.

After incorporating community feedback through these formats and reaching
a final consensus in the working group, the standards passed various committees
in the GI and were finally published in January 2025.

4 The 2025 Standards for Lower Secondary Education in
Informatics

In the following, we describe the revisions made to the standards. First, in section
4.1 we present overarching themes. Subsequently, in sections 4.2 and 4.3, we pro-
vide a more detailed comparison of the process- and content areas, respectively,
illustrating the changes made with specific examples.

4.1 Overarching Themes of the Revision

For the revised version of the standards, extensive changes were made. However,
the new version is more of an update in the sense of a natural evolution rather
than a disruptive paradigm shift. In the following, we present overarching themes
that emerged during the development process.
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Changing the Target Group Back in 2008, the actual curricular integration
of informatics as a subject was scarce and primarily implemented in elective
formats. Therefore, the previous standards aimed at teachers and educational
decision-makers, both groups with—at that time—often a rather limited back-
ground in teaching informatics. They also provided more explicit orientation on
content as well as pedagogical recommendations on how to teach it. Given the
ongoing nationwide introduction of informatics as a mandatory subject and the
far larger percentage of well-educated teachers, the working group decided to
change the primary target group and now clearly address curriculum designers
in the different federal states. To this end, the standards were realigned to serve
as an orientation and recommendation for curriculum development, not as a
direct basis for teaching.

Alignment with Policy Recommendations In line with this, the new stan-
dards are aligned with the latest national educational recommendations, par-
ticularly the number of lessons that ought be allotted for informatics. In 2022,
the Scientific Commission of the Standing Conference of Ministers of Education
published a comprehensive report recommending at least six lessons per week,
distributed over the course of lower secondary education (e. g. one lesson a week
from year 5 to 10) [13]. In clear support of this demand, the new standards are
designed under this assumption and adapted to fit within this scope.

Addressing Every Student Furthermore, the revision paid particular atten-
tion to the aims of general education in the context of informatics for all. In
2008 and the following years informatics reached only a comparatively small
group of students, mostly at grammar schools and in elective courses. As a com-
pulsory subject, however, informatics has to be approachable and relevant for
everyone, regardless of school type or career plan. Combined with the increased
experience gained in the last 20 years in teaching and learning informatics in
lower secondary levels, competences were critically reevaluated with respect to
whether they are indeed suitable and relevant for everyone, not just for certain
rather motivated students.

Cutting Ties Back in 2008, the German political discourse on informatics in
schools was still heavily influenced by digital or media literacy and ICT-related
skills. Hence, the 2008 standards included an extensive justification for why
informatics should be an essential part of a contemporary general education.
Furthermore, quite a few competences were, in fact, related to digital literacy.
For instance, there was a strong focus on object orientation to model comput-
ing systems (i. e. text processing or spreadsheet software), injecting computing
concepts into ICT education, which was in line with the information-oriented
approach to informatics in schools popular at the time [14]. While still empha-
sizing the importance of modelling, such injections were significantly reduced.
Instead, the new standards take a more self-confident approach by focusing more
on informatics-specific content and removing corresponding justifications.
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Integrating Innovations in Informatics As a young and dynamic scien-
tific discipline, informatics is characterised by ongoing changes and innovations,
which frequently influence the world we live in. With respect to general educa-
tion, such innovations need to be analysed concerning relevant competences to
prepare students for their future lives, without falling for short-lived technologi-
cal developments or hypes. The most prominent example is the recent advance-
ments in artificial intelligence (AI), resulting in an ever-growing importance of AI
systems in our society and daily lives. To educate responsible citizens, everyone
ought to learn about the core ideas and principles of AI, which are also discussed
as a new perspective on computational thinking [15]. Against this background,
respective competences based on the discourse in computing education [16–18]
were included across existing content areas. This underscores an integrative ap-
proach to AI education in schools [19]: AI is considered as a different perspective
on existing content and therefore the existing content areas were thus extended
correspondingly. It did not turn the whole curriculum upside down. Similarly,
competences concerning education for sustainable development [20] were added
throughout the content and process areas.

Updating Traditional Content Besides new competences, existing content
was re-evaluated and revised. A central example of this is the perspective on
data. While being an important part of the 2008 version, it was mostly focused
on representations and operations. In line with the discourse in computing edu-
cation, this was developed further, shifting the focus towards a more holistic
perspective in the sense of data literacy and the data life cycle [21]. Similarly,
other competences were revised to reflect developments in the field, e. g. con-
cerning the internet, cryptography, or the impact of computing on our society
[22].

Abstracting Further Moreover, to achieve the goal of preparing students for
their future, so that even in 20, 30, or 40 years they are able to understand
situations and phenomena surrounding them to a certain level, we have to pro-
vide them with transferable fundamental ideas and principles of informatics [23,
24]. While in general the 2008 standards met those goals, in some cases, com-
petences rather closely referenced specific technologies. Such cases were revised
to use more general terms to further reduce dependence on technological de-
velopments. For example, references to email and chat were replaced by “the
use of computing systems for synchronous and asynchronous communication,
cooperation and collaboration”.

Strengthening the Design-Perspective Lastly, the 2008 standards put a
strong focus on the understanding of certain computing concepts, but sometimes
did not explicitly require their application in relevant contexts. In line with
constructionism [25], the new standards more clearly highlight the design of
personally meaningful artifacts, which certainly requires but goes beyond a mere
understanding of concepts.
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4.2 Process Areas

The new standards adopt the competence model of the previous version (see fig-
ure 1), including its five process areas: model and implement, reason and evaluate,
structure and connect, communicate and cooperate, depict and interpret. In order
to increase alignment with the 2016 standards for upper secondary education,
each process area was differentiated into three requirement levels: (I) reproduc-
tion, (II) reorganisation and transfer, and (III) reflection and problem solving.
Those correspond to the Uniform Requirements for the Abitur Examination
[26]. Due to their general and grade-independent formulation, they were deemed
to also be applicable to lower secondary education. The resulting competence
model, supplemented by the requirements levels, is illustrated in figure 2.

— Computing Systems

— Informatics, Human and Society

Process Areas

Content Areas

I Reproduction

II Reorganisation and Transfer

III Reflection and Problem Solving   

Requirement Levels

Depict and Interpret

Communicate and Cooperate

Structure and Connect

Reason and Evaluate

Model and Implement

— Language and Automata

— Algorithms

— Information and Data

Fig. 2. Competence Structure of the 2025 Standards

In general, there were no paradigmatic shifts in the orientation of indivi-
dual process areas. All areas were revised to use more abstract wording. For
instance, phrases such as “diagrams, graphics and illustrative models” were fre-
quently used in the old version. The new standards summarise these as “represen-
tations”. Moreover, many previous process competences included references to
content. For instance, the 2008 version required students to “identify objects in
computing systems and recognise attributes and their values”, which references
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object-oriented programming. One update addressed the process area communi-
cate and cooperate, as collaboration and cooperation were clearly distinguished
and collaboration considerably strengthened. Overall, the new version aimed to
better separate processes from content.

4.3 Content Areas

As with the process areas, the new standards adopt the five content areas from
the previous version (figure 1): information and data, algorithms, language and
automata, computing systems, and informatics, human and society. All content
areas underwent significant changes, sometimes altering their overall alignment
to educational approaches and theories. In the following we provide a more
detailed overview of the changes made to individual content areas.

Information and Data The previous version emphasised abstract data struc-
tures, their processing and representation. The new version is instead geared to-
ward the data life cycle and also includes competences regarding data gathering,
selection and the evaluation of their suitability for a given problem. It thus high-
lights a more contextualised view on data as the product of digitising analogue
phenomena. For example, a new competence requires students at the end of
grade 10 to “interpret data and explain the limits of this interpretation (e. g.
with regard to correlation and causality in the context of machine learning).”
Overall, this represents a shift from a more structural to a more inquiry-based
view on information and data [27].

Algorithms The previous version tended to treat algorithms more as objects
of analysis, entities to be defined and whose qualities are to be assessed. The
new version instead casts algorithms more as a means for solving problems,
entities that are created for a specific purpose. A typical example of this is
a new competence, that requires students at the end of grade 10 to “analyse
problems, split them into sub-problems and develop algorithms to solve them”.
References to source code and formal representations were replaced by visual
programming languages as the recommended means of implementation. With
reference to Lonati et al. [28], the content area thus shifted from treating al-
gorithms and programs primarily as abstract entities and notational artefacts,
towards treating them more as human-made tools for problem solving.

Language and Automata This content area was shortened significantly, as the
authors agreed that many previously included elements of theoretical computer
science are better reserved for upper secondary levels. In fact, several compe-
tences were dropped because they had since become part of the upper secondary
standards [2]. All references to real-world machines were dropped as well, for in-
stance, those referencing the inputs and outputs of “real automata” like a vending
machine. The result is a very lean content area highlighting state-based models
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and application-based formal languages. For instance, the only remaining grade-
6 competency requires students to “identify and describe formal languages from
their everyday lives.”

Computing Systems The standards define a computing system as a purposeful
combination of hardware, software and networking. By interacting with its socio-
cultural application context, it forms a sociotechnical system. Such interactions
are more strongly highlighted in the new version. For example, a new competence
requires students at the end of grade 10 to be able to “describe and realise
the interaction of computing systems with their environment through sensors
and actuators.” Competences relating to networking, security and coping with
unexpected system behavior were added as well.

Informatics, Human and Society The previous version focused on specific
legal frameworks, such as data privacy or licensing law, and emphasized comput-
ing impacts as a central concept. Hence, it cast informatics systems as something
students primarily need to evaluate and react to “rather than actively shaping
it” [29, p. 122]. In contrast, the new version also highlights social and ethical
considerations during system design, such as human values, ambitions and bi-
ases that drive and shape development processes [22]. For instance, a grade-10
competence requires students to “reflect on human goals and interests (e. g. ac-
cessibility, sustainability, profit, power) while designing informatics systems.”
Aspects of system security and students’ responsibility for it were strengthened
as well.

5 Conclusion

While the previous standards from 2008 were crucial for guiding and strength-
ening the development of informatics in German schools, they were a product of
their time and in need for revision to make them suitable for future use. There-
fore, a GI working group developed a revised version over the course of four
years. In their development process, they repeatedly involved feedback from the
German community on informatics in schools, research and practice alike. The
key updates reflect the changed state of informatics in schools in Germany, espe-
cially the larger amount of mandatory education and the established position as
a subject universally considered relevant for general education. Furthermore, the
revision addresses developments in the underlying scientific discipline of infor-
matics, that made certain updates necessary. Attention was put on making these
standards future-proof by abstracting even further from specific technologies. In
doing so, the national and international discourse was taken into account.

However, while we consider the revision of the standards to be an important
step in national development, the discourse both about the role and implemen-
tations of informatics in schools is far from being settled. As such, certain states
or school types still do not include (sufficient) mandatory informatics in schools.
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In particular, anchoring informatics in primary and aligning it with secondary
education is essential. Furthermore, fostering the teaching quality of informatics
in the classroom is an important task. To this end, research in computing educa-
tion as well as professionalising teacher education and professional development
further are central, e. g. addressing issues such as inclusive teaching and learning.

The revised standards for lower secondary education in informatics advance in-
formatics in schools in Germany. The overarching themes and changes of the
revision contribute to the ongoing international discourse on curricular develop-
ment in informatics.
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Informatics in Schools. Fundamentals of Computer Science and Software Engineer-
ing, pp. 117–128. Springer, Heidelberg (2018). https://doi.org/10.1007/978-3-030-
02750-6_9

4. Humbert, L., Best, A., Borowski, C., Büttner, K., Freudenberg, R., Fricke, M.,
Haselmeier, K., Herper, H., Hinz, V., Müller, D., Schwill, A., Thomas, M.: Kom-
petenzen für informatische Bildung im Primarbereich [competences for computing
education in primary education]. Gesellschaft für Informatik e.V., Bonn (2019)
https://doi.org/10.18420/rec2019_061

5. Koressel, J., Twarek, B., Smith, J., McGill, M.: Reimagining Standards for Com-
puter Science Education for Primary and Secondary Schools. In: Michaeli, T.,
Sentance, s., Bergner, N. (eds.) Proceedings of the 19th WiPSCE Conference on
Primary and Secondary Computing Education Research, pp. 1–2. Munich (2024).
https://doi.org/10.1145/3677619.3678121

6. German Informatics Society and Stifterverband and Heinz-Nixdorf-Stiftung:
Informatik-Monitor 2024/2025, https://informatik-monitor.de/(2024), last ac-
cessed 2025/05/30

7. GI: Empfehlungen der Gesellschaft für Informatik e.V.: Bildungsstan-
dards Informatik für die Sekundarstufe I [Recommendations of the Ger-
man Informatics Society: Educational standards for computer science
at lower secondary level]. Gesellschaft für Informatik e.V., Bonn (2025)
https://doi.org/10.18420/rec2025_052



German Standards for Lower Secondary Education in Informatics 11

8. Neumann, K., Fischer, H.E., Kauertz, A.: From PISA to educational standards:
The impact of large-scale assessments on science education in Germany. Interna-
tional Journal of Science and Mathematics Education 2(5), pp. 545–563 (2010)
https://doi.org/10.1007/s10763-010-9206-7

9. Weinert, F.E.: Concept of competence: A conceptual clarification. In: Rychen,
D. S., Salganik, L. H. (eds.) Defining and selecting key competencies, pp. 45–65.
Hogrefe & Huber Publishers (2001).

10. Secretariat of the Standing Conference of the Ministers of Education and Cultural
Affairs of the Länder in the Federal Republic of Germany: The Education System in
the Federal Republic of Germany 2019/2020, https://www.kmk.org/fileadmin/
Dateien/pdf/Eurydice/Bildungswesen-engl-pdfs/dossier_en_ebook.pdf
(2021), last accessed 2025/05/30

11. Hubwieser, P., Giannakos, M.N., Berges, M., Brinda, T., Diethelm, I., Magen-
heim, J., Pal, Y., Jackova, J., Jasute, E.: A Global Snapshot of Computer Sci-
ence Education in K-12 Schools. In: Proceedings of the 2015 ITiCSE on Working
Group Reports, pp. 65—83. Association for Computing Machinery, Vilnius (2015).
https://doi.org/10.1145/2858796.2858799

12. NCTM: Principles and Standards for School Mathematics. National Council of
Teachers of Mathematics, Reston (2000)

13. Köller, O., Thiel, F., van Ackeren, I., Anders, Y., Becker-Mrotzek, M., Cress, U.,
Diehl, C., Kleickmann, T., Lütje-Klose, B., Prediger, S. and others: Digitalisierung
im Bildungssystem: Handlungsempfehlungen von der Kita bis zur Hochschule.
Gutachten der Ständigen Wissenschaftlichen Kommission der Kultusministerkon-
ferenz (SWK) [Digitalisation in the education system: Recommendations for action
from kindergarten to university. Report by the Standing Scientific Commission of
the Standing Conference of the Ministers of Education and Cultural Affairs]. SWK,
Bonn (2022) https://doi.org/10.25656/01:25274

14. Breier, N., and Hubwieser, P.: An information-oriented approach to
informatical education. Informatics in education 1(1), 31–42 (2002)
https://doi.org/10.15388/infedu.2002.03

15. Tedre, M., Denning, P., Toivonen, T.: CT 2.0. In: Seppälä, O., Pe-
tersen, A. (eds.) Proceedings of the 21st Koli Calling International Con-
ference on Computing Education Research, pp. 1–8. Joensuu (2021).
https://doi.org/10.1145/3488042.3488053

16. Michaeli, T., Romeike, R., Seegerer, S.: What students can learn about artifi-
cial intelligence—recommendations for K-12 computing education. In: IFIP World
Conference on Computers in Education, pp. 196–208. Springer, Heidelberg (2023).
https://doi.org/10.1007/978-3-031-43393-1_19

17. Olari, V., Romeike, R.: Data-related concepts for artificial intelli-
gence education in K-12. Computers and Education Open (7), (2024)
https://doi.org/10.1016/j.caeo.2024.100196

18. Touretzky, D., Gardner-McCune, C., Seehorn, D.: Machine learning and the five
big ideas in AI. International Journal of Artificial Intelligence in Education 2(33),
pp. 233–266 (2023) https://doi.org/10.1007/s40593-022-00314-1

19. Grover, S.: Teaching AI to K-12 learners: Lessons, issues, and guidance. In: Pro-
ceedings of the 55th ACM Technical Symposium on Computer Science Education,
pp. 422–428. ACM (2024). https://doi.org/10.1145/3626252.3630937

20. United Nations. Department of Economic and Social Affairs: Sustainable Develop-
ment: 17 Goals, https://sdgs.un.org/goals (2015), last accessed 2025/05/30



12 Authors Suppressed Due to Excessive Length

21. Grillenberger, A., Romeike, R.: Developing a theoretically founded data literacy
competency model. In: Mühling, A., Cutts, Q. (eds.) Proceedings of the 13th work-
shop in primary and secondary computing education, pp. 1–10. Potsdam (2018).
https://doi.org/10.1145/3265757.3265766

22. Rücker, M.T.: Modeling Conceptual Knowledge of Computing Impacts for K-12.
In: Sentance, S., Grillenberger, M. (eds) Proceedings of the 18th WiPSCE Confer-
ence on Primary and Secondary Computing Education Research, pp. 1–10. Cam-
bridge (2023). https://doi.org/10.1145/3605468.3605469

23. Denning, Peter J.: Great principles of computing. Communications of the ACM
11(46), 15–20 (2003) https://doi.org/10.1145/948383.948400

24. Schwill, A..: Fundamental ideas of computer science. Bulletin of the European
Association for Theoretical Computer Science 53, 274–295 (1994)

25. Kafai, Y.B., Resnick, M.: Constructionism in practice: Designing, thinking, and
learning in a digital world. Routledge, Milton Park (2012)

26. Secretariat of the Standing Conference of the Ministers of Education and Cul-
tural Affairs of the Länder in the Federal Republic of Germany: Einheitliche
Prüfungsanforderungen in der Abiturprüfung (EPA) [Uniform examination
requirements for the Abitur examination], https://www.kmk.org/fileadmin/
veroeffentlichungen_beschluesse/1989/1989_12_01_EPA_Informatik.pdf
(2004), last accessed 2025/05/30

27. Schulte, C., Sentance, S., Sparmann, S., Altin, R., Friebroon-Yesharim, M., Land-
man, M., Rücker, M.T., Satavlekar, S., Siegel, A., Tedre, M., Tubino, L., Var-
tiainen, H., Velázquez-Iturbide, J.A., Waite, J., Wu, Z.: What We Talk About
When We Talk About K-12 Computing Education. In: Monga, M., Lonati, V.,
Barendsen, E. (eds.) ITiCSE 2024: Working Group Reports on Innovation and
Technology in Computer Science Education, pp. 226–257. ACM, Milan (2024).
https://doi.org/10.1145/3689187.3709612

28. Lonati, V., Brodnik, A., Bell, T., Csizmadia, A.P. and De Mol, L., Hickman, H.,
Keane, T., Mirolo, C., Monga, M.: What We Talk About When We Talk About
Programs. In: Becker, B.A., Quille, K., Laakso, M.-J. (eds.) Proceedings of the
2022 Working Group Reports on Innovation and Technology in Computer Science
Education, pp. 117–164. Dublin (2022). https://doi.org/10.1145/3571785.3574125

29. Mahoney, M.S.: The Histories of Computing(s). Interdisciplinary Science Reviews
2(30), 119–135 (2005) https://doi.org/10.1179/030801805X25927


