
HAL Id: hal-05533330
https://inria.hal.science/hal-05533330v1

Submitted on 2 Mar 2026

HAL is a multi-disciplinary open access archive
for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documentsmay come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

L’archive ouverte pluridisciplinaireHAL, est des-
tinée au dépôt et à la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
français ou étrangers, des laboratoires publics ou
privés.

Distributed under a Creative Commons CC BY 4.0 - Attribution - International License

Foundations of Computer Science in General Teacher
Education – Findings and Experiences

from a Blended-Learning Course
Stefan Seegerer, Tilman Michaeli, Ralf Romeike

To cite this version:
Stefan Seegerer, Tilman Michaeli, Ralf Romeike. Foundations of Computer Science in General Teacher Edu-
cation – Findings and Experiences from a Blended-Learning Course. IFIPWorld Conference on Computers in
Education (WCCE), Aug 2022, Hiroshima, Japan. pp.389-399, ⟨10.1007/978-3-031-43393-1_36⟩. ⟨hal-05533330⟩

https://inria.hal.science/hal-05533330v1
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


 
 
 
This document is the original author manuscript of a paper submitted to an IFIP 
conference proceedings or other IFIP publication by Springer Nature.  As such, there 
may be some differences in the official published version of the paper.  Such 
differences, if any, are usually due to reformatting during preparation for publication or 
minor corrections made by the author(s) during final proofreading of the publication 
manuscript. 
 
 
 



Foundations of Computer Science
in General Teacher Education – Findings
and Experiences from a Blended-Learning

Course

Stefan Seegerer1(B) , Tilman Michaeli2 , and Ralf Romeike1

1 Computing Education Research Group, Freie Universität Berlin, Berlin, Germany
{stefan.seegerer,ralf.romeike}@fu-berlin.de

2 TUM School of Social Sciences and Technology, Computing Education Research
Group, Technical University of Munich, Munich, Germany

tilman.michaeli@tum.de

Abstract. With regards to the digital transformation, the consensus
that computer science education plays a central role in shaping “digi-
tal education” is now emerging: Beyond the efficient and reflective use of
information systems, new topics and methods arise for all school subjects
that require computer science competencies and must be anchored in gen-
eral teacher education. However, in light of students’ heterogeneity, the
question of how motivation, subject-specific demands, and applicability
in subject teaching can be harmonized presents a particular challenge.
This paper presents key findings and experiences from the research-led
development and subsequent evaluation of a blended learning course
offering. This course offering provides student teachers of all subjects
and school types with basic computer science competencies for teach-
ing in the digital world. On this foundation, success factors and good
practices in the design of the course are identified. It is shown that the
design of such courses can be successful if illustrative examples are used,
communication and collaboration are promoted and, in particular, refer-
ences and application perspectives for the respective subjects are taken
into account.

Keywords: computing education · digital education · general teacher
education · blended learning

1 Introduction

With the digital transformation, the way we communicate, use technologies,
work, or gather information is changing in all areas of life. School subjects are
also affected by this transformation process – and increasingly it is acknowledged
that computer science competencies are not only relevant for the efficient and
reflective use of digital media or information technology systems [1]. For example,
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in science classes, simulations and data analysis – also referred to as the third
and fourth pillars of science – are used to gain insights. Additionally, sensors may
be used to collect digital measurements. In economics classes, digital business
models and their impact on the labor market are addressed; and in religion
classes, ethics are discussed in the context of algorithms and artificial intelligence.
These changes, which affect not only content such as artificial intelligence but
also methods such as data analysis or simulations, represent an important aspect
of “digital education”.

Teachers of all subjects and school types need the corresponding competen-
cies to be able to address these changes appropriately in their teaching. Com-
puting Education plays a central role in this context: Only with competencies in
handling and evaluating data, or by having a basic understanding of algorithms,
are teachers able to address corresponding phenomena in the classroom in a well-
founded way. Accordingly, the training and continuing education of teachers is
a central task in the context of digital education, in which computer science
must assume a leading role. In light of the students’ heterogeneity, the question
arises as to how motivation, content and applicability in the classroom can be
harmonized. Therefore, this paper presents key findings and experiences from
the research-led development and subsequent evaluation of a blended learning
course. This course provides student teachers of all subjects and school types
with basic computer science competencies for teaching in the digital world. The
course has been running successfully now for 4 years with almost 1000 students
participating at 3 universities.

2 Related Work

Digital education means new topics and methods for all school subjects [1],
which go beyond the efficient and reflective use of computer science systems.
This means they have to be anchored particularly in the education of teachers
of all subjects and school types. There is now a consensus – not limited to the
perspective of computing education – that computer science education plays a
central role in the design of this kind of digital education and that teachers of all
school subjects need corresponding computer science competencies. Various par-
ties are calling for the necessary foundations of computer science to be anchored
in teacher training. Following the strategy “Education in the Digital World” of
the German Standing Conference of the Ministers of Education and Cultural
Affairs, the Research Group Digital Campus Bavaria has formulated 19 compe-
tencies for teaching in the digital world [2]. There, so-called media-related com-
puter science skills are explicitly required, which include “conceptual knowledge
of databases and algorithms”. An expert commission convened by the German
Ministry for Education and Research also calls for “[a]ll institutions of teacher
education [...] to [promote] computer science competence (in the sense of algo-
rithmic thinking, data literacy, computational thinking, and data security)” [3].
Also, on an international level, several initiatives emphasize the importance of
computer science for digital literacy, such as the “informatics for all” strategy
[4].
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However, few approaches anchoring the foundations of computer science in
general teacher education exist. One such approach is the lecture series “Com-
puter Science in Everyday Life” at the University of Wuppertal [5]. The course
focuses on everyday phenomena which are analyzed and evaluated from the per-
spective of computer science, in order to provide future teachers with “expert
access to the science of computer science”. Furthermore, Yadav et al. [6] inte-
grated a one-week module (2× 50 min lecture) on computational thinking (CT)
into a psychology course for student teachers. This short module focuses specif-
ically on the related concepts of abstraction, reasoning, algorithms, and debug-
ging, and explaining their importance in the classroom in more detail. Other
scholars developed courses specifically designed for prospective elementary school
teachers [7,8]. The focus of these courses was on teaching computer science con-
tent for teaching at a primary level. Therefore, in addition to subject-specific
content, computer science education topics, e. g. the use of unplugged activities,
were addressed as well.

To summarize, existing offers either choose a subject-oriented approach, are
comparatively short, or primarily aim at enabling the teaching of computer sci-
ence competencies. In contrast to this, the applicability in the respective subject,
which is necessary due to the change of all subjects by the digital transformation,
has not been the focus research so far. According to previous experience, with
an approach focusing primarily on computer science content knowledge, this can
be established “only to a limited extent” [5]. There is a lack of research on how
the teaching of the foundations of computer science can be designed for student
teachers of all subjects and school types in order to contribute to applicability
in the subject. However, this would enable future teachers to address the new
contents and methods, that are a result of the digital transformation, in their
teaching.

3 Approach

In the following section, we present the central findings and experiences of the
research-led development, testing, and evaluation of a study program, which
provides student teachers of all subjects and types of schools with fundamental
computer science competencies for teaching in the digital world. In the first
step, conditions and challenges for the design of such a study program will be
identified. Based on this step, the implementation is presented in the form of
organizational decisions and theoretically-derived design principles. These have
been refined in the course of the accompanying research in order to address
the corresponding conditions and challenges. The evaluation accompanying the
module is used to examine how certain design decisions were perceived. Finally,
the entire study program is evaluated in a pre-post design. This allows for the
drawing of conclusions regarding the suitability of the design principles and
organizational decisions.
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4 Design Parameters, Implementation and Outcomes

4.1 Conditions and Challenges

Motivation. Computer science education is increasingly seen as an important
part of general teacher education. However, it can be assumed that due to long-
term established stereotypes, a lack of prior knowledge [8] and insufficient con-
ceptions of computer science and its role in the digital transformation, only few
students exhibit an intrinsic interest on topics of computer science. Furthermore,
computer science is perceived as complex [5] and often reduced to working with
computers [6]. Many students do not see the need to change their role from “out-
sider” to “insider” [9]. Also, the discourse on digital education is often dominated
by the use of digital media in the classroom. In our view, the most important
challenge thus arises from the motivation: How can we attract students to want
to deal with computer science topics and how can we continuously maintain
motivation while contributing to a positively-shaped image of computer science?

Organizational Conditions. The organizational conditions still pose a partic-
ular challenge for such a course, as at most institutions, digital education is not
a (mandatory) part of teacher education curricula. Furthermore, there is a lack
of corresponding qualified staff and resources: How can the numerous student
teachers per institution be provided with a well-founded computer science edu-
cation offer in a timely, financially-feasible, and scalable manner that meets the
demands of good education as elaborated in computing education over the last 30
years (for example, contextualized, modeling-based, idea-based)?

Content-Wise Challenges. Many years of experience in computer science
education at all age levels show that the design of computing education programs
poses special challenges. Computer science is often abstract and thus difficult to
grasp, requires problem-solving skills, has a wide range of topics, and technical
skills are needed to implement computer science models, which are regularly
perceived as demotivating in particular in the context of learning to program
[10]. Furthermore, a great heterogeneity of students is to be expected, both in
terms of their prior computer science experience and in terms of the types of
schools and subjects studied. Given the students’ expected heterogeneity, how
can computer science competencies be developed in a way that offers concrete
application possibilities for subject teaching in various subjects?

4.2 Design of the Course

Organizationally, the course was designed and advertised as an optional
blended learning course (5 ECTS) for “competencies for teaching in the digital
world”, addressing the aforementioned challenges as follows: By embedding it in
the larger context of digital education, the prospect of being able to apply the
acquired competencies to subject teaching, and the close cooperation and joint
implementation with colleagues from media education, the computer science
core was intended to remain in the background. Five of the twelve modules of
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the course deal with the acquisition of computer science competencies, whereby
exemplary topics from the broad spectrum in computer science were interwo-
ven with the requirements in the context of digital education (cf. Table 1)1.
The comprehensive and appealing presentation of the modules as online learn-
ing units should, on the one hand, take into account the expected heterogeneity
of the students, so that they can work as far as possible independently and at
their own pace, as well as pursue personal interests. On the other hand, the
few permanently-available staff and material resources should be used in such
a way that as many students as possible can benefit from the offer. Within the
ongoing scaling and the Covid19 pandemic, the synchronous part was reduced
to the implementation and presentation of the final project phase. The loss of
the opportunity to engage in collaborative learning experiences in face-to-face
encounters was handled with appropriate alternatives considered in the design
principles.

Table 1. Modules of the course, modules with focus on computer science in bold.

Modules 0–5 Modules 6–11

0: Digital literacy in the subject
classroom

6: Research, store, and evaluate
digitally

1: Fundamentals of digitalization 7: Communication, interaction, and
collaboration

2: Media Culture History, Theory,
and Ethics

8: From data to professional
knowledge

3: Computers and the Internet 9: Simulations in the
professional context

4: Creativity in digitalization 10: Social networks

5: Solving subject-specific
problems with algorithms

11: Outlook: Digital opportunities
and boundaries

The content and methodological design is guided by design princi-
ples initially grounded in theory and later sharpened during the accompanying
research, which, in addition to meeting the challenges outlined, aim to illustrate
the relevance, applicability, and creative possibilities of computer science:

Through scaffolding, the learning process is supported by guiding assistance
and the degrees of freedom in performing a task are initially limited [11]. This
(optional) temporary support is intended to help with the understanding of
new concepts so that learners can later work on similar tasks independently.
In the context of the course, the use-modify-create approach [12] was used for
this purpose, explanatory videos were created, and practical tasks were initially
guided in small steps, which was intended to take into account the students’
limited prior experience. The free-text responses to the module-accompanying
1 A publicly accessible version of the modules can be found at blindedforreview.
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evaluations showed that the exercises on programming were challenging, but the
explanatory videos were rated as particularly helpful, so that such assistance for
programming tasks was consistently expanded.

To achieve contextualization in different subjects, examples of application
or relationships to the subjects were shown and social implications taken into
account [13]. The examples were transferred by the students to their own subjects
in reflection tasks to ensure applicability in their teaching. The feedback from
the students showed that the contextualization was important for recognizing
the contents’ significance for their own subject and teaching. Furthermore, the
evaluations showed that the relevance of programming, in particular, must be
made clear through appropriate contexts and illustrative examples.

The consistent application of the “pedagogical double-decker”, which refers to
the idea of training teachers with methods and examples they themselves can
use for their later teaching, is intended to underline the practical relevance of
what has been learned and to make the learning processes more sustainable by
making the contents also tangible at the action level [14], but the activities can
also be applied directly or transferred into teaching. In the evaluations, students
continuously emphasized this as particularly useful for their own teaching.

The continuous promotion of communication and cooperation turned out to
be one of the most important design principles regarding the implementation
as a blended learning course, both for motivational factors and the professional
exchange. For this purpose, discussion forums, digital bulletin boards or tasks
that required explicit collaboration were used. On the one hand, this stimulated
exchange between the subjects, thus highlighting the interdisciplinary impor-
tance of the digital transformation with regards to changing subjects and schools,
and on the other hand, it addressed the great amount of heterogeneity. The stu-
dents found the tasks for the mutual exchange of ideas to be enriching, precisely
because they contributed to the relevance of the content.

In order to lower motivational and technical hurdles for the students, low-
threshold access through active learning and playful tinkering was applied as a
consistent design principle [15]. Animations, applets, games, and the program-
ming environment Snap! were used for this purpose, among others. The latter
is not only very accessible but also allows for easy creation, investigation, and
further development of simulations or data analysis, which additionally directly
provides applicability in subject teaching. These elements were often mentioned
positively by the students in the free-text comments and described as motivating.

4.3 Overall Evaluation

Since the piloting of the first modules in winter term 2018/19, the course has been
offered every semester at three universities due to increasing interest. Overall, out
of the 709 students thus far, an exceptionally high proportion of female students
(75%) for computer science courses stands out. This is notably due to the fact
that a large proportion of the participants could be recruited from the elementary
school teacher training program. Given the growing importance of computer
science education in elementary school [16], this is particularly gratifying.
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Looking at interest in computer science, before the course began, 62% of the
424 participants in the evaluation already agreed with the statement “computer
science is interesting”; 17% of the respondents initially saw computer science
as rather boring. In the pre-post comparison of interest, the Wilcoxon signed-
rank test2 yields a significant increase with medium effect size according to
[17] at a significance level of α = 0.05 with a median of 5 in the pretest and
a median of 6 in the posttest (n = 231, p < 0.001, r = 0.36) – 79% of the
respondents now see computer science as at least rather interesting, only 8% as
rather boring. It is likely that demonstrating the width of computer science and
the corresponding creative and collaborative opportunities have contributed to
the increase in interest.

A central goal of the course is to promote computer science competencies,
particularly ensuring their applicability in the subject classroom. The students’
self-assessment of computer science competencies (for example, on the compo-
nents of a computer, the coding of data, or the subject-specific effects of algo-
rithms), we found only little prior knowledge – in line with our expectations (cf.
Fig. 1). Comparing the results of those who attended computer science within
their K-12 education (46%), the only significant difference was for the question
“I can explain how computers store data in 0 and 1” (Mann-Whitney U tests at
a significance level of α = 0.05).

I can create simple programs for classroom use.

Skala
1 (strongly disagree)

3

2

4

5

7 (strongly agree)

6

13%

27%

40%

42%

47%

66%

66%

75%

71%

73%

59%

45%

41%

37%

23%

19%

18%

15%

15%

14%

14%

17%

16%

11%

15%

7%

14%

I can explain how computers store data in 0 and 1.

I can assess the impact of algorithms on my
subject.

I can assess the importance of data and data
analysis for my subjects.

I can use simulations in the classroom.

I can create simulations for classroom use on my own.

I can analyze data from my subject and discuss
its significance in the classroom.

I can describe the function of the major
components of a computer.

I can distinguish between digital and analog
representations.

100 50 0 50 100
Prozent

Fig. 1. self-assessment of students in pretest (n = 424)

In the posttest, matching was established for 231 participants based on the
individual participant code. According to the Mann-Whitney U test, the answers
of the participants for whom this matching was possible did not differ signifi-
cantly at a significance level of α = 0.05 in both the pretest and the posttest
(in all questions except the one about the importance of data and data analyses
for own subjects) from those for whom no matching was available. Therefore, it

2 Due to the absence of a normal distribution, non-parametric test procedures were
used consistently.
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can be assumed that the results are sufficiently representative. In Table 2, the
respective medians, the p-value of the Wilcoxon signed-rank test (H0: No or
negative trial effect)3 and the correlation coefficient r4 are used as a measure of
effect size.

Table 2. Self-assessment of competencies (n = 231, Likert scale from 1 (does not
apply) to 7 (applies completely)).

Statement med pre med post Wilcoxon-Test r

I can explain how computers store
data in 0 and 1

2 6 p < 0, 001∗ 0, 67

I can assess the impact of algorithms
on my subject

2 5 p < 0, 001∗ 0, 66

I can assess the importance of data
and data analysis for my subjects

4 6 p < 0, 001∗ 0, 62

I can use simulations in the
classroom

4 6 p < 0, 001∗ 0, 59

I can create simulations for
classroom use on my own

3 5 p < 0, 001∗ 0, 61

I can analyze data from my subject
and discuss its significance in the
classroom

5 6 p < 0, 001∗ 0, 52

I can describe the function of the
major components of a computer

4 6 p < 0, 001∗ 0, 54

I can create simple programs for
classroom use

3 6 p < 0, 001∗ 0, 63

I can distinguish between digital and
analog representations

6 7 p < 0, 001∗ 0, 38

Total 3.66 5.78 p < 0, 001∗ 0, 69

The results in the pre-post comparison show a significant increase for the
self-assessment of competencies – in all sub-questions as well as overall. The
effect sizes are strong in almost all cases.

3 Significant test results to a significance level of α = 0.05 are indicated by a ∗.
4 The correlation coefficient r is defined as r = z√

n
, where z indicates the standard-

ized test statistic of the Wilcoxon signed-rank test and n indicates the sample size.
According to [17], r = 0.10 and above is considered a weak effect, r = 0.30 and
above is considered a medium effect, and r = 0.50 and above is considered a strong
effect.
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5 Discussion and Conclusion

Anchoring computer science foundations in general teacher education is a central
task in the context of digital education. Our results confirm the assumption that
high heterogeneity and low prior experience of students in particular have to be
taken into account for the design of appropriate course offerings. Furthermore,
we found no significant influence of prior K-12 computer science education.

A notable observation of the implementation was that the digital transfor-
mation in the students’ view was initially almost exclusively related to media
use. Within the course, the consequences of the digital transformation for every-
day life and the subjects and scientific disciplines were emphasized. As can be
seen from the feedback, the students were thus able to better understand phe-
nomena or topics that are gaining relevance in their subjects in the course of
the digital transformation after the course. Therefore, the modules create the
necessary basis for discussing the effects of digital change in their subjects. We
see the consistent transfer of interdisciplinary computer science education to a
contextualized view in relation to the subject studied as a central criterion for
success. However, programming remains a particular but rewarding challenge for
students. Here, we have learned that – especially in online environments – intense
scaffolding is necessary. Furthermore, appropriate contextualization is central to
clarify relevance and thus contribute to motivation, so that most students could
say of themselves, not without pride: “I have programmed for the first time”.

The students’ interest in computer science also increased slightly during the
course of the study program. Such an increase cannot be taken for granted. For
example, [6] finds that prospective teachers’ interest in computer science did not
change as a result of their corresponding course offerings, and [18] concludes that
interest in computer science actually declined slightly in an after-school learn-
ing lab regardless of the module, with older visitors’ interest actually declining
slightly more in comparison.

In summary, it can be seen that not only can foundations of computer science
be prepared in an appropriately accessible way for students of all subjects and
school types, but that students were also able to recognize the meaningfulness or
necessity of these computer science concepts and that their confidence in their
competencies for teaching in the digital world could be strengthened. A strong
contextualization in the respective subjects, intensive scaffolding, the promo-
tion of communication and collaboration, playful approaches, and the use of the
“pedagogical double-decker” proved to be particularly successful in the design.
The results thus provide promising guidelines for the development of computer
science courses for general teacher education that prepare future teachers for
teaching in the digital world.
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