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Preface 

The local proceedings contain papers and poster descriptions for presented posters at the 

17th International Conference on Informatics in Schools: Situation, Evolution and Per-

spectives (ISSEP 2024). The conference was held at the Eötvös Loránd University, Facul-

ty of Informatics in Hungary, Budapest, from October 28-30. This Preface and the follow-

ing Organization section are closely similar to the one published in the Springer proceed-

ings (Lecture Notes in Computer Science, vol. 15228, doi: 10.1007/ 978-3-031-73474-8 

978-3-031-73473-1), they complement the proceedings published by Springer and provide 

a broader overview of the conference’s topics. 

ISSEP is a significant platform for researchers, educators, and practitioners in primary 

and secondary school informatics education. This conference offers a unique opportunity 

for the exchange of ideas and the development of innovative approaches to teaching and 

learning in the field of informatics. The conference has expanded and progressed since its 

launch in 2005 in Klagenfurt, Austria, continuing to gather professionals in cities like 

Vilnius (2006), Torun (2008), Zürich (2010), Bratislava (2011), Oldenburg (2013), Istan-

bul (2014), Ljubljana (2015), Münster (2016), Helsinki (2017), St. Petersburg (2018), 

Larnaca (2019), Tallinn (2020), Nijmegen (2021), Vienna (2022), and Lausanne (2023). 

Each conference has contributed to the development of the field of informatics education. 

A Doctoral Consortium was held the day before the main conference, as was success-

fully done in Lausanne and Vienna in the past 2 years to support young researchers. On 

October 27, 2024, several doctoral students presented and discussed their research result-

ing in building relationships, getting constructive feedback from peers and researchers, 

and enriching their work with new perspectives. 

On the first day of the event, local teachers participated in practical workshops and lec-

tures as part of ISSEP-INFOÉRA teachers’ conference day. This initiative fosters closer 

interaction between teachers and researchers, ensuring classroom relevance and providing 

teachers with insights into the latest developments in the field.  

The ISSEP 2024 Program Committee received 42 paper submissions, each was blind 

reviewed by 3-5 members of the committee. 14 full papers were included in the confer-

ence publication this year corresponding to a 33% acceptance rate, and 10 more were se-

lected for the local proceedings. The entire submission, review, and selection process was 

done using the EasyChair conference management system. 

We wish to express our deep gratitude to the members of the Program Committee for 

the work they have done in reviewing the submissions and providing feedback to the au-

thors. We would like to thank the authors for their high-quality submissions and our col-

leagues and the local organizing committee for managing the logistics of the physical con-

ference. We would also like to thank Dorottya Vincze for creating the conference design 

and website. Finally, we thank our partners and sponsors for their generous contributions: 



EPAM, the John von Neumann Computer Society, the Webdidaktika foundation and our 

institution, the Eötvös Loránd University. 

October 2024 

Bence Gaál 

Noémi Bernadett Agócs
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Extending the concept of MOOCs for school
classrooms

Leon Frischauf[0000−0001−7817−7883]

TU Wien, Institute of Information Systems Engineering, Vienna, Austria
leon.frischauf@tuwien.ac.at

Abstract. MOOCs (massive open online courses) enable students to
study at their own pace, accessing high-quality education regardless of
location or financial constraints. They offer flexibility to balance educa-
tion with other commitments while integrating interactive elements and
diverse learning resources.
However, the focus often solely lies on the student’s perspective, neglect-
ing the role of teachers in the learning process. Students independently
”learn” without teachers having the opportunity to intervene or monitor
their progress. This renders MOOCs often impractical in conventional
classroom settings (indicating that they are not widely used in Austrian
or German K-12 classrooms). Previous research has acknowledged this
issue and frequently suggests theoretical solutions but has not offered a
practical solution yet.
To bridge this gap, this paper proposes a solution that combines the
benefits of MOOCs with the advantages of traditional schoolbooks, aim-
ing to create a learning environment that incorporates the best of both
worlds. This solution was developed through a comprehensive literature
survey, which explored the potential applications of MOOCs in classroom
settings and identified currently missing features.
The identified use cases were then mapped to specific features and com-
pared with standard MOOC offerings, forming the foundation of the
proposed solution.

Keywords: MOOCs · digital schoolbooks · digital teaching
MOOC supported digital teaching

1 Introduction

Schools are integrating more and more digital platforms into their lessons, rang-
ing from quiz apps to interactive simulations. The variety of available digital
tools is vast, making platforms that give an overview of all the possibilities es-
sential (see [5]).

While it’s great to see digital devices have finally made their way into the
classroom, there is often a lack of a holistic strategy for integrating these tools
effectively. Teachers and students frequently register on numerous platforms,
leading to confusion about which tools to use and when. Additionally, the sheer
number of available tools can obscure their pedagogical value. Teachers must
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invest significant time in evaluating and selecting appropriate tools for their
students.

As universities have encountered similar challenges, they have developed a
partial solution through the creation of MOOCs (Massive Open Online Courses).
These courses, designed by experts, integrate various elements like videos and
interactive assets, all vetted by the course creators. This ensures that users can
rely on the MOOC’s quality and use it as a holistic teaching resource.

However, MOOCs cannot be really well integrated into school classrooms for
several reasons. They often lack features essential for classroom teaching - such
as tools for fostering teacher-student relationships and effective communication
between students and teachers ([1] and [7]).

This paper aims to address this gap by proposing a set of user scenarios that
school-focused MOOCs need to support (partly based on a literature review).

2 The role of MOOCs in different settings

The predominant form of MOOCs today are content-focused xMOOCs, which al-
low massive participation and often free access to high-quality education. Cours-
era, edX, or OpenLearning are three prominent examples of such platforms (see
[1]). However, they often lack ”social learning or interaction,” diverging from
the original connectivist ethos of MOOCs (see [2, p.427]). Due to the large num-
ber of participants, it is merely not possible to foster student-teacher relations,
as ”two or three teachers cannot be expected to meet the learning demands of
hundreds and even thousands of participants” [1, p. 70]. While this is less of a
problem in universities due to the greater independence of the students, it poses
a significant challenge in a school setting. Even in the university setting, dropout
rates range from 75% to 95% - for non-obligatory courses in a school setting,
this would even be higher.

Typical teacher-student interactions in a university setting MOOC have been
examined by [4], who list various learning scenarios involving MOOCs in class-
room settings. For example, they describe a blended MOOC, which incorporates
the blended learning approach, and a flipped MOOC, which includes the ”flipped
classroom” concept.

The challenge with classroom teaching is that, to keep students motivated,
teaching methods need to be flexible and adapted to the topic taught.

According to [7], most MOOC platforms perform well when looking at learner-
system interactivity and learner-content interactivity. This is especially impor-
tant in university-style learning. However, they lack when it comes to learner-
learner and learner-instructor interactions. These interactions are key when it
comes to incorporating a MOOC into a classroom setting. This statement is also
further validated by a statement in [1]: David Chernoff, a professor who taught
Cornell University’s first MOOC on the edX platform, stated that MOOC plat-
forms lack sufficient technological tools for synchronous and immediate interac-
tion. They do not support face-to-face interaction between teachers and students,
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and there is also a lack of timely feedback on course activities.

3 Which user scenarios are important to digitize today’s
school classrooms?

Today’s digital platforms typically focus on digitizing specific elements, such as
the process of completing homework online (user scenario), rather than replacing
traditional textbooks entirely (what a MOOC would do). Consequently, teach-
ers see the advantages of integrating these systems with conventional teaching
methods instead of completely changing the traditional setup.

[12] confirms this hypothesis and states that, e.g., the use of digital tech-
nologies has been heavily focused on their application in exams. This would be
one use case of such an asynchronous system (LMS), which, e.g., allows collect-
ing homework or automatically correcting revisions. In parallel, teachers need a
synchronous communication system for student-teacher communication.

In order to be able to introduce fully digital systems to classrooms, one has
to look at the current status quo - which platforms with which features are used
in today’s classrooms.

[5] has analyzed different platforms frequently being used in Austrian class-
rooms. The following user scenarios (US) could be identified.

– US1: Student process becomes visible for the teacher: The teacher
gets information about the solving process of the students. This includes,
e.g., which examples a student solves, whether he has solved the example
correctly or not, and details about the solution of the student. Some plat-
forms even allow the upload of the students’ full handwritten solutions. There
has to be an easy way for teachers to look into student’s solutions. One pos-
sible way is to list all the student’s solutions aggregated on an example level.
Then, the teacher will see the specific examples and the students’ solutions
connected with them.

– US2: Student’s process is analyzed on competency level (like in
the curriculum): Student performance shall be evaluated based on com-
petency levels as outlined in the curriculum. Modern curricula are often
competency-based, and standardized tests such as the iKM Plus [3, p.83-
100] and the Austrian final exams are also structured around a framework
of competencies. In 2018/19, the Austrian information technology curricu-
lum was updated to align with this approach, now describing its goals as
competencies [9].
Consequently, the presentation of a student’s strengths and weaknesses should
align with the competency structure defined by the curriculum.

– US3: Adaptive algorithm that adapts to the strengths and weak-
nesses of the students. Modern (and leading) platforms do not show each
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student the same content or examples but base this on competence infor-
mation. [8] proposes an adaptive algorithm that selects content for learners
after a pre-test. This ensures students receive material that matches their
skill level, avoiding too difficult tasks. By applying theories like Ausubel’s
Meaningful Learning Theory, the algorithm optimizes the selection of exam-
ples to enhance learning outcomes.

– US4: Organizational features such as class management, electronic
class registers, etc. Students shall be able to focus on learning - and
teachers, therefore, not on organizational tasks. The platform, therefore,
has to be easy to use and fit into existing communication systems such
as Microsoft Teams or Google Classroom (e.g., speak with their API). The
platform shall support standards such as LTI to export the results to another
platform.

Additionally, authors of [6] have examined these scenarios more from a user-
centric perspective for a platform often used in Austrian classrooms. Figure 1
illustrates the relative importance of different scenarios.

Fig. 1. Importance of different features for teachers [6]

[5] and [6] continue stating the importance of time-saving features for teachers
and the benefits they provide to students. Teachers shall not have additional
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efforts when introducing such tools into the classroom. Also, in order to be
widely used, digital tools have to adapt to existing teaching methods.

4 Future vision

4.1 Extending the concept of MOOCs to be integrated into a
classroom setting

From the previous chapter, one sees that the tools are used in addition to tra-
ditional teaching methods, but not as a replacement of them. In schools, this
means that the conventional textbook remains the primary learning resource.

In contrast, university learning has already begun to integrate digital ele-
ments more extensively. Some courses are held entirely online.

[11] describes various learning settings for MOOC participants in learner-
instructor environments. They discuss behaviors such as watching instructional
videos, submitting homework and tests, and interacting in discussion forums.

While these points are all valid, simply integrating a traditional MOOC into
a classroom setting will not work out. The lesson design in universities differs
significantly from that in schools - therefore another approach is needed.

This claim was also validated by [10, p.850]. In this paper, a typical classroom
setting (traditional face-to-face) was compared with a MOOC, and students were
asked about what they experienced with each of the two scenarios. Significant
differences were observed in terms of help-seeking abilities between the two sce-
narios.

The authors suggest that MOOC providers shall ”explicitly scaffold students’
learning.” The authors continue by suggesting that future MOOC courses should
focus on highlighting help-seeking avenues and improving the quality of the
feedback from instructors and peers as they work on problem-solving. Addressing
help seeking at the student or course platform level might help high school
students to transition from face-to-face to MOOC computer science courses,
thus allowing a more significant number of students in more diverse settings to
pursue computer science. ”.

This is precisely the direction in which the following user scenarios go.

4.2 User scenarios

This paragraph will conceptually discuss the various elements required for ex-
tending the concept of MOOCs for a classroom settings. It will consider the tran-
sition process, including incorporating features from existing tools and aligning
them with traditional learning scenarios. Note that some concepts of MOOCs
does not translate 100 % into classroom settings (such as the ”openness con-
cept”).
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As a teacher, I want to present specific parts of the MOOC to my
students. In a teacher variant, the larger screen shall support the teaching in
the classroom. One could highlight interactive elements breaking the concept of
teacher-centred instruction. There shall be a special version optimized for the
larger screen (e.g. showing interactive simulations).

As a teacher, I want to send my students to a specific position on the
MOOC. The students can be provided with jump marks that signal to them
that special attention is required at this point or that specific material is now
available (see Figure 2). This solves the problem that if the teacher wants to
discuss a specific topic, the students no longer have to navigate to the specific
page but get a notification directly inside the MOOC. A specifically important
aspect is the granularity of this approach, as the students would still need to
scroll to the specific element otherwise. Therefore, the teacher should be able to
set jump marks for an interactive asset, videos, text elements, etc.

As a teacher, I want to add my own content to the MOOC or want
to modify existing content. Teachers should be able to modify the MOOC
structure to make the MOOC their own. The same is done today with school-
books, where teachers only cover parts of the curriculum and not everything.
Consequently, teachers should be able to:

– hides certain elements of the MOOC if they prefer alternative explanations.
Although these hidden elements will not be visible to students, they will be
marked with a symbol indicating their availability, maintaining the integrity
of the original content. This feature ensures that students still have access to
the entire content if needed while allowing teachers to modify the workflow
without disrupting the curriculum designed by the original author.

– add their own elements to the MOOC: they should have the freedom to add
their own content to the MOOC. These additions should be clearly distin-
guished from the original content, for instance, by being labeled as teacher-
created elements. This shall allow them to add their own texts, videos, and
problems. Intriguingly, teachers often use text elements not only for theo-
retical material but also for providing instructions or work orders. To ac-
commodate this, there should be a ”draft state” option, indicating that a
specific element is only visible to the teacher and not the students.

When students solve exercises inside the MOOC, I wish to get imme-
diate feedback. Whenever students solve exercises inside the MOOC, informa-
tion about the progress of these exercises needs to be available to the teacher.
The teacher should be able to see which students have weaknesses and help
those. Each chapter should be aligned with specific competencies outlined in
the curriculum, and student’s progress should be tracked in real time. This way,
teachers can see where students stand in relation to these competencies at any
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given moment. The exercises students complete should contribute to an overall
competency score, which updates dynamically.

Teachers should have a live dashboard displaying these scores, allowing them
to promptly identify and support students facing difficulties. This is crucial be-
cause students frequently do not proactively inform their teachers about any
misunderstandings.

As a teacher, I want to select specific examples from a MOOC as
homework for my students. There is a necessity for teachers to mark specific
elements to be completed at home. This element is completely absent e.g. from
xMOOCs as students are learning at their own pace. While this has apparent
advantages for non-obligatory subjects, this is not the case in a school setting.

Additional features.

– Own notes: Students and teachers can add their own notes to each chapter.
These notes can be shared with their teacher to indicate, e.g., something
they did not understand when learning it at home.

– Continue where left: When exiting from the MOOC, an invisible progress
marker is automatically set (for the teacher and pupils) to enable re-entry
at the same point. If the jump marker is somewhere else, there is a prompt
at the top to jump to the teacher’s position.

5 Future steps and outlook

As a next step, the goal is to create a MOOC platform prototype that fulfills
the requirements listed in the fourth chapter. For this development process, we
will build the platform, starting with the content.

Finally, we will conduct a mixed-methods pilot application, involving both
qualitative and quantitative studies with students and teachers. Initial results
are very promising (to be published in a future paper), indicating that students
enjoy working with the digitized version. The interactivity of the platform is
particularly advantageous when compared to traditional schoolbooks.
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Abstract. The importance of discipline-specific language learning in all
subjects is now widely recognized. The fact that computer science has
been and is being introduced as a compulsory subject for all students
of all types of schools in many places makes it even more important to
take the linguistic heterogeneity of the student population into account
when teaching computer science. Various core curricula, including for
computer science, therefore stipulate that language education and mul-
tilingualism must be taken into account. In order to prepare prospective
computer science teachers for this task, we have developed a course on
this topic in our master’s degree program. This course enables students
to identify linguistic challenges in computer science lessons and to im-
plement language education approaches in their class, with a particular
focus on developing writing and reading skills. The course has been suc-
cessfully offered several times in recent years. This article describes the
design of the course, initial experiences and resulting further integration
of the topic into our study program.
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1 Introduction

In recent decades, it has been recognized that, in addition to general language
skills, discipline-specific language proficiency is a key factor for academic suc-
cess in all subjects. Although the importance of taking different language back-
grounds into account for educational equity already existed, migration and flight
have increased public interest in the topic in recent years, as well as the urgency.

As computer science (CS) develops from an elective subject for interested
students, often with prior knowledge, to a compulsory subject for everyone, fu-
ture teachers need to be even better qualified to deal with linguistic heterogene-
ity. Digital literacy and language skills are interdependent and influential key
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skills for participation in today’s society [8]. To address this problem, the cur-
ricula of various school subjects, including CS, provide for the consideration of
language education and multilingualism, but subject-specific professionalization
of prospective teachers for this task is not offered for all subjects during their
studies. For this reason, we have developed and implemented a course for CS
student teachers in the master’s program to prepare them on how to recognize
the linguistic challenges of CS teaching and apply language-sensitive concepts
to overcome them, with the aim of giving their learners the necessary language
skills for success in CS.

In the context of this paper, language proficiency refers to the ability to
use natural language in written and oral form to describe, explain or discuss
subject content. Unless explicitly stated otherwise, this does not refer to formal
or programming languages or other artificial domain-specific languages in the
narrower sense.

The rest of the paper is structured as follows. In section 2, we provide the the-
oretical background of this work, justify the need for language-sensitive teaching
of subjects and discuss preliminary work in the context of CS education (CSE).
In section 3, we describe the curricular integration of the developed course and
in section 4 its structure and selected content. In section 5, we report first experi-
ences running the course and in section 6, we briefly describe further integration
of the topic into our study program. The paper ends with conclusions and out-
look in section 7.

2 Theoretical Background

2.1 Language Education and Educational Inequality

Teaching in heterogeneous groups, also with regard to language proficiency, is
part of every teacher’s daily business in many parts of the world (including
the Ruhr area in Germany, where the university of the authors of this work
is located). Beginning with addressing students who speak German as a sec-
ond language (in German: DaZ – Deutsch als Zweitsprache), language peda-
gogy research has long called for language-sensitive [18] or academic-language-
promoting [11] design of subject lessons in order to overcome known educational
inequalities between students with migration backgrounds and so-called mono-
lingual German-speaking students, as regularly shown by studies such as TIMSS1

and PISA2. In addition to the goal of creating a better learning environment for
students who speak German as a second language, there is now a consensus that
language-sensitive subject teaching is beneficial to learning for all students [20].

Language support in all subjects, including first language support for sec-
ond language learners, is essential for educational success [10, 29]. If learners’
language practice is not sufficiently taken into account, this can result in avoid-
able disadvantages for all students who did not already practice the required
educational language outside school [5, 15].

1 https://timssandpirls.bc.edu/
2 https://www.oecd.org/pisa/

https://timssandpirls.bc.edu/
https://www.oecd.org/pisa/
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The language style required at school and later in educational and academic
contexts is usually referred to as CALP (Cognitive Academic Language Profi-
ciency) [6] and is to be distinguished from the language used in private contexts,
which is referred to as BICS (Basic Interpersonal Communication Skills). CALP
often only develops if it is explicitly learned by students, as they do not auto-
matically acquire it from everyday language skills [8]. Teachers need to explicitly
address this in class and need to be trained to do so.

The need for uniform and consistent teaching of discipline-specific language
in subject lessons is now widely accepted not only in science, but also at the
political and administrative level and has found its way into guidelines and
specifications, for example through core curricula for schools.

Most current curricula in North Rhine-Westphalia (NRW) - including that
for the compulsory elective subject of CS in grades 9 and 10 [19, p. 8] - explicitly
stipulate the consideration of language-sensitive subject teaching, consistent lan-
guage education and the inclusion of multilingualism, which results in the need
to qualify (prospective) teachers for this task. For other STEM subjects, espe-
cially – but not only – mathematics, it has been explicitly shown that language
skills also have a considerable influence on educational success in the subject in
Germany [14, 21] and there are already subject-specific pedagogic concepts for
language learning [3, 28] as well as concepts for teacher training [24].

2.2 Research on Language Learning in CS

Teacher training in CS cannot yet draw on such extensive preliminary work.
However, it can draw on internationally established concepts for all subjects,
such as scaffolding [10] or the genre-based approach [22], which have already
been adapted for the German language [13, 16], and apply them to CS lessons,
while also benefiting from preliminary work in related subjects.

Nevertheless, the linguistic requirements of CS lessons and suitable concepts
for teaching them still need to be systematically developed and evaluated. In
NRW, this need is reinforced by the recent introduction of CS as a compulsory
subject in all secondary schools in grades 5 and 6. A compulsory subject leads to a
significantly more heterogeneous student body than an elective subject, because
such a subject is often chosen by students who are particularly interested or have
previous knowledge.

So far, there are only a few publications on language education or (natural)
language in general in CS lessons, most of them focusing on very specific aspects.
In the following, we briefly describe those works that have been regarded to be
relevant for our work.

Diethelm et al. [8] provide the most comprehensive presentation of the funda-
mental necessity of language education in CS classrooms, including the identifi-
cation of concrete linguistic challenges and possible solutions. The authors high-
light that CS (like every subject) “has its own, additional, variety of language,
consisting of a specific terminology, specific frequent syntactic constructions,
specific semantic conventions and specific communicative routines” [8, p. 210].
On a terminological level, the authors identify multiple meanings of terms in
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everyday and professional contexts. In particular, they point out that the use of
English terms in a non-English-speaking environment can also have advantages,
as it is easier to identify them as subject-specific terminology. They also dis-
cuss the importance and opportunities of metaphors, but at the same time point
out the particular linguistic challenges and risks of developing misconceptions.
Central recommendations include enabling meta-discourses in class about the
meaning of terms, phrases and metaphors in everyday and professional contexts,
empowering prospective teachers to formulate explanations in different ways but
establishing consensus among teachers and schools on the meaning of terms.

The role of metaphors is also discussed by Saathoff et al. [23], who analyze
interviews with 23 students to determine which analogies or metaphors they
know and use to understand and explain CS concepts. Lampe and Diethelm
[17] analyze a transcript of a 10th grade lesson aimed at teaching terms and
concepts of data encapsulation and visibility in the context of object-oriented
programming (OOP). Among other things, this reveals the teacher’s sometimes
contradictory use of terms, who is therefore rather unsuitable as a language
model, the very low proportion of students’ speech and the almost complete
lack of students’ own use of CS terminology. Batur and Strobl [2] emphasize the
importance of text work which increases in higher grades. They demonstrate the
application of a genre-based approach to writing in subject lessons using the
example of describing class diagrams.

Sentance andWaite [26] focus on oral communication in programming lessons,
analyzing the teachers’ perspective on the basis of 20 interviews. Among other
things, the study examines how teachers use student-teacher dialogues between
students and with the teacher as well as explanations in the context of a PRIMM
programming lesson. Even though the interviewees do not explicitly address how
the students acquire the language skills needed for the discourse of the content,
some conclusions can also be drawn with regard to language learning. The au-
thors “have noted that teachers report that students do not find it easy to explain
how a program works, or to use a range of linguistic tools to verbalise their rea-
soning. Programming teachers are not generally trained to facilitate productive
dialogue in our experience. Furthermore, many teachers in our study reported
delivering whole-class explanations rather than focusing on the ways in which
learners could improve their own explanations, [...]” [26, p. 278]. Most authors
state that further research is needed on language education in CS lessons and
that there is also a need for teacher training and continuing professional devel-
opment.

3 Teacher Training Program and Language Learning

Teachers for elementary and secondary schools are trained at our university in
NRW. Upon completion of a six-semester bachelor’s degree, and a four-semester
master’s program, candidates undergo an 18-month preparatory service (teacher
traineeship, in German: Referendariat). The university program requires stu-
dents to combine two subjects as well as mandatory studies in educational
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sciences, which encompass pedagogy and psychology. Furthermore, practical
training is an integral component of the curriculum, which includes a practi-
cal semester at a school (in German: Praxissemester) in the second semester of
the master’s program. To complete the degrees, students must write a bachelor
and a master thesis.

In NRW, all student teachers must take courses focusing on German for
learners with a migration background (in German: Deutsch für Schülerinnen
und Schüler mit Zuwanderungsgeschichte (DSSZ module)) with at least 6 credit
points (CP = ECTS credit) to acquire basic skills for working in linguistically
heterogeneous classes and to show them ways of teaching in a language-sensitive
way. Evaluations show that these courses arouse interest and raise awareness of
the topic, but they can only impart basic knowledge [7]. In particular, students
would like to see subject-specific training on the topic of language learning of-
fered in their subject departments [9]. Authors from other federal states [12] also
argue in favor of an integrated model in which language learning is offered in
the subjects. Corresponding courses already existed in some subjects and also
students who have acquired the relevant skills by choosing relevant courses and
topics for examinations. However, this was not always visible in the final cer-
tificate. To systematize the range of courses and certify the qualification, an
additional certificate for language learning (ZuS, in more detail in [27]) has been
implemented at our university. In order to successfully complete it, courses with
a focus on language education, migration and multilingualism must be taken
within the regular course of study in the educational sciences (area B) and in
the subjects (area C) or thematically relevant final theses must be written. In
addition, relevant courses must be chosen to accompany the practical phases
(area D). The basic idea of ZuS is to initiate the development of a profile of
skills in the field of language education and multilingualism by using the avail-
able options in the normal course of study and to document a corresponding
focus. Only one additional language course (area A) in a previously unlearned
language and the final examination must always be completed on-top.3

The CS teacher education program includes both subject-specific and subject-
pedagogical modules. Pedagogical modules focus on techniques, methods and ap-
proaches for designing teaching-learning situations in CSE as well as on scientific
findings on teaching and learning within the field. The bachelor’s degree program
focuses on subject-specific content for all CS students. Additional courses can
be chosen in the master’s degree program. The first subject-pedagogical course
is located in the 5th and 6th bachelor semesters. In the mandatory subject-
pedagogical master course, subject-related pedagogical topics are further ex-
panded upon. In addition to a subject-specific course accompanying the intern-
ship semester at school (2nd master semester), students can take various subject-
pedagogical elective courses. The course “Language Education in CS Classes”
described in the following section is one of the options and can also be credited
towards area C of ZuS.

3 Translation of a visualization of the structure of ZuS and its areas in Appendix A.
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4 The Course: Language Education in CS Classes

4.1 General Structure of the Course

The aim of the course is to teach the subject-specific implementation of language
education, which is regarded as a necessary supplement to the foundational DSSZ
module (see 3). It enables prospective teachers to plan, teach and reflect on the
language of instruction and to take on their role as language role models. This
task arises not only but also from recent core curricula (see 2.1) and CSE-related
publications on language education emphasize the need for teacher professional
development on this topic (see 2.2). The one-semester course is regularly held
with two hours per week in presence. It is supported by a Moodle course in which
course material, literature and tasks are provided and through which students
regularly submit their work (e.g., application of learned concepts, analyses of
materials) during the semester. For examination, the results of the semester
tasks and reflections on them are summarized in a portfolio, whereby a self-
selected focus topic is further deepened and developed. The students present
this focus individually at a colloquium at the end of the semester.

4.2 Exemplary Topics of the Course

The central goals of the course are to create an awareness of the linguistic chal-
lenges of the subject, knowledge of concrete linguistic peculiarities of the tech-
nical language, an understanding of conceptual spoken and written language as
well as knowledge of strategies for the development of conceptual written lan-
guage, the handling of texts and types of texts as well as the systematic and
gradual development of the writing and reading skills that their future students
need, for example to be able to deal with complex texts in final exams.

A central approach in the course is that the students first experience or
recognize the essential aspects themselves through discovery or research-based
learning before they receive theoretical input and application tasks based on it.

Writing and reflecting subject-specific texts in a foreign language. The
course usually starts with a surprising writing exercise using a foreign language
learned at school – in Germany in most cases English. In this task, explanatory
or argumentative texts should be used, whereby these should pose a certain
challenge both on a technical and linguistic level. For instance, the task could be
to explain asymmetric encryption in a way that is understandable to a general
audience and to justify why encryption is important. This task can be performed
on the basis of non-verbal algorithm visualisations such as IDEA4. After having
written the text, the students reflect on and discuss which aspects of writing the
text were particularly difficult and what linguistic support would have helped.

It is desirable that the students realize that the obvious technical terms are
not the major issue. In a variant of this task, the central technical terms can

4 https://idea-instructions.com/

https://idea-instructions.com/


Professionalization for Developing Discipline-Specific Language Proficiency 17

also be given in the foreign language. However, if English is the target language
of the task, then this is more relevant in other subjects than in CS, as many
English-language technical terms of the CS field are also used in everyday lan-
guage. Challenges that are often identified in addition to technical terms are
how to get into the writing process, how to structure it, how to connect certain
steps, sections or events linguistically, the challenge of simultaneously recogniz-
ing, thinking through and verbalizing technical aspects in the illustration.

Analyzing School Books. In order to gain a broader overview of the lan-
guage challenges and linguistic peculiarities of the subject of CS, students ana-
lyze authentic textbook passages. Central questions are whether and how new
vocabulary is introduced, which grammatical structures occur frequently, what
function they have and whether this becomes visible, which types of texts (gen-
res) have to be read, how the texts are linked and which reference structures
exist within and between the texts, whereby so-called discontinuous texts such
as tables, diagrams and CS-specific presentations should also be included.

With regard to the tasks within the books, it should be examined to what
extent it is clear what results should be produced in what form, whether and
what kind of texts should be written and whether there are model texts for
this purpose that can be used as a starting point. Each participant works on a
different textbook and presents the results in plenary, which are then discussed.
This gives all students a broad insight.

Conceptual Written and Oral Communication. An important aspect of
language education is the development of conceptually written communication
skills, which is a literal translation of the German term “Konzeptuelle Schrift-
lichtkeit” and which is closely related to the term CALP commonly used in
English-speaking countries. Important characteristics of such communication are
the independence from a temporal or spatial context, an abstraction from a
concrete situation and the use of monologue and impersonal expressions.

CS Unplugged. A great way to discuss this issue in the context of CS is in
an experimental way using CS Unplugged [4]. We combine a CS Unplugged
activity on sorting algorithms5 with clear communicative roles and language
observation [24, p. 46]. The students are provided with a number of identically
looking but differently weighted objects (e.g., film cans) and a mechanical scale
that can only compare weights but not determine them absolutely. Students
then have to put the objects in the correct order according to their weight.
Two or three students discuss the procedure and instruct a student to carry
it out exactly. This student does not take part in the discussion. One or two
other students record the spoken word verbatim. This can be supported by
audio recording. In a variant of the task for larger groups, the students, who
decide what to do, are not in the same room but are connected to the student

5 https://classic.csunplugged.org/activities/sorting-algorithms/

https://classic.csunplugged.org/activities/sorting-algorithms/
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carrying out the task by telephone or even just by text chat. If there are not
enough people present, a subsequent task can be a thought experiment on how
communication would have changed as a result. To reflect on the task and the
communication used, students are asked to identify the search algorithm used
and to find a description of it that is as generic as possible. In some cases,
the students were unable to find a generally valid, objective description and
considered a description generated using generative AI to be more suitable. This
description is now compared to the transcripts created. Statements are arranged
on a spectrum from verbal - concrete - context-bound such as “put it there” or
“if it is lighter, it goes to the left” to written - abstract - context-independent
such as “if the element is lighter than the pivot element, it is sorted into the first
row”. This scheme is inspired by Kniffka and Neuer [16, p. 46], who demonstrate
this for the introduction to magnetism experimenting with compasses. Finally,
the students create small tasks in order to reach the next more abstract written
expression.

CS Taboo. Another variant is to use the CS version of the game Taboo. Here,
several pairs compete against each other, with the aim of explaining as many
terms as possible to their partner in a given time, whereby the use of usually
four other related terms is prohibited (taboo). Language observation is also used
here. The task is well suited to sensitizing students to how difficult it is to explain
terms in a clear way. It is also noticeable how few missing words are enough to
make communication very difficult. When analyzing the transcripts, it is often
apparent that the students initially use definitions that are as correct as possible,
but later refer to shared experiences (“we did this in the exercise in the second
semester”) or socio-cultural knowledge.

Linguistic Characteristics and Challenges in CS Lessons. Based on the
tasks and activities described above, the students then develop an overview of
the linguistic peculiarities and challenges of language in CS lessons. The aim is to
identify the challenges at word, sentence and text level. They are supported by
comparable overviews from other subjects, which they can use to check whether
comparable phenomena also exist in CS, if these have not been found already in
their own considerations.

It is noticeable here that in the jargon of CS, even at school level, a number
of difficulties have to be overcome that cannot be found in any other subject. In
the case of identifiers in source code, rules such as the capitalization of nouns in
German are set aside. In addition, there are conventions on capitalization that
should be observed but do not lead to incorrectness if they are not observed,
such as camel-case syntax in Java. Furthermore, the semantics of identifiers
have no effect and can theoretically be completely meaningless as long as they
are consistent. In extreme cases, the name of a thing can be the opposite of what
it is, for example a hero class can be the superclass of a superhero class.

So called “false friends”, which refers to words or phrases that are familiar
from everyday life but have a different or more precise meaning in the subject,
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play a particularly important role in CS. Examples have also been found where
the meaning known from the CS context is the more common one and a sup-
posedly simple real-life example can lead to comprehension difficulties. In one
book, for example, databases are introduced using the example of containers
in a port, where the text contains the following segment - literally translated:
“containers will be deleted”. What this actually means is that sea containers
are unloaded (the German translation for “to delete” is “löschen”, which in the
logistics context also has the less well-known meaning of “to unload”). When
analyzing natural language texts in the context of modeling, for example by us-
ing the Abbott Textual Analysis [1], several technical meanings from different
contexts may be necessary at the same time. For instance, when discussing the
text itself, attributes can be identified from a linguistic perspective, but these
are not necessarily attributes as defined in object-oriented modeling.

Reading and Writing in CS Lessons. By analyzing school-leaving exams,
the students realize that they are extremely text-heavy in CS. This allows them
to recognize that their future students need to be proficient in systematic reading
comprehension of texts. Similarly, writing of longer, coherent texts, as required
in exams, must be taught gradually and progressively over a long period of time.

In the course, students therefore learn approaches for the receptive and pro-
ductive use of different genres and apply these independently. The focus here is
on multi-step methods for reading and the genre-based approach to writing.

In the latter, the process of writing specific kinds of texts is always considered
in relation to the social context and certain roles (who writes for whom and for
what purpose). In addition, the starting point is not a blank page but a model
text, which is first deconstructed and further developed with teacher support
before the students write their own texts. The approach is quite similar to con-
cepts from CSE such as Use-Modify-Create and PRIMM. In order to develop
corresponding lesson plans, students must first develop model texts that are as
generic as possible. It is often noticeable that they first have to reach a consen-
sus on how a certain type of text is actually designed and what it must contain
- an absolute necessity in order to be able to communicate these requirements
transparently to their own students in the future.

5 First Experiences

Based on the course runs to date with usually no more than ten students, it
can be said that it has been successful in raising awareness of the topic among
students and providing them with tools to consider language in the classroom.
Students surveyed stated that they now have a different and much more conscious
view of language requirements and are aware of possible solutions or at least
know where and what approaches to look for. In addition, students expressed a
desire for ready-made teaching materials, which are yet available only to a limited
extend. Due to the large time gap to the foundational DSSZ module (see 3) in
the bachelor’s program on the one hand, but elective options in the other subject
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or in the educational sciences for language learning on the other, there is often a
very diverse level of prior knowledge at the beginning of the semester. Students,
who are already completing or have completed their teaching internships at
school, often have a special awareness of the need for language learning and can
also report on approaches implemented in their schools. Several students decided
to continue working on the topic in the remaining part of their studies. Among
other things, topics from CS were chosen as a project for the final examination
of the additional qualification (see 3), portfolio focuses were further elaborated
and published as research papers (e.g., [25]) or related theses were written.

6 Further Integration

As a result of the work in the field that had already been initiated, there was an
existing demand and opportunities arose to introduce and present this content
in other contexts. In a joint project with other universities, Open Educational
Resources (OER) materials are being developed for university teaching on a
range of CSE topics. Building on the existing preliminary work, a module on
language learning in CS classes is being developed. Some central content of the
course has also been integrated into our mandatory CS pedagogy course in the
master’s program (see 3), so that students become familiar with the aspects even
if the specialized elective course is not chosen. The broad interest in the topic is
also illustrated by the fact that we have been invited to present our work as part
of guest lectures, training courses and seminars and in administrative working
groups. This mainly took place in the context of teacher training in CS, but
we also had the opportunity to present the subject-specific implementation in
the context of interdisciplinary events on language pedagogy. We offer students
to write their theses in the field of CS and language learning. Several students
have already chosen to do so, either because they were motivated by the seminar
or because they were aware of this focus, and have gone on to write successful
theses in this area. In several cases, the subject of the work was the analysis and
comparison of textbooks. One notable master thesis developed a list of criteria
for evaluating materials for language sensitivity based on a review of literature
and an interview study with CS teachers.

7 Conclusion and Outlook

We have explained why subject-specific language education in CS is important,
how it has been integrated into the curriculum and implemented in practice at
our university, and how this has resulted in further offers. Yet research in this
area is still in its beginnings. Further research is needed to identify the linguistic
difficulties in CS teaching in the field and to establish a consensus on the exact
linguistic requirements. Developed approaches require systematic evaluation.

This applies in particular to compulsory CSE for all students, which has
recently been introduced in NRW. The resulting increase in the heterogeneity
of the student population is obvious. The heterogeneity of the teaching staff
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is also increasing as a result of meeting the growing demand, including from
lateral entrants, and makes teaching practice in the newly introduced subject an
important field of research, also with regard to the language of instruction.

Approaches to teaching programming languages and associated supporting
and scaffolding methods have a long tradition in CSE. The same is true for ques-
tions of dealing with abstraction, precision and context independence. This raises
research questions regarding how work from the CS field on learning program-
ming languages and associated scaffolding techniques can contribute to subject-
specific language learning approaches (and maybe even vice versa).

Finally, computational thinking and language skills are regarded as core and
cross-cutting skills for the digital age. Here, concepts are needed to make com-
putational thinking and its verbalization accessible to all.
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3. Beese, M., Kleinpaß, A., Krämer, S., Reschke, M., Rzeha, S., Wiethoff, M.: Prax-
ishandbuch Sprachbildung Biologie. Ernst Klett Sprachen, Stuttgart (2017)

4. Bell, T., Vahrenhold, J.: Cs unplugged—how is it used, and does it work? In:
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A Appendix A - Structure of the additional qualification
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Abstract. Understanding abstract concepts is a common challenge in
computer science. Immersive and interactive media such as virtual reality
(VR) have great potential to help learners with abstract concepts. How-
ever, the feasibility of VR is often questioned, especially when compared
to hands-on activities that facilitate direct interaction between learners
and abstract concepts.
This paper presents a study that compares the learning experience and
learning effect between a VR learning environment and an equivalent
physical tangible (TG) clone. The learning applications are designed to
help learners aged 13 to 15 gain a better understanding of the process
of routing in a home network. The educational design of the learning
application is detailed, explaining the process to ensure comparability
between the VR and TG versions. Tasks in a pre-post design and an
established flow scale are used for evaluation. The results are consistent
with recent research that is showing mediating effects of flow on learning
when comparing immersive media. The study shows similar flow and
learning effects in VR and TG due to the identical educational design.

Keywords: VR · Serious Games · Routing · Educational Design

1 Introduction

Informatics education includes many aspects of theoretical informatics, depend-
ing on national and international curricula [9][5]. Beginning in the early grades,
students are exposed to many abstract concepts, including automata, formal lan-
guages, networks, and logic. Since concepts that are inherently abstract benefit
from the use of analogies and metaphors [14], it is essential to explore ways to
design and use such analogies effectively. Two possibilities for interactive learning
with analogies and metaphors are virtual reality (VR) based serious games [17,
10] and tangible (TG) artifacts [18]. This study aims to contribute to a better
understanding of the relationship between learning effects, learning experiences,
and the potential of VR by comparing a VR learning environment with a TG
replica.
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The study addresses the concept of routing. The Informatics for All coalition
has defined 11 core topics for the development of informatics curricula in Europe
[5]. While these are not direct recommendations for curricula in specific age
groups, routing is covered by two of these core topics (Computing Systems and
Networks and Communications). This is in line with suggestions for computer
science curricula in Germany, for example, which include routing and networks
for secondary schools [9].

The utilization of virtual reality (VR) as a learning medium has been demon-
strated to positively impact both learning engagement and process learning [12].
In contrast, TG environments have the potential to influence learning outcomes
[11]. They can facilitate learning by scaffolding concept understanding, reducing
cognitive load, and increasing learning activity. They can also change learn-
ing behavior by increasing attention, control, and expression. Furthermore, they
can enhance learning emotions by making learning more engaging, immersive,
and enjoyable. Mulders posited that flow is an essential moderating factor in VR
learning applications [13]. However, it remains unclear whether this phenomenon
can be directly compared to tangible learning.

2 Related Work

VR is an umbrella term for various technologies that aim to immerse the user
in a virtual environment and make them feel as if they are physically present
[19]. Examples of these technologies include PC-based VR, tablet-based VR, and
CAVE systems. In this paper, VR specifically refers to head-mounted displays
combined with controllers that allow the user to look around, move about, and
interact with the environment.

Research on the benefits of VR for education suggests positive effects on
learning engagement [6] and especially on process learning [12]. As a result,
there are many applications that transport learners to distant or dangerous lo-
cations or allow them to practice processes in a safe and controlled environment.
In a literature review of current trends in educational VR gaming, the majority
of applications were found to be in areas such as healthcare, safety training,
and pilot training (19 out of 30) [16]. When designing real-world-based learning
scenarios, many aspects of the virtual environment, such as important objects,
aesthetics, and interactions, are predetermined by the subject. When designing
metaphor-based learning environments for abstract concepts, all of these deci-
sions must be made consciously during the design process. At the same time,
VR allows educators to realize any metaphor for a learning game because they
have full control over the environment and behavior of the virtual environment.
This makes research into effective design strategies for VR learning applications
important.

Although there are legitimate criticisms, the vast majority of studies in this
area are media comparison studies, which often do not clarify the underlying
educational design for all conditions [4]. These studies do not allow generalized
principles to be derived or theories to be formed. Looking at the learning ex-
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perience, for example, seems to be a better approach, showing that the effect
of the medium on learning is strongly moderated by flow [13]. The flow state
is a psychological construct derived from motivational psychology. It is defined
as a state of optimal experience characterized by a balance between one’s per-
ceived abilities and the perceived difficulty of the task at hand. This balance
is achieved through a sense of coherence, concentration on a limited stimulus
field, a change in temporal experience, and a merging of self and activity. In
addition to the definition of flow as a balance between ability and challenge, the
perceived importance of the activity and the individual’s motivation to perform
are important components. According to [8], additional factors are likely and
flow should be measured in its multidimensionality in the future.

An alternative to interacting with VR-based analogies when learning abstract
concepts are tangible learning objects. An example of this is unplugged activi-
ties, first introduced by Bell et al. [3]. The idea of computer science unplugged
is to deliberately exclude digital technology from the learning process in order
to focus on the fundamental principles of computer science concepts and their
validity outside of digital systems. However, when objects need to exhibit com-
plex behavior, tangible artifacts can be extended with embedded systems that
no longer fit the definition of the unplugged approach. There is a large body of
research on Tangible User Interfaces [18] and their application in learning con-
texts. A TG environment was used in this study, as this enabled the creation
of a comparable counterpart to the VR environment in which as many aspects
of the learning experience as possible, such as interaction mode and immersion,
could be retained.

3 Educational Game Design

To illustrate the underlying educational design for the applications in this paper,
the learning content and objectives related to the concept of routing are first
defined. Then the metaphor used and the game design are described.

3.1 Learning Content

The underlying informatics content concerns the routing of data packets in a
typical home network, where a router connects to local clients and the Internet
Service Provider (ISP). The router must route data packets according to their
destination IP address, which is a unique address for each network component.
In a home router environment, there are three common cases for these packets:

– Internal packets have both a source and a destination within the local
home network. The router has a direct connection to the destination client
and can therefore match the packet by comparing these addresses. This type
of packet occurs when local clients exchange data directly, such as screen
sharing from a smartphone to a TV.
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– Outgoing packets originate from a local client but are destined for an IP
address outside the local network. In this case, the router does not have a
direct connection to the destination client and forwards the packet to the ISP.
The packet is then routed through the Internet, which is outside the scope
of this learning design. This type of packet occurs whenever a client sends
data to a server on the Internet, such as uploading a photo to Instagram.

– Incoming packets come from the Internet through the ISP. Because the
router has only one external public IP address and the local clients are not
visible from the outside, all incoming packets are addressed to the router’s
public IP address. To route the packet to the correct local client, the router
must perform Network Address Translation (NAT). The router uses ports,
an additional piece of metadata, to identify the destination client. Each time
a connection is made between a local client and a server, packets on that
connection use a specific port, which is recorded in a NAT table. When an
incoming packet arrives, the router can use this NAT table in combination
with the port to determine which local client the packet belongs to.

There are details and aspects such as the structure of IP addresses, the
formation of subnets, and the use of ports outside of NAT that are relevant to
the topic but are not discussed here. This is because the educational design does
not cover these aspects in the learning activity.However, these aspects can and
should be covered by the instructor for integration into the informatics lessons.

3.2 Learning Goals

The learning goal for the educational design is for students (age 13-15) to under-
stand how the routing of data packets works. Since interaction with the learning
object is at the core of VR and TG learning environments, students should take
an active role in the learning process. This can be achieved by refining the learn-
ing objective as follows: “Students will perform the routing of data packets to
and from clients in a home network by interpreting IP addresses and applying
Network Address Translation (NAT).” This learning objective requires 7 sub-
competencies (see table 1).

All these together fulfill the learning objective. The sub-competences are
interdependent as shown in figure 1. By analyzing these competencies in the
context of the routing process, 4 stages can be identified. While competencies A
and B are necessary to gather all important information, competency C enables
students to choose the right strategy by identifying internal (strategy uses com-
petency D), outgoing (strategy uses competency E) and incoming (strategy uses
competencies F and G) packets. An additional skill that is not necessary for the
routing decision and requires knowledge transfer is H).

The tasks to evaluate the learning effect were constructed for the specific sub-
competencies in a process of three stages. First different ideas for tasks where
constructed and matched to the competences. Then the tasks were reviewed by a
group of experts (5 people with a background in computer science education and
university teaching). In this step, the experts rated the correspondence of the



28 D. Baberowski et al.

Table 1. Sub-Competencies

A Students will identify the important information (IP address and port) of a data
packet.

B Students know that a typical home network is built around a central router that
connects clients to the ISP.

C Students will assign IP addresses to the internal or local network and to the
external network or Internet.

D Students match internal packets to their local destination.
E Students will match outgoing packets according to their external destination.
F Students identify incoming packets from the Internet as a use case for NAT.
G Students will perform NAT on an incoming packet.
H Students will identify the complete path of a packet through the network from

sender to destination.

Fig. 1. Structure of the learning objective from sub-competencies. The tasks used to
evaluate the learning effects are also shown and assigned.

tasks to the target competencies and had the opportunity to comment on general
aspects of the task design. The instrument was then refined by incorporating the
feedback and eliminating tasks that did not match the competences, resulting
in 7 tasks (see Fig. 2) whose relationship to the competences is shown in Fig. 1.

3.3 Metaphor

To visualize the learning environment, a pneumatic tube post system was chosen,
where different tubes represent connections to different clients, and data packets
are represented by capsules traveling through these tubes. The metaphor sat-
isfies the three requirements proposed by [2] for analogies for learning abstract
concepts:

– The metaphor is coherent with the learning content by correctly repre-
senting the active components (clients - tubes, packets - capsules) and their
relationships.
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Fig. 2. Task 5, that tests the application of the NAT process on packets (sub-
competency G).

– The metaphor is reduced by neglecting unnecessary details, such as the
contents of capsules or other uses of port numbers.

– The metaphor is familiar in the sense that students may not know how
pneumatic tube systems work, but they do know how addresses relate to
packets in a mail system.

In order to have comparable environments, not only the metaphor and learn-
ing content, but also the visuals, interface and mechanics of the environments
have to be as similar as possible (see Fig. 3). To allow students to focus on the
learning activities, external stimuli should be reduced to a minimum. This was
achieved by eliminating all unnecessary details within the environment. The im-
portant and active components are highlighted with spotlights to further direct
the learner’s focus. This means that the learner is transported into a learning
environment filled with only five tubes and the NAT table. Within this envi-
ronment, the learner receives feedback through multiple channels. If a packet
is placed correctly, the corresponding tube should light up green and an accep-
tance sound is played. Then the next packet will come out of the next tube. If
the player chooses the wrong tube, a red light and a reject sound will indicate
that there is a problem and the packet will bounce back from the tube to the
player. In this way, a packet can be played over and over until the correct tube
is found.

3.4 Design of the Prototypes

The implementation of the VR environment as well as the TG environment use
a sorting action to let the user assign packages to the tubes [1]. To maintain
a level of activity and embodiment, the tubes were placed in a semicircle 2m
in diameter. In this way, students had to actively move around to place the
packages into the tubes (see Fig. 3). The VR environments use hand controllers
that register a grasping gesture to allow the user to interact with the packages.

The TG environment was built with the goal of implementing the educational
design as close as possible to the VR version. Therefore, the 3D models of the VR
implementations were used to 3D print all objects (capsules and tubes). Since the
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Fig. 3. TG (left) and VR (right) implementations of the pipe-post system metaphor:
each pipe is labeled with an IP address, and the NAT table is placed above the pipe
connecting to the ISP

actual and perceived size of objects in VR can differ significantly [15], different
scaled-down versions of the objects were tested to preserve the subjective feeling
while interacting with the object and at the same time keep the production effort
(3D printing time and material) reasonable (see Fig. 4).

Fig. 4. Comparison of game objects in the VR and TG environment

The tubes were built as autonomous units using microcontrollers. Each tube
unit consists of a distance sensor to detect the insertion of a capsule and a motor
to move a conveyor belt to move a capsule into or out of the tube. All the tube



Hands-On vs. Hands-In 31

units are connected to a laptop computer, which stores the current state of the
game and sets the behavior of each tube (accepting or rejecting capsules).

All these details were not visible to the player because they were hidden
behind black cloth. Spotlights were used to create the same lighting conditions
as in the VR version. From the learner’s perspective, only the game assets were
visible, and because the tube units could provide instant feedback, the illusion of
interacting with a machine or system was created. In reality, a game supervisor
was needed behind the scenes to insert the capsules before they could be ejected
to the learner. The supervisor could also see the state of the game and upcoming
packets via the central laptop.

4 Study Results

The study used a pre-post design to assess learning and flow. The former was
measured by the tasks described in the Educational Design section 3, while the
latter was quantified using the Flow Short Scale [8]. First semester university
students (N=23, convenience sampling) were randomly selected to play with one
of the two environments (VR and TG). To collect additional data, participants
played the second version after the post-test, this time answering only the flow
items for the second learning environment as well. The full dataset for this study
is available under a Creative Commons License (CC-BY) on the Open Science
framework3.

The participants were university students, some of whom had a background
in computer science. As the pedagogical design is intended for use in the hands-
on phase of the classroom and therefore builds on prior knowledge, the study
began with a short video clarifying important definitions and explaining the
concepts of routing and NAT. Then the participants were given the pre-test
(learning effect). They then played one of the two versions of the learning game.
For the study, a fixed sequence of capsules was used to avoid introducing dif-
ferent levels of difficulty by chance. After all capsules were placed correctly, the
participants were given the post-test. Since each task is designed to assess a dif-
ferent sub-competency, the scores are not combined but considered separately.
The normalized result for each task can be seen in table 2.

In the VR condition, participants’ mean scores were higher in the post-test
than in the pre-test for each task. A one-tailed Wilcoxon signed-rank test was
used to test for significance, which was found for Task 4 (p=0.037) and Task
6 (p=0.004). Calculation of effect sizes using Pearson’s r revealed large effects
for both tasks (Task 4: r=0.613, Task 6: r=0.897) according to Cohen’s classifi-
cation [7]. In the TG condition, participants’ mean posttest scores were higher
than their pretest scores in tasks 2, 4, 5, and 6. The Wilcoxon signed-rank test
showed significance for Task 6 (p=0.038), while Pearson’s r showed a large effect
(r=0.703).

3 Private Review Access at https://osf.io/2kvnm/?view_only=
f20f7ba2e02547df9ef6997516e95d64
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Table 2. Results for each task in both environments VR (N=11) and TG (N=12) for
pre and post scores (normalized).

Task VR (pre) VR (post) change sign. TG (pre) TG (post) change sign.

1 0.91 ± 0.30 0.98 ± 0.08 p=0.500 0.93 ± 0.15 0.90 ± 0.29 p=0.715
2 1.00 ± 0.00 1.00 ± 0.00 - 0.83 ± 0.39 0.92 ± 0.29 p=0.500
3 0.84 ± 0.20 0.93 ± 0.16 p=0.102 0.88 ± 0.17 0.85 ± 0.13 p=0.725
4 0.66 ± 0.34 0.88 ± 0.14 p=0.037* 0.78 ± 0.22 0.81 ± 0.22 p=0.338
5 0.76 ± 0.34 0.88 ± 0.17 p=0.135 0.78 ± 0.38 0.89 ± 0.22 p=0.186
6 0.50 ± 0.26 0.74 ± 0.17 p=0.004* 0.51 ± 0.36 0.68 ± 0.32 p=0.038*
7 0.88 ± 0.20 0.91 ± 0.11 p=0.356 0.85 ± 0.17 0.85 ± 0.23 p=0.367

Fig. 5. Comparison of pre and post scores in tasks 4 and 6 for both environments

Flow was measured on a 7-point scale (0 to 6) using the Flow Short Scale
[8]. There were no significant differences regarding the order in which the two
games were played, which is why the measurements can be evaluated together
regardless of the order. The scores for VR (4.8) and TG (4.6) are not significantly
different (N=23, Wilcoxon signed-rank test, α = 0.25, 1 − β = 0.86). Although
there may be an effect of game version on flow, we were unable to measure it
due to the small sample size.

5 Discussion

The assumption of flow as a moderating factor, as proposed by Mulder [13]
aligns with the findings for VR. The VR and TG variants of the game exhibited
comparable flow values. While no significant difference was observed, it cannot be
ruled out that there was an effect, though it was probably not substantial. This
lends support to the hypothesis that flow is also an important moderating factor
in TG learning situations. The comparable flow and learning effects indicate that
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the flow factor may exert a stronger influence on the learning situation than the
medium.

The VR environment was better in sealing off the participants from the
outside world, reducing distractions and maybe supporting flow. Since the TG
version relied on a human behind the scenes to prepare the next packet, quick
players sometimes had to wait a second for the next one in comparison to the
VR environment in which packets were always sent immediately. However, all
differences relate to the implementation and not to the content of the learning
applications, since both use the same educational design and implement equiv-
alent game mechanics.

Both environments show significant learning effects in the tasks most similar
to the actual game activity, demonstrating that the instructional design has an
effect on learning. Although the differences are not significant, it is noticeable
that there are only increases (and one constant value) in the VR version when
comparing pre and post scores, while for the TG version Taks 1 and 3 showed
worsening. This can be explained in three ways:

The first explanation is due to the small sample size. Increasing the number
of participants would make it possible to measure smaller effects and therefore
making statements about differences between VR and TG possible. The second
explanation is due to the the match between the participants and the target
group. Since the participants were older, the tasks were probably too easy, ex-
plaining the high scores in the pre test. This causes saturation effects, reducing
the ability to measure learning effects further. For this explanation speaks, that
the tasks that showed significant effects, where exactly the ones with the lowest
pre scores. Since participants in the TG group scored higher in most pre tasks,
this saturation would effect this group more. Reproducing the study with stu-
dents of the target audience could increase the sensitivity of the instrument. A
third explanation would be, that there are differences in learning with VR and
TG, possibly stemming from differences in immersion and sensory perception.

In the end, the results at hand do not allow conclusions about the superiority
of one environment over the other in terms of learning effects; both can help
learners with abstract concepts in computer science through hands-on activities.
While flow is a moderating factor for learning with different media, VR opens up
new possibilities when designing learning activities. This in turn could support
learning experience, especially flow. In order to achieve this, more research in
design principles for VR learning games is needed.

Disclosure of Interests. The authors have no competing interests to declare that
are relevant to the content of this article.
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Abstract. The topics of Artificial intelligence (AI) and especially Ma-
chine Learning (ML) are increasingly making their way into educational
curricula. To facilitate the access for students, a variety of platforms, vi-
sual tools, and digital games are already being used to introduce ML con-
cepts and strengthen the understanding of how AI works. We take a look
at didactic principles that are employed for teaching computer science,
define criteria, and, based on those, evaluate a selection of prominent
existing platforms, tools, and games. Additionally, we criticize the ap-
proach of portraying ML mostly as a black-box and the resulting missing
focus on creating an understanding of data, algorithms, and models that
come with it. To tackle this issue, we present a concept that covers inter-
modal transfer, computational and explanatory thinking, ICE-T, as an
extension of known didactic principles. With our multi-faceted concept,
we believe that planners of learning units, creators of learning platforms
and educators can improve on teaching ML.

Keywords: Artificial Intelligence · Machine Learning · Intermodal Trans-
fer · Computational Thinking · Explanatory Thinking

1 Introduction

Machine Learning (ML) is currently finding its way into more and more curricula
due to its increasing significance. Despite the availability of initial materials for
classroom instruction, there is still a shortage of suitable resources for effective
teaching. In recent years, we have seen new platforms, tools, and games address
the topic of Artificial Intelligence (AI) in early education (primary school to high
school). Studies have demonstrated that digital game-based learning can boost
students’ motivation and engagement, enrich their cognitive and emotional de-
velopment, and thereby enhance their learning efficiency [2]. Using digital games
for teaching ML offers the advantage that students can learn and experiment in
a playful manner. This not only enhances their comprehension of these complex
subjects but can also spark their interest in the topic.

Visual tools are a popular way to teach ML concepts. The variety of rep-
resentations plays an important role in enhancing the learning experience. In
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addition, these formats can help to include diverse teaching methods, making
complex concepts more accessible to a wider range of students.

Learning platforms play a crucial role in supporting educators. There is cur-
rently a significant gap in teacher training for AI skills [15], indicating that many
computer science teachers are unfamiliar with ML techniques and find it chal-
lenging to teach them. Using learning platforms enables them to access resources
and materials tailored to the needs of students, contributing to more effective
ML education.

For education, various guidelines, frameworks and models exist. The Tech-
nological Pedagogical Content Knowledge (TPaCK) framework describes the
knowledge required by educators to create technology-enhanced learning envi-
ronments, emphasizing the interplay between content knowledge, pedagogy, and
technological literacy [11]. DPaCK strengthens digital literacy through subject-
specific content, while AI-PaCK provides a structured description of AI teacher
education [8]. But didactic principles have not been sufficiently explored to de-
velop a comprehensive and systematic approach for creating new tools, games,
and platforms dedicated to teaching ML content. To fill this gap, we have an-
swered the following research questions as our main contribution in this paper:

1. RQ1 : To what extent do existing games, digital tools and platforms for
teaching machine learning implement the facets of intermodal transfer, as
well as computational and explanatory thinking?

2. RQ2 : How can a process model for teaching Machine Learning be derived
from a Data Mining process model?

3. RQ3 : How can the presented didactic principles be combined and applied?

To answer these questions, we first introduce three facets of thinking and the
related work on the topic. Then, we compare the tools, games, and platforms
and take a close look at the process model for Data Science. Finally, we present
our proposal, ICE-T, a multi-faceted concept for teaching ML.

2 Background & Related Work

In this section, we will give an introduction to three facets of thinking and present
other related work.

2.1 Intermodal Transfer

Intermodal transfer refers to the ability to apply knowledge or skills learned
in one modality or context to a different modality or context. It involves the
transfer of learning from one domain to another. In the context of education and
cognitive development, intermodal transfer can be observed when individuals
successfully apply what they have learned in one mode (e.g., visual, hands-on)
to another mode (e.g., symbolic, abstract).

The principle of EIS (Enactive, Iconic, Symbolic) by Bruner [4] is a frame-
work used in educational psychology, specifically in the context of learning and
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cognitive development. The principle is visualized in figure 1. This framework
describes three levels of representing information that learners advance through
as they acquire knowledge and skills. The EIS principle is closely related to
the spiral approach, in which students progress through a subject with ever-
increasing complexity [4]. In the case of the EIS principle, intermodal transfer
can be evident in the progression from enactive to iconic to symbolic representa-
tion. Learners develop the ability to transfer knowledge and skills across different
modalities, for example:

– Enactive to Iconic: Learners transfer knowledge gained through physical
experiences (enactive) to mental images or visual representations (iconic).
For example, a child who has learned to balance on a bicycle (enactive) can
transfer this knowledge to create a mental image of bike riding.

– Iconic to Symbolic: As learners move from iconic to symbolic representation,
they transfer their understanding from visual or sensory images to abstract
symbols or linguistic forms. This involves the ability to connect concrete
visual representations to more abstract and conceptual symbols.

The intermodal transfer perspective emphasizes the flexibility and adaptabil-
ity of cognitive processes, highlighting that learning in one modality can enhance
performance or understanding in another. This aligns with the broader concept of
intermodal thinking, where individuals seamlessly integrate and transfer knowl-
edge across different modes of thought or disciplines.

In summary, intermodal transfer is an important aspect of the learning pro-
cess, and the EIS principle provides a framework that showcases how learners
progress through different modalities, facilitating the transfer of knowledge and
skills between them.

Fig. 1. Intermodal Transfer via the EIS
principle: Enactive - Iconic - Symbolic.

Fig. 2. Computational Thinking via
UMC: Use - Modify - Create.

2.2 Computational Thinking

Computational thinking is an approach that includes problem-solving and prob-
lem formulation aspects based on concepts and methods from computer science
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[6]. It involves breaking down complex problems into smaller parts, and then us-
ing algorithms and logical thinking to devise solutions. Computational thinking
is not exclusive to computer scientists; rather, it’s a fundamental skill that can
be applied across various disciplines and everyday life [17].

The principle of UMC, which stands for Use-Modify-Create, is often asso-
ciated with computational thinking, especially in the context of learning to
program, modeling, or working with software [9], making it more suitable for
machine learning where models and similar components play a crucial role. In
contrast, for example PRIMM [14] places a stronger focus on programming.

The UMC principle, shown in figure 2, aligns with the iterative nature of
computational thinking. Individuals start by using existing solutions, move on to
modifying them based on their needs or understanding, and eventually progress
to creating entirely new solutions. This approach fosters a mindset of contin-
uous improvement, adaptability, and creativity in the realm of computational
problem-solving.

– Use: When individuals use existing algorithms or code, they are applying
computational thinking to understand and leverage the functionalities pro-
vided. This can be using a programming library or software application to
accomplish a specific task that involves understanding how to apply pre-
existing solutions.

– Modify: Modifying existing code or algorithms requires a deeper under-
standing of how they work. This process involves decomposition, pattern
recognition, and algorithmic thinking, for example tweaking the parameters
of an existing algorithm or adapting a piece of code for a different purpose.

– Create: Creating original solutions, algorithms, or code is at the core of
computational thinking. It involves decomposition to understand the prob-
lem, abstraction to focus on essential details, and algorithmic thinking to
design a solution. This step is sometimes less strict with regards to the
learners creativity and therefore can be more of a Heavily Modify task,
which internally combines Create and Modify subtasks.

In educational contexts, integrating UMC with computational thinking pro-
vides a structured approach for learners to engage with and master the principles
of programming and problem-solving using computational concepts.

2.3 Explanatory Thinking

Explanatory thinking refers to the cognitive process of constructing and pro-
viding explanations for various phenomena, events, or concepts. It involves the
ability to analyze information, identify patterns, and articulate coherent and
meaningful explanations for why something happens or how it works. Explana-
tory thinking is a crucial aspect of critical thinking and problem-solving, allow-
ing individuals to make sense of the world around them and communicate their
understanding effectively. In the context of AI/ML, this would mean following
a process of learning how to understand the task, working with the data and
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equip the students with the ability of being able to articulate (and thereby jus-
tify) modeling choices. By reasoning about science, students get opportunities for
knowledge building [7] and are more likely to attend to the interactive, invisible
components in the model to explain such a process [13].

2.4 Related Tools & Games

Wangenheim et al. [16] compiled visual tools for teaching ML in the K-12 ed-
ucation sector and identified three key aspects of visual tools for teaching ML
in K-12 education. First, they emphasize "learning by doing" through hands-
on activities and model development. Second, they are based on constructivism
and constructionism, promoting active knowledge construction and artifact cre-
ation. Third, they highlight the importance of adapting tools to local contexts
to motivate students with relevant and interesting problems.

Exploring the use of concepts in education, Marques et al. [10] examined
30 instructional units (courses, workshops, activities, etc.) primarily used in
high schools in their work. They emphasized that, given the complexity of ML
concepts, several units cover only the most accessible processes. For example,
some units only teach data management, present model learning and testing at
an abstract level, and hide some of the underlying ML processes.

In [1], Alam found that digital games could improve programming and com-
putational thinking skills. They improve problem-solving through complex puz-
zles, introduce algorithmic thinking with rule-based gameplay, and require logical
and strategic thinking. Additionally, these games foster creativity by allowing
players to design elements. A critical aspect is the immediate feedback provided
by the games, which supports iterative problem-solving, a fundamental compo-
nent of computational thinking.

3 Methodology & Results

In this section, we present and examine existing tools, platforms and digital
games according to evaluation criteria based on the aforementioned didactic
facets. We furthermore propose a process model for promoting explanatory
thinking based on an industry-standard process model for Data Mining tasks.
Finally, we present our concept, ICE-T, as a combination of three principles.

3.1 RQ1: To what extent do existing games, digital tools and
platforms for teaching machine learning implement the
facets of intermodal transfer, as well as computational and
explanatory thinking?

In order to address the didactic principles used in current games, digital tools,
and learning platforms for teaching machine learning, we conducted an analysis
of prominent tools, platforms, and games cited in the research of Wangenheim
et al., Ashraf, and Zhou et al., as presented in table 1.
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Our investigation focused on the extent and manner in which these resources
implement the use-modify-create principle as a component of computational
thinking. Additionally, we examined the presence and transfer between enac-
tive, iconic, and symbolic forms of representation. For the explanatory facet, we
examined whether machine learning algorithms, as well as data handling and
the applied processes are taught.

Computational Intermodal Explanatory
Tool/Platform/Game use mod. create en. ico. sym. ML alg. process data
code.org (AI for Oceans)4 ✓ ✓ ✓ ✓
Google Teachable Machine5[5] ✓ ✓ ✓ ✓ ✓ ✓ ✓
Machine Learning For Kids6 ✓ ✓ ✓ ✓ ✓* ✓ ✓
mblock (Face recognition system)7 ✓ ✓ ✓ ✓* ✓ ✓
Minecraft Education: Unit 9 (AI)8 ✓ ✓ ✓* ✓ ✓
orange39 ✓ ✓ ✓ ✓ ✓ ✓
SnAIp (block-based platform)10 ✓ ✓ ✓ ✓ ✓ ✓
Tensorflow Playground 11 ✓ ✓ ✓ ✓ ✓ ✓
MIT APP Inventor12 ✓ ✓ ✓ ✓* ✓ ✓ ✓
While True: Learn()13 ✓ ✓ ✓ ✓ ✓
Table 1. Evaluation and comparison of digital tools, platforms, and games that empha-
size computational thinking through use, modify, and create capabilities, intermodal
transfer across enactive, iconic, and symbolic representations, and explanatory think-
ing using ML algorithms, processes, and data. Checkmarks signify that the respective
concept plays a major role. Remark: ∗(Model deployment)

After the analysis from Zhou et al. they recommend the use of the use-
modify-create method as a suitable approach [20]. Our in-depth analysis shows
that apart from code.org (AI for Oceans), Tensorflow Playgrounds and the two
games Minecraft Education (Unit 9) and While True: Learn(), all tools and
platforms have integrated the whole concept.

The advantage of using multiple forms of representation for explanation has
not yet been widely adopted. While Google Teachable Machine, Tensorflow Play-
grounds and While True: Learn() cover enactive aspects mentioned by Wangen-
heim [16], they also exploit the potential of iconic explanation. At the symbolic
representation level, many tools and platforms use the model deployment ap-
4 https://code.org/oceans
5 https://teachablemachine.withgoogle.com
6 https://machinelearningforkids.co.uk
7 https://planet.mblock.cc/project/234478
8 https://education.minecraft.net/de-de/lessons/hour-of-code-generation-ai
9 https://orangedatamining.com

10 https://snap.berkeley.edu/search?query=snaip
11 https://playground.tensorflow.org
12 https://appinventor.mit.edu
13 https://luden.io/wtl/
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proach, which focuses on how to use a model and lets the ML-algorithm remains
a black-box.

As Marques et al. found in their analysis of workshops, courses, and activities,
we also found in all the tools, games, and platforms we studied, that machine
learning is always taught by focusing on the processes [10]. Some tools focus on
more accessible processes; for example, code.org uses a training phase in which
users distinguish fish from garbage, followed by a testing phase in which users
watch the computer apply what it has learned. This is followed by the decision-
making process, where the user decides whether model should be trained further.
Orange 3 has a strong emphasis on the process, with a focus on workflow and
the iconic representation of results, e.g. through the visualization of trees, box
plots, and scatter plots.

Teaching machine learning can benefit from a combination of didactic prin-
ciples. The MIT suggests using Google´s Teachable Machine to develop a model
before using it with their APP Inventor platform. This combination could pro-
vide multi-faceted support for teaching ML concepts.

3.2 RQ2: How can a process model for teaching Machine Learning
be derived from a Data Mining process model?

To answer this research question, we introduce CRISP-DM, before proposing a
scheme based on the process model for the context of designing iterative learning
units for Machine Learning students in education. Other applications have been
highlighted by Schroer et al. in [12].
Due to its better flexibility and universality [3] compared to other process models
(e.g. SEMMA, KDD), the CRoss Industry Standard Process for Data Mining
[19] appears to be most suited for adaptation into an educational context. This
process model for Data Mining or Data Science tasks is widely used in industry.

Figure 3 shows the six phases of the process:

1. Business Understanding focuses on the requirements and objectives of a
use case, which are then converted into a Data Mining (or Data Science)
problem.

2. Data Understanding describes a phase that consists of acquiring initial data
and understanding its characteristics. From this, the goal is to identify po-
tential issues and challenges.

3. Data Preparation covers the construction of the data set that will be used
in the modeling phase. In this phase it can be necessary to remove, clean,
engineer or transform the raw data into a format suitable for analysis.

4. Modeling means selecting modeling techniques and algorithms and then
building predictive or descriptive models based on the prepared data.

5. Evaluation is usually done during, and after the training process. Here, the
models’ quality gets measured and compared to the criteria set during the
business understanding phase.

6. Deployment is the final step to integrate the Machine Learning model into
an operational environment, as an application.
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CRISP-DM is an iterative process. Even after the deployment phase, if there
are additional insights to be gained or if business objectives evolve, the process
may cycle back to earlier phases, such as refining the business understanding or
adjusting the data preparation and modeling steps.

Fig. 3. CRoss Industry Standard
Process for Data Mining.

Fig. 4. Promotion of Explanatory Thinking
Standard Process for Machine Learning.

Since our goal is to incorporate a principle that promotes explanatory think-
ing, we adapt the CRISP-DM process model to an educational setting. In con-
trast to CRISP-DM, the Business Understanding phase is intended to provide a
given problem/task description. Here, concise formulation is a requirement. The
next phase, Data Understanding, can be part of the descriptive text, but can
also be integrated into tasks such as exploratory analysis (e.g. read/plot data).

Another option is to combine Data Understanding and Data Preparation and
directly design tasks for modifying data after a given description of the data, and
most likely constraints of the method that is to be applied. We denote the set
of phases 2 and 3 as the Data phase. We postulate that designing tasks for this
phase is a mandatory step for learners to be able to get a deeper understanding
of the data and in turn of the actual method. The Model Understanding phase
follows. To promote an understanding of AI, we believe it is important to not
treat the method/algorithm as a black-box, but instead design tasks in a way
that aim to teach how these methods make choices.

Only now should the Model Training phase start, and with it tasks that
concern the actual method. As a last phase, Evaluation metrics are applied and
the model is evaluated. Depending on the method, and due to the iterative design
of the process, it is possible to revisit any of the previous phases.

The Deployment phase plays a bigger role in practical applications (CRISP-
DM), but can likely be omitted in K-12 educational cases. We note that we
still believe that it has its merits if the specific goal is to support experimental
learning opportunities, e.g. through group projects.
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In consequence, we define the phases of the Promotion of Explanatory Think-
ing Standard Process for Machine Learning (short: PETSP-ML), depicted in
figure 4 as such:

1. Task Understanding can be defined as the phase where students gain a
comprehensive understanding of a given academic task or assignment. This
phase involves students actively engaging with the requirements, objectives,
and expectations of the task to ensure clarity and alignment with their learn-
ing goals. In this context, it is especially important to convey why ML helps
with a given problem.

2. Data Phase consists of Data Understanding & Data Preparation. Learners
should have the task of dealing with the data in a practical way by visualizing
the data and being able to transform it in a guided environment.

3. Model Understanding refers to the phase where individuals seek to com-
prehend the inner workings of a machine learning model. This phase is crucial
for gaining insights into how the model makes decisions, understanding its
limitations, and ensuring that the model aligns with the intended goals.

4. The Model Training and Evaluation phase is a crucial step where stu-
dents make a model and learn from the provided data to make predictions
or perform a specific task. They should gain insight into its behavior and
predictions through evaluating the training. This step can also be iterated
multiple times on its own if necessary.

3.3 RQ3: How can the presented didactic principles be combined
and applied?

We finally present our own learning concept, called ICE-T, which combines
the principles of Intermodal Transfer, Computational Thinking and Explana-
tory Thinking, and which is illustrated in figure 5. We argue that in order to
fully understand and use ML methods, it is necessary to cover all of these areas
when designing learning units for school curricula, learning platforms, etc. To
support our claim, we will refer to figure 6 and provide an example:

We consider the situation in which an educator plans to teach how to use
Decision Trees [18] as a classifier for animals (1:). In this example, the data con-
sists of a set of the animals Lion, Shark, Eagle, Penguin, each with information
about their attributes (Has feathers?, Can fly?, Eats meat?, Has fins? ). The
task ("Classify different animal species by asking as few questions about their
characteristics as possible") is presented in a problem-centered manner, where
students should discuss ideas to come up with solutions - independent of the
algorithm that will be taught. To understand the data, learners first examine
tables of animals and their characteristics (2: Iconic + Use). Students can also
do some of the preparation by expanding to the table and adjusting the data (3:
Iconic + Modify). To promote a deeper understanding, they can visualize the
data in different ways, e.g., by plotting (4: Enactive, Iconic + Use).

To understand the model, it can be helpful to first play a "question-answer"
game, in which players can decide the order in which the questions will be
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Fig. 5. The three facets of the ICE-T principle: Intermodal Transfer, Computational
Thinking, and Explanatory Thinking.

answered, with the goal of asking as few questions as possible in total (5: Enactive
+ Use). Additionally, after each question, a tree-like structure could show how
the question splits the data depending on the chosen question. Playing multiple
rounds could also allow for comparison of resulting trees (6: Iconic + Use).

For training, students could change model parameters as a programming task
(7: Symbolic + Use and Modify) and evaluate the immediate result according to
certain rules (8: Iconic + Use). Here, it might also be helpful to show the effect
of trying to classify data that was not part of training the classifier.

In further iterations of the process (spiral approach), complexity should in-
crease. As an example, the data could now also be generated by the students,
and they should experience the algorithmic construction of the tree and model
selection through the effect of splitting the data before training different models,
or experiment with node splitting criteria (second iteration: Iconic + Symbolic
+ Use + Modify + Heavily Modify/Create).

4 Conclusion

We examined didactic principles that get employed for teaching computer science
and maths, defined didactic criteria and, based on those, evaluated a selection
of existing platforms, tools and games. Additionally, we highlighted the issue of
portraying ML mostly as a black-box and hence the lack of focus on creating
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Fig. 6. The iterative process of teaching the use of decision trees for animal classi-
fication is illustrated using all elements of ICE-T. The diagram shows four phases
of PETSP-ML (Task Understanding, Data Phase, Model Understanding, and Model
Training and Evaluation) over two iterations. Each phase indicates different activities
and elements based on the EIS and UMC principles at each step.

an understanding of data, algorithm and model that comes with it. To address
this, we presented our multi-faceted concept, ICE-T.

Our concept includes different representation facets, the utilization of the
use-modify-create framework, and our PETSP-ML model for educational needs
based on the CRISP-DM model. The concept aims to provide teachers, plan-
ners of learning units, and learning platform developers with guiding didactic
principles to enhance the understanding of ML and facilitate teaching in this im-
portant area. Given the growing importance of ML in today’s world, it is crucial
to introduce students to the fundamentals of this complex technology.

We hope that this paper will contribute to the dialogue about how to teach
ML and that planners of learning units, creators of learning platforms and edu-
cators can benefit from being guided by our concept.
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Abstract. As the digital revolution continues to reshape educational
landscapes, understanding how educators engage with digital training
has become crucial for fostering effective teaching methods. This paper
delves into the level of engagement among Austrian teachers in digital
education training. Using a comprehensive survey distributed to every
secondary public school teacher, the study collected both quantitative
and qualitative data to examine various aspects of digital education
training. Teachers provided qualitative data through comments along-
side traditional survey responses, offering more profound insights into
their experiences, preferences, and challenges related to digital education
training. By analyzing these comments, the study uncovered nuanced
perspectives on the preferred training modes, the support teachers need,
and the motivations that drive them to pursue professional development.
The qualitative data revealed a range of opinions, from positive percep-
tions to specific concerns, providing a richer context to the quantitative
findings. This qualitative analysis highlighted the factors contributing
to teachers’ engagement in digital education training and underscored
the importance of flexibility, efficiency, and tailored support in profes-
sional development programs. Overall, the study suggests that teachers
are open to engaging in digital education training, especially when it is
responsive to their unique needs and time constraints.

Keywords: Digital Education · Teacher Training · Teacher Engagement
· Professional Development

1 Introduction

Teacher professional development is essential in the educational landscapes across
Europe, with varying degrees of obligation across different nations. In Europe,
continuing professional development (CPD) is mandated for teachers in numer-
ous countries, including the Czech Republic, Germany, Austria, and the UK.
In contrast, it remains optional in others like Greece and Italy. The extent and
rewards of CPD vary widely across regions. For instance, in Lithuania, Slovenia,
and Finland, teachers are entitled to up to five days of CPD annually, while
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the Czech Republic provides twelve. Notably, only a few nations offer salary
increments as motivations for completed teacher training [9].

In Austria, the commitment to teacher training differs by contractual terms,
with requirements ranging from zero to fifteen hours per year. Austrian educators
maintain autonomy over the choice and scope of their CPD activities, often
selecting programs based on personal interest, significantly influencing their CPD
decisions [3, 10].

The quality of instruction and the effective integration of computer science
into school curricula are hindered by insufficient teacher training [6]. The de-
mand for qualified educators underscores the necessity for training programs,
as the need for computer science graduates relative to market needs continues
to challenge the education system. To address this, over half of the educational
systems in Europe provide retraining programs for existing teachers to acquire
additional qualifications, and more than a third offer alternative certification
paths for those without formal teaching credentials [8].

Before entering teacher training programs, motivational factors play a crucial
role, with intrinsic motivation and interest in the content being significant drivers
for participation. Additionally, the practical relevance of the training content,
the expertise of the trainers, and the intellectual challenges posed during training
sessions are vital in enhancing intrinsic motivation among teachers [1, 15, 2].

This paper is organized as follows: The introduction provides a brief overview
of the topic, laying the groundwork for a detailed examination. Section two
discusses the background, offering an overview of digital education in Austria
and insights into the Austrian in-service teacher training landscape. The study’s
methodology is detailed in section 3.1, and the findings are discussed in sections
3.2 and 3.3. These results are then discussed in section 3.4. The paper concludes
with a final section that summarizes the main insights and implications of the
study.

2 Background

Since its introduction as an independent subject in the Austrian educational
system in 1985, “Computer Science” has been assigned two hours per week at
the 9th grade level in Academic Secondary Schools. With the introduction of
“Digital Education” as a compulsory subject in lower secondary education in
2022 a new topic was installed into Austria’s school system.

2.1 Digital Education in Austria

Austria has progressively integrated digital literacy into its curriculum since
introducing computer science as a compulsory subject in ninth grade in 1985.
Recent reforms have further emphasized digital literacy, mandating digital ed-
ucation as a standalone subject for students in grades five through eight. The
curriculum, developed in collaboration with educational specialists, focuses on
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four key competencies: critical thinking, creativity, collaboration, and commu-
nication. This approach aims to prepare students effectively for the digital de-
mands of the 21st century, emphasizing the practical application of digital skills
in various educational settings [5].

The curriculum is based on a two-dimensional competence model [5]. The
topics included in the “Frankfurt Dreieck” are listed in the vertical classification
under the corresponding subject headings: (T) technical-media – structures and
features of digital, IT, and media systems; (G) social-cultural – social interactions
through the use of digital technologies, and (I) interaction-related – interaction
in the form of usage, action, and subjectification [7]. The following competen-
cies compose the horizontal line: (1) orientation – analyzing and reflecting on
social aspects of media change and digitalization; (2) information – responsible
handling of data, information, and information systems; (3) communication –
communicating and cooperating using media systems, (4) production – creat-
ing and publishing digital content, designing algorithms, and creating software
programs, (5) interaction – responsible use of offers and options of a digital world.

The content of the curriculum for secondary school has been split into the fol-
lowing four grades [11, 12]:

5th grade:

(T) IPO model, search engines, personal data protection, algorithms, hardware

(G) Understanding digital vs. analog, personalized searches, online teamwork,
content presentation, media evolution

(I) Evaluate personal internet use, research skills, source assessment, data man-
agement, basic data calculations, text processing, problem-solving with help sys-
tems

6th grade:

(T) Tech accessibility, data management, internet basics, coding, hardware/software,
networking

(G) Media production, software selection, digital communication, opinion dy-
namics, copyright

(I) Digital life balance, social media, content creation, digital health/ecology

7th grade:

(T) Tech applications in society, AI, cloud systems, Computational Thinking,
embedded computer systems

(G) Media behavior, search routines, privacy vs. openness, digital culture, digi-
talization’s ecological impact

(I) Everyday tech reflection, efficient information search, pattern recognition,
crowd-sourcing, digital identity, adapting software, cybersecurity

8th grade:

(T) AI’s limits, data security, network protocols, software development, soft-
ware/hardware differentiation, encryption
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(G) Digital attitudes, data privacy, manipulation, civil society digital participa-
tion
(I) Digital norms, content management, ethical communication, programming,
technical limitations awareness, digital autonomy

Currently, the assignment of educators to teach digital education is man-
aged by school administrators, mainly due to the absence of formally certified
digital education teachers. This practice is also common in other subjects fac-
ing teacher shortages, particularly in “Mittelschulen” (Compulsory Secondary
Schools), although it is less prevalent in “Allgemeinbildende Höhere Schulen”
(AHS, Academic Secondary Schools). The initial cohorts of teachers enrolled in
university college training programs tailored to digital education are expected
to complete their studies in the upcoming years. Additionally, universities and
university colleges have recently launched Bachelor’s and Master’s programs for
teacher training in computer science & digital education.

2.2 In-Service Teacher Training in Austria

In Austria, the responsibility for ongoing and further teacher education primarily
rests with the 14 university colleges of teacher education. These institutions
offer comprehensive training courses across various levels, including primary,
secondary general, and vocational education. They also provide courses for career
changers to qualify as teachers, often in collaboration with public universities.

A specific focus is placed on the in-service training program for digital educa-
tion, which is available at eleven of the university colleges [4]. This four-semester
program contains 30 credits from the European Credit Transfer and Accumula-
tion System (ECTS), blending theoretical and practical learning to cover various
topics relevant to digital education. The curriculum, developed collaboratively
by universities and colleges, includes both guided and self-study components,
ensuring a thorough educational experience. Graduates of this program are ex-
pected to gain a deep understanding of the ethical, social, and practical aspects of
digital media and technologies. The training aims to equip teachers with skills in
programming, computational thinking, and the pedagogical use of digital tools,
enhancing their ability to manage diverse and inclusive classrooms effectively.
Moreover, the program highlights the importance of data management, network
communication, and digital content creation, all critical in fostering a competent
digital education environment [16].

The five modules that make up the teacher training program in digital educa-
tion are: (M1) Understanding and shaping your own media use, (M2) Digitality
and Society, (M3) Programming, (M4) Computer Systems, and (M5) Applica-
tion. Module one offers eight ECTS in two classes titled Understanding Media,
Shaping Its Use 1 and 2. Module two, including six ECTS, is divided into two
parts: Social Influences Through Digital Media and Project Work on Socially
Relevant Influences of Digital Media. Module three consists of four parts with a
total of seven ECTS: Programming – Basics 1 & 2, Programming – Didactics,
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and Programming – Project Work. With four ECTS, module four covers Com-
puter Systems: Fundamentals and Specialization. The final module consists of
five ECTS worth of courses: Applied Computer Applications and Applied Media
Design Including Project Work [16].

3 Study

3.1 Methodology

The main goal of this study was to explore the landscape of digital education in
Austria from the perspective of secondary school teachers. It seeks to uncover
their training, needs, preferences for professional development, and the broader
context of their demographics and professional motivations.

Initially, the study confirmed whether the participants taught digital edu-
cation in the current school year to exclude those who did not. A subsequent
question assessed whether teachers joined the course by choice or were required
to do so. The next part of the survey explored teacher training to determine if
participants were already enrolled in a course. The section after that focused on
the teachers’ perceptions and requirements regarding training. The final part of
the survey gathered demographic information such as gender, age group, years
of service, school type, subjects taught, and state.

The question “I would also like to say the following” allowed participants
to add their opinions. Seventy-four people completed this section. This work fo-
cuses on analyzing the qualitative survey data, whereas previous articles have
examined the quantitative survey data.

The “LimeSurvey” online tool was used to collect data, provided at no cost
by the university and compliant with the General Data Protection Regulation
(GDPR). This platform offers full data export capabilities and built-in data
analysis features [14].

A qualitative content analysis was conducted on the collected qualitative
data, following the seven-step model outlined by Kuckartz and Rädiker (see
Figure 1) [13]. This standard provides a comprehensive approach to structured
qualitative content analysis. The text is analyzed, organized, and summarized
in the initial phase. The next step involves identifying key categories, leading
to the first coding round based on these categories. If necessary, sub-categories
are created, and a second coding round is performed. The following steps allow
for additional analyses, while the final step entails documenting the process and
results. This spiral process can be restarted at any point, allowing for iterative
refinement [13].

The analysis was done with the help of “MAXQDA” and AI tools. At first,
ChatGPT helped translate the comments into English. Then, the comments on
the most common words were investigated using MAXQDA. Furthermore, the
statements have been categorized into topics, although one comment may be
related to multiple categories. Four key codes were established to determine
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Fig. 1. Sequence of a qualitative content analysis in seven phases [13] (edited by the
authors)

the primary topics teachers mentioned: “Training Quality”, “Additional Train-
ing Burden”, “Curriculum Issues”, and “Equipment Shortages”. Moreover, the
statements were categorized into three codes, reflecting the attitude of the com-
ment: “positive”, “neutral”, and “negative”.

The fourth and final part of the review involved finding potential arguments
by fusing qualitative and quantitative analyses.

3.2 Quantitative Results

Although this paper’s primary focus is on analyzing qualitative results, it is
essential to summarize the quantitative results currently in publication. This
integration is crucial as it provides a comprehensive basis for the subsequent
discussion, synthesizing insights from the study’s quantitative and qualitative
aspects.

The quantitative results show that secondary public school instructors in
Austria enjoy teaching digital education, primarily due to individual choices.
Most educators believe integrating digital literacy into the curriculum is es-
sential, underlining their responsibility to prepare students for an increasingly
digitally connected world. The provision of accessible and adaptable training
modalities that respect teachers’ professional and private responsibilities is a
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Fig. 2. I prefer online training vs. I prefer in-person training (n = 490)

prerequisite for their desire to engage in extended professional development (see
Figures 2 and 3).

Fig. 3. I would take part in a training course lasting several weeks if my hours would
be reduced while my pay would remain the same, I would take part in a training course
lasting several weeks if I would receive additional payments in return (n = 487)

3.3 Qualitative Results

The voluntary comment section was completed by 73 out of 578 (12.6%) par-
ticipants. The text area had an average character count of about 278; the most
extended text was 224 words, and the shortest comment was only six words long.

Taking a look at the category-based analysis of the comments (see Figure 4
left), “Training Quality”, positive and negative, was mentioned most often with
26 comments (48.1%). Teachers named “implementation is sometimes inade-
quate”, “course is far too theoretical and not practical enough”, “make working
life as a teacher easier”, “not in the least useful for lessons”, “time-consuming
course”, “many units seemed boring”, “good and bad training courses”, “no
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Fig. 4. Left: category-based analysis of comments (n = 73), right: assigned attitude of
the comments (n = 73)

didactics in course”, “no preparation of the speakers”, “absolutely unsatisfac-
tory”, “speakers and the content supported me . . . and prepared me extremely
well”, “lack of practical and differentiated training”, “prevailing chaos” amongst
others. Twenty-one (38.9%) stated “Additional Training Burdens” that repre-
sent the extra workload or stress on individuals due to training requirements.
Comments like “all training days take place during the time when there are
no lessons”, “I absolutely need the weekend to recover”, “university is very far”,
“teachers can’t just do everything for free”, “too much is already required of me”,
“poor compatibility with my teaching” was added. Among the 73 comments, 16
(29.6%) mentioned concerns related to the content, structure, or relevance of the
curriculum, stating “not yet age-appropriate or too complex”, “too many sub-
ject areas”, “curriculum is rather vague”, “curriculum did not take into account
the resources”, “digital education should start later”, “curriculum is basically
just a lot of blah blah without any real content”, “highly recommended to revise
the curriculum”, amongst others. The last category, “Equipment Shortages”,
indicates a lack of necessary tools or technology in school and was found eight
(14.8%) times, highlighting topics like “I don’t even have WiFi”, “we sometimes
have to teach without equipment”, “no projector or whiteboard, no WiFi”, “one
projector available for 14 classes”, “lack of financial resources”.

Considering the overall attitude of the comments, ten (13.7%) could be iden-
tified as “positive”, 19 (26%) as “neutral”, and 44 (60.3%) as “negative” (see
Figure 4 right).

The code-relations-graph in Figure 5 highlights these issues’ deep intercon-
nectedness. For example, the topics “Additional Training Burden” and “Train-
ing Quality” strongly connect (28 and 36) to negative associated comments. The
node “Curriculum Issues” is linked to nearly all other ones, underscoring that
curriculum problems could have widespread implications on all other aspects of
the training environment. “Equipment Shortages” is directly linked to “Training
Quality” and ”Additional Training Burden”, indicating that the lack of proper
equipment in schools could be a critical bottleneck affecting the overall quality
of training and resource utilization. Overall, this model serves as a diagnostic
tool to visualize the complex interplay of multiple factors within the training of
teachers.
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Fig. 5. Code-Relations-Model (n = 73)

3.4 Discussion

The quantitative data highlights a strong preference among teachers for engag-
ing in digital education, emphasizing the need for accessible and flexible training
modalities. This preference underscores the importance of developing training
programs that respect teachers’ professional and personal responsibilities. For
instance, many educators expressed a willingness to participate in training if it
were more aligned with their schedules and provided actual motivations such
as reduced teaching hours or additional compensation. On the qualitative side,
the analysis of open-ended responses reveals deeper concerns and specific chal-
lenges that teachers face. The most frequently mentioned issue was the quality
of training, with many educators criticizing the lack of practical relevance and
the excessive theoretical focus of current programs. Comments such as “course
is far too theoretical and not practical enough” and “lack of practical and dif-
ferentiated training” illustrate the need for more hands-on content in training.

As the survey relied on volunteer samples, this method comes with the risk
that some potential participants might choose not to participate. Furthermore,
it is known that most people fill out the comment section of surveys when they
have something negative to add, which could also influence the fact that most
comments have been categorized as “negative”.
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Many teachers reported insufficient technological resources in their schools,
such as WiFi, projectors, and other essential tools. This lack of equipment hin-
ders the effective delivery of digital education and adds to the frustration of
teachers trying to implement new training methodologies without adequate sup-
port.

4 Conclusion and Outlook

The presented study provides a comprehensive understanding of the current
state of digital education training among Austrian secondary school teachers.
Integrating quantitative and qualitative data highlights the preferences, motiva-
tions, and challenges educators face in adapting to the new curriculum.

The qualitative mainly enrich the quantitative data by understanding why
specific training modalities are favored – such as the need for practical, rele-
vant training that respects teachers’ time – and what specific aspects of digital
education are valued or seen as lacking. Furthermore, the qualitative comments
offer a narrative of the quantitative findings related to the challenges in training.
While the quantitative data might indicate dissatisfaction or preference trends,
the qualitative data voice specific frustrations, highlighting areas such as cur-
riculum issues, training quality, and shortages of necessary equipment. These
narratives provide context to the numbers, explaining why dissatisfaction exists
and where improvements are most needed.

Still, understanding these connections could help policymakers or adminis-
trators prioritize areas for intervention. For educators and trainers, insights into
the relationship between training quality and additional training burden might
help them design more efficient training sessions that are perceived as less bur-
densome by participants.

In summary, while teachers are clearly enthusiastic about digital education
training, significant barriers need to be addressed. Improving the practical rele-
vance of training, reducing additional burdens, addressing curriculum concerns,
and ensuring adequate equipment are essential steps towards enhancing the effec-
tiveness of digital education training programs for teachers. These improvements
will increase teacher satisfaction and contribute to better educational outcomes
for students.
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Abstract. We report on a process of creating and evaluating a set of
computational thinking (CT) workbooks for use in primary school. This
resource was requested by our teacher feedback group for the structured
teaching of CT. Our workbooks extend tasks from the Bebras inter-
national computational thinking initiative. The process of creating the
three workbook set for different age groups has evolved to use co-creation
with teachers. As an initial step, we created a pilot workbook with ten
lessons for 3rd through 6th class students (approx. 8 to 12 year olds)
from which to gain teacher feedback. A subset of the teachers from our
community of practice (12 participants) volunteered to complete a pilot
questionnaire about what age/class we should focus on, quality of the
content, and whether the workbook was useful for teachers and interest-
ing for pupils. The pilot workbook/questionnaire informed our work on
the three workbook set and the main feedback questionnaire. This paper
details our full process and what we have learned from our experiences
of creating and evaluating new CT resources for primary schools.

Keywords: Computational thinking · Teaching resources · Unplugged
· Primary school · K-12 education · Bebras.

1 Introduction

In 2020, computer science (CS) was introduced as a Leaving Certificate (formal
end of high school state exam) subject in Ireland. Additionally, a short course
in computer programming which requires 100 hours of student engagement, has
been available since 2017 for the Junior Cycle (12 to 15 year olds). However,
despite these subjects in secondary school there is no formal CS curriculum
in primary schools. The organisation responsible for curriculum decisions is the
National Council for Curriculum and Assessment (NCCA). It recognises the need
for computational thinking (CT) [27] and programming to be taught at primary
school level, and although not recommending CS as a full primary level subject,
it does recommend [17] that mathematics and science are the most appropriate
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locations for introducing CS into the classroom. In the most recent Mathematics
primary level curriculum, four processes of how children learn, called elements,
were identified. One element relates to Applying and problem-solving, which has
a reference to students developing and sharing their CT skills [18]. This is in
line with many other countries where CS and in particular CT are embedded in
primary schools [2].

There is no formal CS/CT training for primary teachers, and no CT lessons
in primary school textbooks. However, primary teachers appreciate the value
in teaching CT as an approach to problem solving, either in the context of
mathematics or science, or during teacher discretionary time. Many teachers
believe that it is only a matter of time before CT appears formally on the
curriculum, and they want to get a started early.

Workbooks: Our workbooks, co-created with teachers, extend tasks from the
Bebras international computational thinking initiative [6]. Our project involves
the creation of a set of three CT workbooks for different ages. Each lesson in
the workbook consists of a Bebras-style task, and a “second page”, which is an
additional activity that allows students to practice the particular CT skills illus-
trated with that Bebras task. Each lesson includes comprehensive teacher notes
comprising a lesson plan, sample solutions, differentiation suggestions, extension
activities, curriculum links, and links to CT.

In advance of creating the three workbook set, to understand our audience, we
created a single pilot CT workbook with ten lessons for a broad range from third
to sixth class (approximately 8 to 12 year olds) to get initial teacher feedback. We
collected teacher feedback about what age/class we should focus on, the quality
of the content, was the workbook useful for teachers, and was it interesting for
pupils. We also collected detailed feedback on each of the ten lessons.

Evaluation: CS and CT are not on the primary school curriculum in Ireland.
Therefore, in order to elicit opinions from teachers with as much knowledge
as possible about CT, we invited to take part in our study teachers who had
previously used CT resources that we had created. A total of 264 teachers from
our community of practice answered our call to participate in the study, and
all received printed copies of the pilot workbook for their classrooms. A subset
of the teachers (12 participants) volunteered to complete a pilot questionnaire
for the purposes of determining the suitability of specific tasks for different age
groups, and in order for us to gain experience for the final questionnaire that
asks the main body of teachers to evaluate the workbook.

This pilot questionnaire revealed some interesting results, such as that there
is no universally agreed task that is definitely too easy for any age. Results also
suggest strongest interest from 1st through 6th class for such workbooks. As
a result of feedback, we have adopted a principle of not titling the workbook
with specific ages/levels, due to the wide range of ages where the workbook
can used. The results of the pilot questionnaire informed our work to finalise of
the main feedback questionnaire, for example to include free form questions to
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better capture the range of responses to how well our workbook answers/fulfils
the needs/expectations of the teachers.

In this paper, we report on the process of creating the three workbook set,
the results of the feedback (pilot questionnaire) from the pilot workbook, the
results of the feedback from the associated teacher notes, and what we have
learned from our experiences of creating and evaluating new CT resources.

2 Related work

Workbooks are a key feature in education at primary school level in Ireland.
The central aim of a workbook is to help to create a natural period of thinking
for the students in solving theoretical tasks through reinforcement, practice, and
consolidation. Utami et al. [25] found that the use of a workbook gives benefi-
cial impact on students’ learning since it can be a source of learning in addition
to the teacher’s explanation. These workbooks allow students to understand
material with simple context and various methods of practice [20]. Preliminary
evaluations of a higher education workbook to teach core concepts of computer
programming suggest that it has fostered an interest in practical hands-on ac-
tivities and collaborative work among students [22].

In previous work [12], we documented the co-creation of the teacher notes
(lesson plans). This involved third-level CS academics co-creating resources with
in-service and pre-service teachers during workshops. These teachers tend to have
no prior CS or CT knowledge and thus are newly exposed of the material. One
perceived benefit of pre-service teachers being involved in the curriculum co-
creation process is that they can begin to think and practice differently and a
shift in their metacognitive understanding of learning is often experienced [5,15].

Co-creating motivates learners by increasing their sense of ownership and
engagement in the teaching and learning process [5]. Co-creation and partnership
share many common values, including shared respect, shared decision-making,
negotiation, valuing all perspectives, and shared responsibility [4]. Co-creation
allows learners to develop knowledge and skills through their engagement with
new concepts and through their experiences with staff and their peers [24]. The
co-creation method, rooted in the principles of constructivism [3], which has
links to Piaget’s theory of intellectual development [19], empowers students to
gain knowledge through interactions with an expert who evaluates the differences
between the learner’s existing knowledge and their capacity for learning [26].

Saito-Stehberger et al. [21] suggest that a strong foundation in CT is required
in early education to allow students to develop an instinctive CT perspective of
the world. They note that CT instruction is needed in primary school but it
is hampered by the shortage of teachers qualified in, and interested in CT. In
their work, when modifying a CT curriculum for novice teachers and language
learners, the use of students’ workbooks was seen as critical.

Cognitive load theory [9] acknowledges that meaningful learning occurs when
cognitive processing does not exceed the learner’s available cognitive capacity.
Saito-Stehberger [21] attempted to reduce the cognitive load on learners, when
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Fig. 1. An overview of the whole process of a pilot workbook followed by a three
workbook set. The detail of the process for each workbook 1 through 3 is shown in
Fig. 2.

developing their workbook by making changes around reducing ambiguity and
wordiness, ensuring simpler sentence structure and eliminating unnecessary de-
tail. They also ensured consistent activity sequences and headings were present
throughout, allowing for familiarity to be developed by the learners. The starting
point for our workbooks, namely Bebras tasks, ensure that the cognitive load is
minimal for the child to understand the task, due to the well-established iterative
process involved in creating these tasks [8]. Furthermore, the consistent usage
in the workbook of a Bebras task followed by a second page of related activities
allows children to quickly become familiar with the structure.

CS activities such as the Computer Science Unplugged project [1] have seen
widespread interest from educators worldwide. Besides outreach, such activities
are present in the primary school curriculum of many countries and are recom-
mended in the ACM K-12 curriculum. Many are hands-on activities, but many
are also suitable for direct inclusion in workbooks. Shimabuku at al. [23] pro-
duced a workbook that teaches programming concepts such as a control struc-
ture, a data structure, and an algorithm, using unplugged activities similar to
Bebras tasks. They found that primary school pupils could understand such pro-
gramming concepts using these activities. Learning by doing using workbooks
allows students to learn in a more informal and supplementary fashion, and this
learning by doing paradigm has been shown to be effective in numerous studies
related to CT, including ones by Margaria [16] and Gossen et al. [10].

3 Process of creating and evaluating CT workbooks

Our process of workbook creation and evaluation is shown in Fig. 1. It shows the
production and evaluation of a pilot workbook and a three workbook set. The pi-
lot workbook was produced by our research team without direct teacher involve-
ment (available in electronic form from https://pact.cs.nuim.ie/workbooks). Se-

https://pact.cs.nuim.ie/workbooks
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Fig. 2. The detail of the identical process used for each workbook in the three workbook
set, where the numbering corresponds to the numbered explanations in Sect. 3.

lecting tasks used in the workbook was based on our experience using particular
Bebras tasks during teacher training workshops [12], CT school visits [13], and
feedback from teachers about seasonal CT resources provided online [14]. For
selecting tasks to cover a variety of CT concepts (see Table 1 in the appendix),
we used the set of CT concepts defined for our secondary school resource [11].

Co-creation of our resources was first introduced [12] for the pilot workbook’s
teacher notes (also available from https://pact.cs.nuim.ie/workbooks). Through
involving experts from multiple domains we increased productivity, and have
evolved our process to use it for each subsequent workbook and teacher notes.
The pilot workbook was evaluated by 12 teachers via questionnaires investigating
how they used the resources (results in Sect. 4). This evaluation informs our
development of the three workbook set, and the choice of questions for our final
questionnaire.

The creation and evaluation process for each of the three workbooks in the
set is identical (see Fig. 2) and comprises the following steps:

1. A CS/CT expert pre-selected a superset of tasks based on

– covering a range of CT topics/concepts,
– indirect recommendations from the international Bebras community of

teachers, education experts, and CS experts from the list of tasks selected
for the Bebras challenge in multiple countries,

– reasonable possibilities for an engaging second page in the workbook,
– possibility of variants at different levels of difficulty (to fit tasks at dif-

ferent ends, or for the second page in the workbook), and
– possibilities for a wide variety of extension activities in the teacher notes.

2. The narrative, language, and graphics used in tasks have been carefully pre-
pared by the Bebras community to be easily localisable and translatable.
However, we simplify the language and introduce local features (story, graph-
ics, names of characters) to make it more engaging for local schoolchildren.

3. A diverse cohort of co-creators (primary and secondary pre-service teachers)
is assembled, representative of the target groups for the workbook.

https://pact.cs.nuim.ie/workbooks
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4. These teachers are trained in the topics/concepts of CT so they can dis-
tinguish CT from problem solving techniques such as lateral thinking, pure
arithmetic, and common sense (and other non-mathematical approaches).
The CT concepts covered in the training are documented in [11].

5. The development cycle for the superset of tasks and their second pages begins
with off-line work individually or in pairs, for a group meeting of education
domain experts and computer science subject experts each week.

6. Since co-creators have regular contact with classes during term time, they
are encouraged to try out unpolished versions of tasks and give immediate
feedback that is incorporated into the development cycle. In addition, we
deliver workbook tasks in the course of our regular programme of free CT
school visits throughout the country [13].

7. A subset of the tasks is chosen, based on how engaging they are for children,
and ensuring a range of CT topics/concepts are covered. Then tasks are
ordered, based on difficulty.

8. A comprehensive set of teacher notes is developed by the same co-creation
team. Teacher notes include: lesson plan, sample solutions, extension activi-
ties, an explanation of links to CT topics/concepts (similar to the examples
in [7]), and links to the primary mathematics and science curriculum.

9. A draft of the workbook with the teacher notes is given to a set of in-service
teachers (with and without CT experience) for their feedback.

10. The results from a feedback questionnaire are analysed and documented for
the next workbook. Recommended changes are made to the workbook.

4 Evaluating workbooks

In this section, we present a summary of the responses we obtained from sur-
veying teachers in relation to their use of workbooks. The motivations for the
survey were to uncover how the workbooks were being employed, importance
and suitability of these type of CT lessons for range of classes, quality of the
workbook, was the workbook useful and interesting, and the teacher preferences
for the different lessons. Our aim was to get responses to at least to cover classes
from 3rd through 6th (ages from 8 to 12 years). Twelve teachers responded. They
had used the workbooks with total of 17 classes. The distribution of classes was
from 2nd class of primary school to 1st year of secondary school (ages from 7 to
13 years). This distribution covered our target well. The majority of teachers had
used the workbook with 6th class (for full distribution see Fig. 8 in Appendix).

Importance of computational thinking workbook by age (Fig. 3) The results for
this question show that there was a very clear trend of increasing importance
as students get older. This supports our plan to produce our three workbooks
aimed from 1st class to 6th class. The results indicate significant interest among
teachers, even at 1st and 2nd class. Perceived importance at a very early stage
(infant classes) is not quite as marked, which is understandable. Nonetheless,
the majority of respondents thought this type of workbook was important or
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Fig. 3. How important is it to offer this type of computational thinking workbook to
particular primary school classes, in your opinion?

Fig. 4. We seek your opinions about the computational thinking workbook. Do you
agree or disagree with the following statements?

very important - despite the challenges at that level (reading ability, team-
work/communication skills). This motivates us to create more tailored materials
for these younger classes.

Quality/relevance of workbook (Fig. 4) This series of statements assessed the
perceived quality of the workbook, its capacity to generate more interest in CT,
whether it taught new skills, and how useful it was. Broadly speaking, the results
were positive with over 90 percent of teachers agreeing that the workbook made
them more interested in CT and that they would use similar resources in the
future. Given that CT material is not yet on the curriculum, the responses to
statements such as The workbook supported my teaching support the argument
that CT is useful across many subject areas.

The difference between the responses to the first four statements and second
four statements is interesting. In the main, the first four statements enquire about
the teachers’ opinions of the workbooks as academic resources, while the second
four relate to the workbooks as teaching aids. While the difference is marginal, it
appears there might be scope to improve the workbooks as a teaching resource.

Computational thinking lesson suitability for different classes (Fig. 5) This sur-
vey question was included to help us address the age appropriateness of indi-
vidual lessons within the workbook. The results showed that some tasks were
perceived as being appropriate for a wide range of ages (e.g. Pearl Bracelet,
Passwords), while others were perceived as being suitable for a narrower range
of ages (e.g. Footprints, Car Transportation). Again, it’s worth noting that all
tasks considered as suitable for younger age groups, seem to also be considered
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Fig. 5. Which class would each computational thinking lesson be most suitable for, in
your opinion? (Each teacher selected for one class per lesson.)

as suitable for older students. For other tasks, we suspect that there is a min-
imum threshold age for students to understand the question posed in a lesson,
after which it is useful for all levels. We plan to uncover this in future work with
more refined feedback. In the meantime, this has implications for how we label
the workbook and the associated guidance we provide teachers.

How workbooks were employed Teachers reported using the workbooks in dif-
ferent ways. In response to the open ended question How did you fit these CT
activities into your teaching? teachers reported using the workbook...

– During maths (seven teachers): “problem solving in maths” (×3), “an in-
troduction to maths lessons”, “unlimited maths possibilities”, “mental arith-
metic”, and “Maths Week activity”,

– Outside maths (four teachers): “reading comprehension activity”, “STEM
Club”, “orienteering activities”, “with the Active School notices”,

– Between subjects (six teachers): “morning activity” (×3), “transition activi-
ties between lessons”, “Busy Break”, and “homework”, and,

– As rewards (three teachers): “fun Friday activity”, “reward for good be-
haviour”, and “early finisher activity”.

This shows that although CT is not in the primary school curriculum, its inherent
multidisciplinary nature and link with mathematics (possibly combined with the
versatility of the Bebras task concept), meant that teachers were motivated, and
succeeded, to find ways to fit it into their teaching.

5 Feedback on teacher notes

We sought feedback on the accompanying teacher notes from the teachers who
used our workbooks. These teacher notes were co-created by computer science
and educational experts, and provided common lesson guidelines, focusing on the
pupils’ thought processes when interacting with tasks in the workbook: articulat-
ing the different ways they have solved a given workbook task and reflecting on
their approaches. The notes provide a guide to how a teacher might run the 30 –



68 T. Lehtimäki et al.

Fig. 6. We seek your opinions of the teacher notes for the CT workbook. Do you agree
or disagree with the following statements?

Fig. 7. How useful did you find the following sections of the teacher notes?

40 minute lessons (e.g. pupils working in pairs with the teacher as a facilitator)
with associated recommended timings: on introducing the tasks; on the time
spent solving the tasks (pair-work encouraged); on additional extension tasks
(pair-work encouraged); on teacher-led class discussion where selected pairs can
explain how they solved the task to the whole class; on comparison of answers
and strategies and on guided questioning to lead a class discussion.

The 12 teachers that provided feedback on the workbooks also answered a
questionnaire on the teacher notes. We discuss the responses below.

Opinions on CT workbook teacher notes (Fig. 6): In this figure, we show the
teacher opinions of the accompanying teacher notes for the CT workbook. We
see that at least 70 percent of teachers agreed that the teacher notes made them
more interested in including computational thinking in their teaching, that the
content was well written and of good quality, and that the teacher notes were
useful for their teaching. Over 60 percent of teachers indicated that they learned
something new from the teacher notes.

Teacher notes utility (Fig. 7): This figure shows the responses regarding the
utility of each section of the teacher notes. All sections were deemed useful
or very useful by over 70 percent of the teachers, with the section describing
the connection of the task to computational thinking, the explanation of the
answer, and the suggested extension activity reported as very useful in over 60
percent of responses. The weaker positive aspects were timing guidelines and ties
to curriculum. Timing guidelines may need further refinement, given the wide
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range of ages the workbook is being used at. The issue of ties to the curriculum
is a natural one, given the current status of CT in the national curriculum.

Extension activities (for details see Fig. 9 in Appendix): In this question, teach-
ers reported on the extension activities that they did, or that they plan to do
later. Responses indicate that teachers engaged with the extension activities in
all tasks, with at least half engaging immediately with extension activities for
four lessons and over 70 percent of teachers planning to engage with all ten
lessons. This concurs with the extension activities being reported as being very
useful in Fig. 7. Overall, from the responses, we conclude that the teacher notes
(especially the answer explanations and extension activities) provided significant
added value.

6 Conclusions and future work

Over the last four years, we have been refining a process which we feel would be
useful to the wider community for generating and evaluating CT resources, such
as workbooks. There are a number of central aspects to the process such as the
key role that co-creation with teachers plays in the success of these resources,
and the need to incorporate feedback into the process. Certainly, some aspects
may be unique to our situation, such as the lack of CT in the primary school
curriculum. Involving teachers in the co-creation process was invaluable, but not
at every stage; we found that in the initial problem selection phase, working
exclusively with CT experts was more valuable to get a good cross-sectional
representation of CT tasks, as is documented in the appendix in Table 1.

Feedback and evaluation, as would be expected, are critical parts of our pro-
cess. Some valuable nuggets of information have been uncovered. For example,
it seems that no tasks are considered by teachers to be unsuitable for older age
groups of students (i.e. no tasks are too simple). This has implications in terms
of how we title and promote the set of workbooks. There is also quite a varia-
tion in which tasks are preferred by teachers, with some tasks eliciting a strong
preference either positively or negatively, and others not. This deserves further
exploration in the next iteration of the feedback questionnaire.

Our workbooks were used with 17 classes from 2nd class of primary school to
1st year of secondary school. It was interesting to see that teachers’ opinions on
the workbook (e.g. Fig. 4 and Fig. 6) were very similar despite the wide range
of classes the workbook was used with.

Our co-creative process to developing suitable CT classroom and supporting
materials has been successful. Buy-in from teachers is a natural result of the
process and is evidenced by their wide range of uses for the materials in the
classroom. Maintaining a feedback channel from teachers as they employ these
materials in the classroom is a valuable component, allowing us to evolve our
existing material and generate new material that teachers will find useful and
have a sense of ownership over. This combination of co-creating materials and the
establishment of long-term feedback channels alongside is an approach we have
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found extremely effective, and would recommend to practitioners with similar
goals to ours.
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A Appendix

The selection of tasks in our workbook hits a broad range of CT concepts, as
shown in Table 1. The age distribution of the classes that used the workbook
in this study is shown in Fig. 8. The reported usage of extension activities by
teachers for different lessons is shown in Fig. 9. Finally, a sample lesson from the
workbook, and associated pages for the lesson from the teacher notes, is shown
in Fig. 10.

Table 1. Representation of CT concepts in the tasks used in the workbook.

Decom- Pattern Repre- Abstrac- Algo- Eval- Gener-
Task position recogni- senta- tion rithms uation Logic alisation

tion tion
Pearl bracelet x x x
Passwords x x x
Collecting nectar x x x
Beaver code x x x
Dream dress x x x x
Beehive x x x x
Throw the dice x x x
Balls x x x
Car transportation x x x x
Footprints x x x

Fig. 8. What classes were the workbooks used with? The numbers in each segment
specify how many classes of that age group used the workbook.
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Fig. 9. Which extension activities did you do, or do you plan to do later?

Fig. 10. Sample lesson "Dream Dress" with the associated teacher notes.
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Abstract. It is widely recognized in educational research that the acquisition of 
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teaching approach are key to the learning process. Our research has focused on the 

learning characteristics of 9-14 year olds, with particular attention to the importance 

of empirical experience at this age. We identified a number of pedagogical methods 

in the literature that promote the learning effectiveness of this age group, including 

the "CS Unplugged" for teaching computer science, which aims to provide instruc-

tion without digital tools. Furthermore, in our survey of six countries, we found that 

unplugged methods are widely used in lower grades (grades 3-4), but are less com-

mon in grades 5-8, which may limit students' understanding of the interrelationships 

between systems. 

 

Keywords: Algebraic Thinking, Computational Thinking, STEM education, empir-

ical experience, National Curriculum. 

1 Introduction 

Nowadays, the labor market is defined by digital transformation, industry 4.0, and AI, so 

it requires well-educated IT professionals. It is confirmed by several sources [21], for in-

stance, a search on the internet for the most popular or in-demand IT positions [19]. The 

substantial evolution of Information Technology (IT) manifests a discernible impact on 

the realm of education. These specialists are trained in Computer Science programs at 

universities, and the common, essential part of their skills is Computational Thinking, 

which interacts with Algebraic Thinking. In a different approach, the STEM umbrella 

terms were used in the early 1990s for the science, technology, engineering, and mathe-

matics subjects. This new term was reasoned by the importance of the subject behind 

STEM, which education specialists recognized. Computational Thinking (CT) and Alge-

braic Thinking (AT) are essential parts of STEM subjects, so the development of AT and 

CT helps in learning STEM subjects. The escalating demand for professions necessitating 

competence in scientific knowledge coupled with IT proficiency requests a paradigm shift 

in education, the cultivation of proficient professionals shouldn’t be confined to the uni-

versity level; rather, the initiation of developmental processes at an early age is imperative. 

These reasoned the creation of CT&MATHable project, which investigates the ways of 
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CT and AT development at primary school, with the finance of Erasmus+ by the EU [6]. 

The project examined how the national curriculum develops CT and AT components in 

each country, what are the common parts and characteristics, and how teaching AT and 

CT components can be improved. Based on the curricula analyses, qualitative research, a 

workshop, and a small-size quantitative research this article points out, that experiential 

learning, empiric practice, and craft activities are important parts of a primary school's 

math and digital culture education. 

2 Concepts 

Computational Thinking (CT) is an educational expression by Seymour Papert [13], who 

developed the Logo educational language and it was popularized by Jeanette Wing [20]. 

Nowadays, several approaches and definitions of CT describe the concept. Based on our 

interpretation CT is a cognitive skill set essential for problem-solving and navigating the 

complexities of the digital age. Computational Thinking transcends coding proficiency, 

emphasizing logical reasoning, abstraction, and algorithmic problem-solving applicable 

across various disciplines.  

In math education, Algebraic Thinking (AT) is as important as Computational Thinking 

is in computer science. AT is a specific part of mathematical thinking that focuses on 

understanding and manipulating variables, expressions, and equations, while Mathemati-

cal Thinking is an encompassing skill such as problem-solving, logical reasoning, abstrac-

tion, generalization, recognizing, and applying mathematical concepts, structures, and re-

lationships in various contexts. AT is also an educational concept, and its origin is not so 

clear. The history of math and algebra is measurable in millennia, however, the education 

methodology was strengthened only in the XX. century, so the concept of Algebraic 

Thinking appeared in the middle of the last century in published articles. More relevant 

are the ones published after the 1990s, when AT can be compared with CT. Based on the 

works of Lins [12], Kieran [9], Kriegler [10], Stramel [15], Blanton, and Kaput [4], we 

understand the components of AT as the following: Relational thinking, which contains 

equality, and inequality; Pattern recognition, which is part of most learning processes; 

generalization, and its base, abstraction; numbers and operations; mathematical language, 

which includes symbols; and problem-solving. 

Algebraic Thinking helps students with the skills to solve abstract problems and the 

development of mathematical intuition. Understanding symbolic representations, equa-

tions, and algebraic structures enhances the cultivation of analytical thinking and problem-

solving skills. The synergy between Computational and Algebraic Thinking is particularly 

relevant in educational contexts. 

The expression Learning path has several meanings that should be clarified. The most 

frequent usage of this expression is the flexible learning paths of Learning Management 

Systems (LMS). The role of the Learning path is important for instance in the case of 

flexible lifelong learning requires comparability and exchangeability of courses, pro-

grams, and other types of learning actions both in a national and international context. 

Another frequent usage of the learning path expression occurs the special needs students, 

in the case of gifted or dropped out, who need individual learning paths based on their 
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special skills or the lack of the proper skills. Learning path expression can be used to 

evaluate the different schools within a national school system, by tracking the way of stu-

dents. A third meaning of the learning path expression is the possible teaching ways and 

the topic order in the curriculum. Which topics are in the curriculum, what is their order, 

and how can teachers build the syllabus of a given class topic by topic for the best learning 

outcomes? In our context, we used Learning Path (LP) in this last meaning. 

Experiential education is a philosophy of education that describes the process that oc-

curs between a teacher and student and infuses direct experience with the learning envi-

ronment and content. This concept is distinct from experiential learning, however experi-

ential learning is a subfield and operates under the methodologies associated with experi-

ential education [8]. Experience is an important part of everyday life nowadays, like user 

experience in application development, customer experience in marketing communica-

tion, and gamification in human resource development. And it is an important part of pub-

lic education. 

Since the 1990s, the concept of Computer Science Unplugged (CS Unplugged) has 

been actively pursued by professionals. The pioneers of this initiative were Tim Bell, Mike 

Fellows, and Ian Witten, who first explored the topic. It quickly caught on, resulting in the 

collection "Computer Science Unplugged: off-line activities and games for all ages", 

which has been translated into more than 20 languages [7]. The effectiveness of the 

method has been demonstrated in numerous studies, and one of its key advantages is that 

it can be used in teaching and learning with little or no prior knowledge [3]. While in the 

90's the main benefit was practicing without computers as there were not enough comput-

ers, nowadays it helps students to learn to make decisions about whether they need a com-

puter to solve a given problem or not [16]. 

3 Method and process 

The researchers of 8 universities form the project team from the participant 6 countries 

and their investigation focuses on education, from grades 3 to 8. The second work process 

explored the common parts of current learning paths in 6 countries' curricula of math and 

informatics curriculum. The structure of national curricula is different, so for comparison, 

the curricula had to be consolidated during the processing. The result is that 31 math and 

12 informatics topics were defined based on the six countries' curricula. The summarized 

curriculum list was analyzed statistically and by content, but these analyses are limited 

because only the curriculum topics were analyzed and the number of hours each topic is 

taught was not part of this analysis. The statistical analyses confirmed the national curric-

ula are similar, the rate of common topics is over 80 percent. The content analyses ex-

plored the main learning paths which are characterized by the repetition of topics at an 

increasingly higher level. 

In-depth interviews were made among math and informatics teachers regarding their 

daily practice of education. As an exploratory methodology, it drove the team's attention 

to the empiric experience. Using the results of qualitative research a workshop was orga-

nized, where the participants met several empirical, craft exercises, which develop 
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algebraic and computational thinking. At the end of the workshop, teachers responded to 

a questionnaire, that was analyzed as quantitative research. 

4 Results 

The results of statistical analyses were presented at The 16th International Conference on 

Informatics in Schools (ISSEP 2023) [14].  

The content analysis confirmed there is no relevant difference among the country cur-

ricula regarding the foundation of math. Math education starts with playing, when the 

students stack, sort, group, and classify simple but distinguishable objects. These playful 

experiences prepare the students to the language of mathematics and to learn the basic 

concepts. The categorization, comparison, problem solving, and sort topics are covered by 

this introductory and foundational process, as well as the relations and relationships that 

introduce student to relational thinking and problem-solving.  

The process of education is similar in the case of other topics in lower grades. For the 

geometry and measurements introduction is also required the presentation objects, like the 

using of poligons, and polyhedrons or weights and measuring cups. Students take in their 

hands these objects to get the necessary experience and empirical knowledge during the 

craft activity. 

There were involved five teachers into the in-depth interviews, two from lower-primary 

schools, two from higher-primary school and a teacher from secondary schools. The re-

spondent teachers from lower-primary school emphasid that the arithmeti-cal skills require 

more time and more practice. When the students have an established arithmetical skill, 

then they can explore the relations, patterns and they can generalize. Further information 

is that subtraction is a difficult operation that requires more attention, multiplication 

should be approached from the point of view of number sequences, multiplication with 7 

is hard for students, and the multiplication table must repeat in every autumn. The lack of 

experience and concept knowledge blocks the learning of units of measurement. Life has 

changed, several students arrive at school by car, and they don't walk to the corner shop 

to buy a half kilogram of bread with cash, so they don't have a concept of distance, weight, 

or coins. So, this topic also requires a lot of illustration tools, experience, and practice. 

Additionally, one respondent teacher highlighted the students avoid the thinking and cal-

culation process, and they would like to fill out only multiple-choice tests. These results 

also drove attention to the importance and necessity of craft, and empirical practice in 

education. 

The workshop aimed to showcase the ongoing project's partial results to the teachers, 

it promoted the existing system and gave an opportunity to the teachers to try it out and 

give adequate feedback regarding the state of it at the time of the test. The connected 

presentations aimed to demonstrate the structure of the project and showcase the possible 

usage of the developed program within the educational possibilities. A demo was prepared 

with a set of tasks in the ViLLE system [17], in which each task showed the types and 

possibilities of the tasks to be created, in addition to the possibilities and diversity of the 

system. Finally, the partners and the teachers could test the small beaver task-based com-

petition with unplugged activities, a highlight of the event, aimed to engage participants 
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to help develop their algorithmic thinking in a fun way. Participants navigated through 

several stations, each adorned with colorful and interactive beaver tasks, that were requires 

craft activities, challenging their creativity and problem-solving skills. Alongside these 

activities, engaging sessions with micro:bits added a modern twist, offering hands-on ex-

ploration of coding and electronics. The participating teachers were very motivated by the 

playful craft, and practical exercises presented at the workshop. 

 

 

Fig. 1: Respondents' demography distribution by age (n=71) (Source: Own research.) 

The questionnaire of quantitative research was filled out by 71 teachers. Most of the 

teachers were between 40-60 years old (52%) (Fig. 1) – as represented in the Hungarian 

national education system as well, they teach informatics and math (47%). Most of the 

teachers (42%, 48%) teach the oldest students (classes 9-10 and 11-12). 90% of the teach-

ers use project-based methods in their education and approximately 84% work with their 

students on more complex tasks related to everyday life. The ViLLE system presented 

tasks with more and less interactivity. The teachers typically use drag&drop, pairing tasks 

in their education, however appr.50% use all kinds of the shown interactivities. The most 

commonly used are Learning apps, Canva, Kahoot, Redmenta and Mentimeter. 

 

 

Fig. 2: Percentages of the answers of the questions: How important do you find AT. (n=71) 

(Source: Own research.) 

We asked the teachers how important they find such a project in their everyday educa-

tion and the education system. They agreed, totally agreed with the importance of such a 

project not only in their education but in the whole educational system (Fig. 2). Most of 
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the teachers received some new information about Algebraic Thinking (44% totally agreed 

and 44% agreed with the statement). Only 4 teachers (6%) thought they could not use what 

they saw here in their teaching process. The others also saw opportunities in the IT un-

plugged activities and the playful ViLLE tasks  

● to combine maths and IT,  

● to make students thinks, and  

● to approach everyday problems. 

The further details of quantitative research focused on math topics and their relevancies, 

which explored the students' difficulties and mainly confirmed the results of qualitative 

research. 

5 Craft Activities in Computer Science Education 

As this project research is confirmed, the empirical, craft activities are general in math 

education at lower grades. Based on teachers' opinion it must be extended to higher grades 

at least at the introduction of new topics. Children like playful practices and they are mo-

tivated if the teacher sometimes interrupts the frontal teaching and starts a craft activity to 

get empirical experience in the classroom.  

Similar to math teaching, the begining of IT education contains some introductory ac-

tivities, that prepares students to the learning IT. There are several available CS unplugged 

tasks and activities, that don't require a computer and motivate students with their playful 

implementation. The CS unplugged websites [5] for primary school students, and a pub-

lished book [18] for secondary school students. In addition, the tasks of Bebras Challenge 

[1] are also useful and widespread in public education. 

This method effectively supports offline understanding of concepts, contexts, and pro-

cesses related to computer science. It does not require digital tools, so it reduces costs, but 

also makes it more widely accessible and applicable. 9-10-year-olds respond particularly 

well to playful learning methods, which help them to understand concepts and contexts 

more easily and keep them motivated. For this age group, conceptualization is often done 

through the analysis of concrete factual material. Sensory experience is also key, as it 

allows children to experience, explore, and perceive processes. Although the factuality of 

sensory experience can sometimes be questioned, the tools can also be used to illustrate 

real-world problems, which also promotes deeper understanding. Using computer appli-

cations can also open up possibilities that would not exist in the real world or would con-

tradict physical laws [11]. The advantages of the CS Unplugged method can be observed 

here as well. The learning is done through active participation and simulation of processes, 

from the creation of tools to their use. These are small, easy-to-produce, and cost-effective 

tools that are available to students after class and can be used at home [2]. Visualizing and 

re-enacting the processes gives students the opportunity to gain a deeper understanding. 

Tasks can also be combined with extra-curricular activities to increase students' motiva-

tion and promote deeper learning. 

In addition, several CS unplugged tasks are suitable to support math education in higher 

grades. The introductory and practice of numeral systems, place value systems, especially 

the binary system, or mathematical logic are supported by CS unplugged tasks. 
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6 Sample exercises 

The sample tasks present the new kinds of unplugged activities that were developped by 

project team, each exercise an age group. These tasks are applicable to develop both think-

ing skills, either Computational Thinking or Algebraic Thinking. 

6.1 Task 1st for grades 3-4 

The name of the game: Trueball 

Topic: logic in math and informatics 

Necessary device(s): ball 

Teacher instructions:  

• Tell a statement and throw the ball to one of the students.  

• The student needs to define the truth value of the statement (telling “true” or 

“false”). Then the student tells a statement and throws the ball to another student.  

• etc. 

The statements need to be clearly defined and include information that all students 

know. Teachers can use a special topic (like geometry, numbers, or any other topic from 

other subjects). A further variation is when the statements need to include “all”, “exists”, 

“not”, and “non of” expressions, based on the age group’s need. 

6.2 Task 2nd for grades 5-6 

The name of the game: Binary Boats (based on the Bebras task 2013-JP-04) 

Topic: Number system, digits, numbers in math, data representation in informatics 

Necessary device(s): lego, or small paper boxes (Fig. 3). 

Teacher instructions: 

• Build small boats for 8, 4, 2, and 1 figure(s) (“person”) from, for example, legos, 

or paper boxes (fig. 4.) 

• Take 1-15 figures at a time. The students need to arrange the figures into the boats 

by following two rules: 

a) All figures need to be in a boat. 

b) If at least one figure is in one boat, all places in that boat need to be filled 

with figures i.e. the boat needs to be full. 

c) You can give some hints: “Start with the biggest boat that can be full.” 

• Continue the activity with several numbers of figures. 
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Fig. 3: Percentages of the answers of the questions: How important do you find AT? 

Discuss the idea of the number systems and how they can improve the boats using 

another number system. 

A variation of this task is applicable to practice other number systems. 

Necessary device(s): Cards and pen 

Teacher instructions:  

• Prepare cards with dots: 1, 3, 9. 

• Give two cards from each one (6 cards at the end) to each student and tell a num-

ber from 0 to 26. 

• The students need to put the cards face up having as many dots as the number. 

• Discuss the solution: 

a) Which strategy was used? For example, starting with the card with the most 

dots. 

b) How many cards were used? 

c) Why don’t students have the 3rd card? 

• Continue with a new number! The students can also tell the numbers. 

6.3 Task 3rd for grades 7-8 

The name of the game: String around nails (based on the Bebras task 2013-JP-04) 

Topic: Measurements and units in math, graph, the shortest path in informatics 

Necessary device(s): boards, nails and string 

Teacher instructions:  

• Give boards with 10-15 nails and a string for each group. Nails can be hammered 

into the board randomly. 

• Mark the starting point or students can decide the starting point themselves. 

• Hand out the boards and ask the students to find the shortest route possible. The 

route has to go around each nail and return to the starting point.  

• After the students have tested a route, they place a mark on the string to indicate 

the total length of the route — this way they can recognize which route is the 

shortest. 
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6.4 Task 4th for grades 9-12 

The name of the game: Book searching 

Topic: Numbers theory, LCM, GCD, power, root in math, search in informatics 

Necessary device(s): Blank covered book 

Teacher instructions: The first time the books are in unsorted order, and students must 

find a given book, while the cover doesn't contain info. The second time the books are in 

sorted order and the task is the same. Students count the number of trials before find the 

given book. The teacher helps to find the proper strategies for both cases, and students 

make a statistical analysis to approach the number of steps, finally, they define the right 

expressions for the number of steps. 

The tasks presented were carried out with students from grades 3-8, who took part in 

the Bebras competition results ceremony on 1 June 2023 in Budapest. The students under-

stood the tasks easily and could solve them correctly with minimal help. In their opinion, 

the tool-supported solutions seemed simpler, more transparent and easier to understand 

than the classical school solutions. By this I mean that few demonstration tools are used 

in usual classroom work. 

7 Conclusions 

The project team compared the mathematics and IT curricula of the six countries during 

the second phase of work. The consolidation pointed out there is no relevant differences 

among national curricula, 31 mathematics, and 12 IT topics were identified and analyzed 

statistically and content-wise. The analyses confirmed that the curricula are more than 

80% similar and that the learning pathways are characterized by an increasing repetition 

of topics. Through in-depth interviews and workshops, we collected empirical data on 

teachers' teaching practices and conducted a quantitative analysis of teachers' feedback in 

Hungary. The teaching methods are based on playful learning, which promotes a deeper 

understanding of concepts and contexts. Teachers stressed that developing arithmetic 

skills requires more practice and that students find it challenging to master subtraction and 

multiplication tables. 

The importance of craft activities and empirical experiences was highlighted to rein-

force conceptual knowledge. The workshop aimed to showcase the partial results of the 

project, giving teachers the opportunity to test the system and provide feedback. The un-

plugged exercises were a great success, with teachers unanimously saying that the hands-

on, testable, and visual learning method promoted and facilitated understanding. It con-

firmed the aim of CT and AT development. Both are a cognitive function as a thinking 

method, to gain these abilities the playful activities and the everyday experience are im-

portant. 

It is clear from our research that this is an issue that needs to be addressed seriously, as 

we are facing almost identical problems in the countries we are studying. The transfer of 

unplugged methods to higher grades could lead to results. In this research, we have not 

yet obtained concrete results on this, so it is a further task for this project. 



P. Sarmasági et al.   83 

 

8 References 

1. Bebras Computing Challenge, https://www.bebraschallenge.org/, last accessed 2024/05/30. 

2. Bende, I.: Algoritmusoktatás online oktatási rendszerben. Infodidact 2019, pp. 13-22. (2020). 

3. Bell, T., Witten, I. H., Fellows, M.: Computer Science Unplugged... off-line activities and 

games for all ages. (1998), https://classic.csunplugged.org/documents/books/english/un-

plugged-book-v1.pdf, last accessed 2024/06/27. 

4. Blanton, M.L., Kaput, J.J.: Functional Thinking as a Route To Algebraic Thinking. In: J. Cai, 

E. Knuth (ed.) Early Algebrization. Springer (2011). 

5. CS Unplugged (2024), https://www.csunplugged.org/en/, last accessed 2024/06/01. 

6. CT&MathAble Homepage (2024), https://bebras.ehu.eus/CT&Mathable/Index.html, last ac-

cessed 2023/05/19. 

7. Duncan, C., Bell, T.: A Pilot Computer Science and Programming Course for Primary School 

Students. Association for Computing Machinery. WiPSCE '15, pp. 39-48. (2015). 

8. Experiential Education. Wikipedia (2024), https://en.wikipedia.org/wiki/Experiential_educa-

tion, last accessed 2024/06/03. 

9. Kieran, C.: Algebraic thinking in the early grades: What is it. The Mathematics Educator, 8(1), 

(2004). 

10. Kriegler, S.: Just what is algebraic thinking? (2008), https://currikicdn.s3-us-west-2.amazo-

naws.com/resourcedocs/54d281a1d8bbd.pdf, last accessed 2023/05/27. 

11. Lénárd, A.: A digitális környezet következményei és lehetőségei kisgyermekkorban. Is-

kolakultúra, 29(4-5), pp. 99-114, (2019). 

12. Lins, R.C.: A framework for understanding what algebraic thinking is. University of Nothingen 

(1992), https://eprints.nottingham.ac.uk/13227/1/316414.pdf, last accessed 2023/05/27. 

13. Papert, S.: An exploration in the space of Mathematics Education, International Journal of Com-

puters for Mathematics, 1(1), pp. 95-123. (1996). 

14. Pears, A., Bilbao, J., Dagienė, V., Gulbahar, Y., Margithy-Brecht, A., Parviainen, M., Pluhár, 

Zs., Sarmasági, P.: Integrating Computational Thinking with Mathematical Problem Solving. 
In: Pellet, J.-P., Parriaux, G. (eds.): ISSEP 2023 Local Proceedings, pp. 189–192. (2023). 

https://doi.org/10.5281/zenodo.8431989 

15. Stramel, J.: Mathematics Methods for Early Childhood. FHSU Digital Press (2021). 

16. Sysło, M.: Computer Science Education with a Computer in the Background In: Pellet, J.-P., 

Parriaux, G. (eds.): ISSEP 2023 Local Proceedings, pp. 89–101. (2023). 

https://doi.org/10.5281/zenodo.8431926 

17. Ville Learning Analytics, (2024), University of Turku https://en.learninganalytics.fi/ville last 

accessed 2024/06/01. 

18. Vöcking, B., Alt, H., Dietzfelbinger, M., Reischuk, R., Scheideler, C., Vollmer, H., Wagner, 

D.: Algorithms Unplugged. (2011). https://doi.org/10.1007/978-3-642-15328-0 

19. White, S.K.: The 15 most in-demand tech jobs for 2024 – and how to hire for them. CIO, 5. 

January, (2024), https://www.cio.com/article/230935/hiring-the-most-in-demand-tech-jobs-

for-2021.html, last accessed 2024/05/30. 

20. Wing, J.M.: Computational thinking, Communications of the ACM, 49(3), pp. 33-35. (2006). 

21. World Economic Forum, Future of Jobs Report 2023 (2023), https://www.weforum.org/re-

ports/the-future-of-jobs-report-2023, last accessed 2024/05/22. 

https://www.bebraschallenge.org/
https://classic.csunplugged.org/documents/books/english/unplugged-book-v1.pdf
https://classic.csunplugged.org/documents/books/english/unplugged-book-v1.pdf
https://www.csunplugged.org/en/
https://en.wikipedia.org/wiki/Experiential_education
https://en.wikipedia.org/wiki/Experiential_education
https://currikicdn.s3-us-west-2.amazonaws.com/resourcedocs/54d281a1d8bbd.pdf
https://currikicdn.s3-us-west-2.amazonaws.com/resourcedocs/54d281a1d8bbd.pdf
https://eprints.nottingham.ac.uk/13227/1/316414.pdf
https://en.learninganalytics.fi/ville
https://www.cio.com/article/230935/hiring-the-most-in-demand-tech-jobs-for-2021.html
https://www.cio.com/article/230935/hiring-the-most-in-demand-tech-jobs-for-2021.html
https://www.weforum.org/reports/the-future-of-jobs-report-2023
https://www.weforum.org/reports/the-future-of-jobs-report-2023


Designing a Computational Thinking Intervention
for Kindergarten Students

Tobias Bahr[0000−0002−0766−9992]

Institute of Educational Science, University of Stuttgart, Stuttgart 70174, Germany
bahr@ife.uni-stuttgart.de

Abstract. In recent years, the emphasis on Future Skills–such as Com-
munication, Critical Thinking, Creativity, Cooperation, and Computa-
tional Thinking (CT)–has significantly increased in K-12 education, as
these skills can empower students to understand new phenomena that
shape society. Various countries are striving to provide students with
learning opportunities to acquire these skills starting in early childhood
education. However, the state of research on the implementation of CT
in educational settings by teachers, the effectiveness of piloted educa-
tional materials, and the outcomes of teacher training programs remains
limited, especially in early childhood education compared to other K-12
age groups. This work-in-progress paper1 presents an overview of related
work on CT in early childhood Computer Science education, describes
an intervention, and concludes with an outlook on the implications of
the findings and potential future directions.

Keywords: Computational Thinking · Computer Science Education ·
Kindergarten · Early Childhood Education

1 Introduction

In addition to the disciplinary computer science (CS) skills that students should
acquire, as recommended by several expert groups [6], interdisciplinary skills
such as future skills [10] have gained increasing importance in recent years [23,
10]. These skills include problem-solving, critical thinking, creativity, coopera-
tion, and communication (the 4 C’s) [23, 10], as well as Computational Thinking
(CT) [39]. Several countries, including the USA and England, have implemented
CT learning opportunities in CS curricula to foster these skills in early childhood
education [17, 31]. Initial research indicates that CT interventions can provide
students with the opportunity to acquire these aforementioned skills [31, 11,
38]. However, whether and how these learning opportunities are implemented in
kindergartens remains an under-researched area [31, 15, 18]. Ultimately, it is up
to kindergarten teachers to integrate these learning opportunities [18, 15].
Numerous literature reviews have explored Computational Thinking (CT) within

1 This work was funded by the TÜV SÜD Stiftung (project number:
S212/10079/2024).
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the context of early childhood Computer Science Education (CSE), highlighting
the challenges in selecting appropriate learning opportunities and tools [34, 1,
42]. Su and Yang [34] emphasized the necessity of age-appropriate CT inter-
ventions. Bati [1] suggested that unplugged CS activities (without a robot [18])
may be more effective in developing students’ CT skills compared to plugged-in
activities. Zeng et al. [42] indicated that research predominantly focuses on CT
concepts. This work-in-progress paper aims to contribute to the literature by
presenting potential CT learning opportunities and an intervention informed by
related research and experts in early childhood education (ECE). The paper con-
cludes with a discussion of future research directions for CT in early childhood
CSE (EC-CSE).

2 Theory

According to Wing [37], CT is a fundamental skill that spans several disciplines,
including computer science. Various definitions of CT exist and vary depending
on the context [32, 8]. Eickelmann et al. [13] describe CT as the ability to identify
and model a real-world problem, break it down into several parts, and develop a
solution that can be understood and applied by a person or a computer. Based
on this and other definitions, CT can be described by the following facets, as
outlined in a literature review by Shute et al. [32]: decomposition, abstraction
(data collection and analysis, pattern recognition, modeling), algorithms (al-
gorithm design, parallelism, efficiency, automation), debugging, iteration, and
generalization. Furthermore, Dagienė et al. [9] provided criteria for categorizing
CT tasks: CT1: Abstraction (Removing unnecessary details; Spotting key ele-
ments in problem; Choosing a representation of a system), CT2: Algorithmic
thinking (Thinking in terms of sequences and rules; Executing an algorithm;
Creating an algorithm), CT3: Decomposition (Breaking down tasks; Thinking
about problems in terms of component parts; Making decisions about divid-
ing into sub-tasks with integration in mind, e.g. deduction), CT4: Evaluation
(Finding best solution; Making decisions about good use of resources; Fitness
for purpose), CT5: Generalisation (Identifying patterns as well as similarities
and connections; Solving new problems based on already-solved problems; Uti-
lizing the general solution, e.g. induction). Similar categorizations exist such as
the one from Brennan and Resnick [5] and Su and Yang [34]. However, those did
not involve expert feedback from the bebras community from several countries
[9].

3 Related Work

A recent literature review on CT in EC-CSE [12] identified the Bee-bot [31],
ScratchJr [24], and KIBO [22] as the main educational tools used in recent stud-
ies. Zeng et al. [42] found in their literature review in the same context that the
CT framework of Brennan and Resnick [5] provides a good basis for CT curricula
in EC-CSE. Another finding was that research on CT concepts dominates over
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CT practices [42]. The literature review by Bati [1] found that unplugged activi-
ties might yield a favourable outcome regarding children’s CT skills. Su and Yang
[34] found that children can develop future skills such as communication, col-
laboration, and problem solving from CT learning opportunities. Furthermore,
the results of their literature review indicate the lack of valid assessment instru-
ments, and they identify the challenge of selecting appropriate learning tools
[34]. This work-in-progress report tries to fill that gap with the explicit search
for learning opportunities in the context of CT in EC-CSE, briefly discussing
the operationalization of CT interventions and suggesting one. For this, the 17
papers included in the literature review [34] with empirical experiments in ECE
were analysed.

3.1 Learning opportunities

All CT interventions had a duration between two and 13 sessions [31, 18, 34]
with one exception (three weeks [26]). Another result analyzing the learning op-
portunities was that interventions with multiple sessions were around 30 to a
maximum of 90 minutes long per session [18, 34]. Six studies incorporated initial
unplugged sessions followed by sessions using an educational robot (e.g., the Bee-
bot) [18, 7, 29]. Eleven studies used educational robots or SratchJr directly [34].
According to Kim et al. [18], early childhood CT learning opportunities should
emphasize a holistic experience with more exploration and play than instruction
and focus on fostering a growth mindset as well as communication. Several ed-
ucational tools and platforms have been used to foster kindergarten students’
CT skills, namely the Ozobot, the Bee-bot [31], LEGO® robotics kits [4], the
Cubetto [19], Bebras tasks [40, 35], the KIBO kit [2], CHERP [4], and Kodable
[25], according to the literature reviews [12, 42, 1, 34]. While ScratchJr and other
programs allow kindergarten students to create their first programs on their own,
the literature reviews and studies in the field of EC-CSE suggest starting with
unplugged activities and robots [18, 12]. Educators and researchers alike consider
the Bee-bot an adequate educational robot to foster students’ CT skills at an
early age [31, 5]. Furthermore, it can be used in versatile situations (drawing
shapes and moving objects) and can be included in other STEM subjects such
as mathematics as well [31].

3.2 Operationalization of CT skills

Several CT tests have been adapted for K-4 CSE and were piloted or validated,
such as the Computational Thinking Test for Beginners (BCTt) (25 items, 45
min, 1st and 2nd grade students, Cronbach’s α = .82) [41], the adapted Com-
putational Thinking Test (CTt) (21 items, 20 min, 1st to 4th grade students,
Cronbach’s α = .637) [36], the competent Computational Thinking Test (cCTt)
(25 items, 20 min, 3rd and 4th grade students, Cronbach’s α = .85) [14], and the
TechCheck-K (15 items, 25 min, kindergarten students, Cronbach’s α = .87) [27,
21]. Only the latter was piloted and validated with students in kindergarten [27,
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21] and, according to the authors, does not require prior programming knowl-
edge. Hence, the TechCheck-K could be favoured for kindergarten CSE. As out-
lined in the limitations by the cited CT test publications, CT tests mainly mea-
sure CT skills and partly computational practices [36]. Therefore, video analyses
and reported observations during a CT intervention in kindergarten could addi-
tionally be used to assess students’ CT processes [18, 31, 3, 33].

4 The intervention

Based on the related work found in the literature and after discussing the ex-
isting learning opportunities with experts from the field of ECE (duration, fea-
sibility [29], hardware limitations [4], teacher training [15], appropriate number
of students in groups [31], age group [7]), the following intervention is proposed
and visualized in Figure 1. The concept consists of nine 60-minute CT sessions
with an active learning time around 30 minutes. The duration was deemed ad-
equate as other interventions in the same context chose a similar length [40,
20, 34]. First, unplugged learning opportunities are provided to the students [7],
beginning with a cake recipe written using symbols [30] created collaboratively
in groups. Continuing with real-world contexts, the second activity allows stu-
dents to create their route to the kindergarten with programming steps (with
cards) and communicate it. Unlike the structured cake recipe task, this activity
emphasizes open-ended solutions (divergent task) [28]. Physical education can
be integrated into the third learning opportunity. After an introduction from
teachers, one student plays the role of a robot while another gives instructions,
ultimately navigating an obstacle course (C1-4, CT1-4) [30]. For students to suc-
cessfully learn the precise formulation of algorithms, teachers should first play
the role of the robot [30]. In the next session, students solve Bebras tasks [40],
engaging with CT2 and CT4. Afterwards, students solve various Bee-bot tasks
with increasing difficulty, sketches, and more according to the didactical princi-
ples from the literature review by Seckel et al. [31] (C1-4, CT1-4). In the final
project, students are encouraged to create their own Bee-bot tasks and connect
CS with mathematics (C1-4, CT1-5) [31].

5 Discussion and future work

All of the aforementioned studies conclude that the different learning opportuni-
ties were successful in fostering students’ problem-solving, future skills, and/or
CT skills [2, 4, 18, 3, 40, 16, 20]. Research gaps identified by different researchers
include the lack of valid assessment instruments [34], the need for further analysis
on gender differences to ensure educational equality [34, 25, 21], and the neces-
sity of focusing on both pre-service and in-service kindergarten teachers [15].
Additionally, there is a need for a greater focus on students’ CT (computational
thinking) practices [3, 42]. Thus, a research gap is identified in the context of an
intervention using a quasi-experimental design with a pre- and post-test to assess
kindergarten students’ CT skills using the TechCheck-K [27], alongside teacher
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Fig. 1. Visualization of the intervention concept using existing and piloted CT learning
opportunities. Including a quantitative assessment with the TechCheck-K [27] as a
pre- and post-test as well as qualitative observation protocols from educators during
the intervention based on a classification scheme [3]. The learning opportunities were
categorized with the 4 C’s (C1 Creativity, C2 Communication, C3 Critical Thinking,
C4 Collaboration) as well as the CT categorization [9]

and researcher observations of students’ CT practices [3] in a naturalistic setting
[33] taught by kindergarten teachers.
Based on the findings of this paper, future work related to CT in EC-CSE
could focus on CS curriculum development with piloted learning materials tested
through quasi-experimental studies. Developing teacher training programs in the
context of CT requires grounding these programs in empirical findings from ex-
isting studies and the practical experiences of kindergarten teachers. Previous
research and the experiences of educators who have implemented CT in ECE
(e.g., [31, 18, 19, 2]) provide valuable insights. These programs could greatly ben-
efit school administrations and future kindergarten teachers. Additionally, they
serve as a resource for educators involved in designing new instructional mate-
rials. As the number of CS curricula in ECE increases, comparisons of lessons
learned from different implementations across countries could be of interest for
the research community as well.
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Abstract. The call for school students to learn about artificial intel-
ligence and machine learning is increasing, yet what should be taught
and how is still to be agreed upon. Despite this, resources are starting
to be developed. Such material can be used to explore pedagogical con-
tent knowledge decisions and evaluate the impact of teaching activities.
In this experience report, we detail the development and implementa-
tion of Experience AI, a free curriculum unit consisting of six one-hour
lessons designed for classroom use by teachers of students aged 11 to
14 years old (Grade 6–8) in the United Kingdom. The lessons were de-
signed with an underlying set of design principles developed in consul-
tation with industry experts. The design principles we focus on in this
report are (i) avoiding anthropomorphisation of language and images
used in the resources, (ii) incorporating careers materials and activities,
and (iii) increased teacher support for lesson delivery. The resources in-
clude teacher guides, classroom presentations, explanations of key terms,
student activities, and assessment ideas. From an independent evaluation
of the implementation of the lessons, initial survey results are reported
(student conceptions of AI, student and teacher AI careers awareness,
teacher self-efficacy when teaching about AI). Evidence from the evalua-
tion has provided early yet encouraging evidence that teachers who used
the curriculum unit may have improved their AI careers awareness and
efficacy when teaching about AI. We suggest the design principles, lesson
materials and evaluation instruments may be useful to other researchers
working in this field.

Keywords: Artificial intelligence · machine learning · curriculum

1 Introduction

Even though artificial intelligence (AI) systems are becoming ubiquitous across
society [9], AI technology is not widely understood by those affected [14]. Cre-
ating an AI-ready workforce is a significant focus for many governments [4]. In
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the United Kingdom (UK), AI policy has included the development of recom-
mendations [18], policy options [21], and roadmaps for research and change [25].
AI education has also been called to be incorporated into the school and teacher
preparation curricula [21, 25]. In the computing education research community,
there are a growing number of initiatives to do this [24, 22]. However, there is
limited empirical research to understand what and how AI should be taught, and
what the impact of early initiatives might be [23, 17]. This presents a challenge
for K–12 computing education researchers, education resource developers, and
teachers alike to consider how AI and machine learning (ML) can be introduced.

In this experience report, we describe the design of a set of 6 lessons introduc-
ing AI/ML to students aged 11 to 14 (Grades 6 to 8) in the UK. The resources
were developed with support from Google DeepMind through a volunteer indus-
try expert working group. We also detail results from an independent evaluation
of the school implementation of the resources.

2 Background and related work

What might be taught about AI has been defined in various but conflicting ways.
For example, the AI4K12 working group suggested ‘Five Big Ideas’ for K–12
AI: perception, representation and reasoning, learning, natural interaction, and
societal impact [24]. From an analysis of 30 K–12 instructional units on ML,
Marques et al. [8] identified 12 ML topics (e.g. neural networks), 13 ML appli-
cations (e.g. sentiment analysis), and 7 ML processes (e.g. model evaluation). A
computational thinking (CT) view of learning about AI has been suggested [23],
whereby the difference between rule-driven and data-driven system development
paradigms is emphasised, and a new CT2.0 is defined. Differences in the problem-
solving workflow of CT2.0 (data-driven) to CT1.0 (rule-driven) are compared,
including describing the job and collecting the data rather than formalising the
problem; filtering, cleaning and labelling the data rather than designing an al-
gorithmic solution; training a model rather than implementing the algorithm;
and evaluating and using the model rather than compiling and executing the
program [23]. Clearly, a consensus about what should be taught has yet to be
reached. Olari and Romeike [12] argued that most AI literacy frameworks fail to
capture data science (or “data literacy”) concepts and skills, and Druga et al. [3]
noted that a common language for AI and ML teaching resources had not been
agreed upon.

As well as considering what should be taught, an open question is how AI
and ML should be taught and which pedagogy should be used. A set of 15
design considerations have also been defined [7], including contextualising data,
opportunities to program, and leveraging learners’ interests. From a synthesis of
AI teaching studies in K–12 and a supposition of what might work for teaching
this age group and topic, a taxonomy of pedagogies for AI has been suggested,
including active learning, personalised learning, participatory, problem-based,
interactive, project, inquiry, and design-oriented learning [20]. Finally, a simple
AI and ML learning framework, called SEAME has been proposed for use in
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reviewing AI teaching resources [26] and research activities [17]. The framework
comprises four levels: Social and Ethical, Application, Model and Engine. In
SEAME, the levels do not dictate the order in which learning must occur, and
some activities will span more than one level. The levels provide an intuitive
way for educators, resource developers, and researchers to frame the main aims
of a learning experience. As students make progress, it is expected students can
move between levels, and, at times, the boundaries between levels will blur.

3 Design principles

For the lesson design, a set of design principles were devised to guide the de-
velopment of AI resources. These principles extended existing general resource
design principles for computing resource development [16]. In this paper, we fo-
cus on three of the AI design principles. These principles we report on here were
selected as we can comment on their enactment through evaluation data. The
three design principles we focus on are:

– avoiding anthropomorphisation
– promoting awareness of AI/AI-related careers
– increased teacher support

Other design principles, but not reported on in detail here, include (i) using
the SEAME framework [26] to help develop the learning objectives and learn-
ing progression [16], (ii) developing a set of working explanations for learning
objective concepts and sub-concepts for the research team and educators [16],
and (iii) using semantic profiling to align everyday contexts to abstract technical
language [10] for explanations and lesson design.

Avoiding anthropomorphisation: A key consideration was the need to
avoid anthropomorphisation in student- and teacher-facing materials. Anthrop-
morphisation is “the action or fact of attributing human characteristics, form, or
personality to something non-human (in later use esp. an animal)”.3

The rationale for this choice was that attributing human characteristics to
computers has led to programming misconceptions [13], and more specifically
for AI, may lead to system developers (including novice programmers) develop-
ing incorrect mental models of how AI works, as the technology is humanised,
black-boxed, and oversimplified [23]. Additionally, when using technology, young
children have been found to view robots as peers rather than devices, seeing them
as less smart ‘people’ or overestimating technology capabilities [2], or developing
relationships with the devices [23], leading to high risks of either unintended
influence, purposeful manipulation, or policing [28]. Compounding the issue of
delegating the responsibility of the human system developer and human user to
an imagined responsible AI agent [19], anthropomorphised AI agents have been
predominately portrayed as white in colour and as such exacerbating racism
in technology and society at large [1]. However, by engaging students to learn

3 https : //www.oed.com/dictionary/anthropomorphizationn



96 J. Waite et al.

about AI and making the ‘black box’ transparent, students become more scepti-
cal about the technology and recognise responsibility for AI design as associated
with the humans who are ‘in the loop’ rather than the AI technology [2, 23].
For Experience AI, in practice, this principle was enacted by there being no il-
lustrations that depicted devices with human-like faces and the replacement of
vocabulary that was associated with the behaviour of people (see, look, recognise,
create, make) with system-type words (detect, input, pattern match, generate,
produce).

In line with suggestions by Druga et al. [3] to create a shared language
among curriculum developers, a set of working explanations for learning ob-
jective concepts/sub-concepts was developed in partnership with an industry
working group. For example, a working definition of AI literacy was defined as
“AI literacy is a set of competencies that enables people to use AI applications
in everyday life creatively and ethically, to identify and evaluate AI technologies
critically, and to have a basic knowledge and understanding of the key concepts
and processes associated with AI applications, models, and engines.” [16].

Promoting awareness of AI/AI-related careers: A second design choice
was to provide career examples in each lesson that shared social and ethical is-
sues through relatable real-world examples of applications of ML models. The
aims were to 1) engage students and 2) help them understand the relevance
and impact AI has in their lives. The rationale for this choice was the need for
students to understand the career and societal implications of AI developments.
Prior work in computing education has highlighted the challenge in promoting
the aspirations of young people, particularly female students, in pursuing ca-
reers in the field [5]. Studies have indicated multiple factors that impact young
people’s career aspirations in computing, including a lack of exposure to CS,
the need for role models, and the influence of parents and self-efficacy beliefs.
As such, researchers have underscored the importance of promoting awareness
of AI career opportunities and the broader impact of AI across disciplines [29].
In our lesson materials, the careers principle was enacted by demonstrating the
breadth of careers in AI/AI-related fields through real-world examples. Video
interviews with researchers and scientists working at Google DeepMind were
featured throughout the lessons to enrich classroom discussions on career goals.

Increased teacher support: Though teaching and learning of AI and ML in
schools is an increasingly important topic being suggested for classroom teachers
to consider [4], it is unlikely that teachers will have prior experience of AI/ML or
appropriate pedagogical knowledge when working with school-aged learners [23,
30]. Therefore, in Experience AI, to increase teacher confidence and self-efficacy,
teacher support was provided through the following means:

– Student-facing concept videos embedded in the lesson slides, including in-
dustry experts explaining key AI/ML concepts.

– A free asynchronous online teacher professional development course on in-
troducing AI/ML, how to deliver the lessons, and understanding concepts.

– Teacher support videos to introduce lesson activities, including screen-casts
demonstrating the steps students will need to follow for practical tasks.
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– Webinars for teachers including in-depth discussions on AI/ML concepts
with industry experts and guidance on how to deliver lesson activities.

– Lesson plans which include detailed guidance on how to deliver the lesson ac-
tivities, including additional information about the concepts and suggestions
on formative assessment questions to ask students.

Prior surveys of AI/ML teaching and learning resources indicate a lack of teacher
documentation in most currently-available resources [26]. Our intention was to
provide support materials to anticipate teacher needs and provide guidance on
difficulties that could be faced in the classroom.

4 Lesson resources

The free unit of work consists of six lessons available for educators to download
[16]. An overview of the lessons and links to the full resource set is provided in
Appendix A. The lessons are intended to cover a six-week period. Each lesson is
designed to be taught in a one-hour classroom-based lesson. The unit of work is
aimed at school educators in the UK who teach students aged 11 to 14 years old,
although they are available for use by any educator in other countries. There are
no specific hardware requirements for the lessons, except for equipment to access
the internet. A web browser is needed to download and view lesson material; no
software needs to be installed locally. Machine Learning For Kids4 is used as a
web app and is accessible without the need for an account.

The ambition for the six lessons is to provide students with a foundational
knowledge of AI concepts, contexts, and the careers involved in developing AI
applications. Building on the four strands of SEAME [26], key concepts covered
include: (i) rule-based vs data-driven approaches to programming; (ii) applica-
tions of AI; (iii) ML models; (iv) bias and ethics; (v) decision trees; (vi) the AI
data life cycle; and (vii) careers in AI. A description of concepts covered in the
lessons is provided in Appendix A.

For each lesson, there are lesson plans, teaching slides, student activity work-
sheets, teacher support videos, projects for students to select from depending on
their personal interests, and student assessment activities (formative and sum-
mative). In addition, there are three overarching documents available to teach-
ers: a unit overview, learning graphs (to demonstrate progression), and a set of
explanations of key terms (e.g. concepts).

The learning objectives were reviewed to draw out candidate sub-concepts
(key terms); for each sub-concept, an explanation was developed [16]. Example
sub-concepts incorporated in the lessons include (this is not exhaustive) pre-
diction, supervised learning, unsupervised learning, reinforcement learning, ML
classification, ML class, ML label, ML decision trees node, data types, ML train-
ing, ML training data, ML test data, data bias, societal bias, ML explainability,
ML accuracy, ML confidence, data cleaning, ML model card, computer vision,
and generative AI. The degree to which knowledge is built for each of these
4 https://machinelearningforkids.co.uk/
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sub-concepts varies; some are introduced in passing to provide context for the
exercise. Some sub-concepts demonstrate the breadth of ML to avoid introduc-
ing alternate conceptions, such as thinking that supervised learning is the only
method of solving problems using ML. Other concepts are returned to multiple
times, such as ML training.

5 Method

An independent evaluation was conducted for both student and teacher partici-
pants. The evaluation consisted of an online pre/post survey distributed to stu-
dents and teachers via Qualtrics. The evaluation study was approved by the Uni-
versity of Cambridge Department of Computer Science and Technology Ethics
Committee (#2023) and informed consent was obtained from all participants.

Instrument design: The student survey gathered quantitative data via five-
point Likert-type questions relating to multiple constructs, including students’
interest in AI and their awareness of AI/AI-related careers, and was adapted
from existing validated instruments [29]. For interest in AI, example statements
included ‘I am interested in learning about AI’ and ‘I want to learn more about
AI outside of school’. For AI careers awareness, example statements included ‘I
know about jobs that use AI’ and ‘I am interested in jobs that use AI’. Using
data from 474 students, both scales obtained a Cronbach’s alpha value of α =
.939 and α = .837 respectively, indicating excellent internal consistency. Students
were also asked to define AI via a free-text question (‘In the box below, write
down what you think AI is’ ).

The teacher survey focused on teachers’ AI careers awareness and self-efficacy
when teaching about AI via two 5-point Likert-type scales [27]. For AI careers
awareness, example statements included ‘I know about AI careers’ and ‘I know
where to find resources for teaching students about AI careers’. For the Per-
sonal AI Teaching Efficacy and Beliefs scale, example statements included ‘I
am confident that I can explain to students how AI works’ and ‘I understand AI
concepts well enough to be effective in teaching about AI’. Using data from 41
teachers, both scales obtained a Cronbach’s alpha value of α = .921 and α =
.918 respectively, indicating excellent internal consistency.

Data collection: Pre-lesson delivery data from 474 students and 41 teachers
were collected through the survey. Correspondingly, post-lesson data was col-
lected from 112 students and 6 teachers. Due to the disparities in sample sizes,
any conclusions drawn should be treated with caution. Pre/post responses were
matched where possible and appropriate statistical tests were employed. Further
details are noted in the Limitations (Section 7.1). For qualitative data—such as
student free-text questions—we decided to analyse all data currently collected
as we intend to use a range of student responses to inform future work.

Data analysis: Due to the imbalance in sample sizes of the current data
collected, we employed appropriate statistical techniques for analysing data.
Student data that were normally distributed (assessed by Shapiro-Wilk’s test,
p <.05) were analysed using paired-samples t-tests, while non-normally dis-
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tributed data were accordingly analysed using a series of Wilcoxon signed-rank
tests. Similar tests were undertaken for teacher survey responses.

Principal component analysis (PCA) was used to assess inherent latent vari-
ables within the survey Likert-type items. The suitability of PCA was assessed
prior to analysis (i.e. the assumptions of independent sampling, normality, linear
relationships between pairs of variables, and the variables being correlated at a
moderate level). For both surveys, PCA revealed components that were consis-
tent with the underlying sub-scales, namely that there were strong loadings.

For the qualitative data of student definitions of AI (from the open-text ques-
tion), responses were analysed by two researchers until agreement was reached.
Using both pre- and post-data, we analysed responses based on whether their re-
sponse ascribed anthropomorphic features when describing AI. We aimed to find
evidence that students would attribute fewer human characteristics (e.g. emo-
tions, consciousness, morality) after the lessons. Examples of anthropomorphic
responses are shown in Table 1.

6 Results

Teacher survey: The teacher survey measured teachers’ AI teaching self-efficacy
and their AI careers awareness. Teachers’ post-test Personal AI Teaching Effi-
cacy and Beliefs scores were .70 higher than pre-test (95% CI, .22 to 1.18), a
non-significant median increase, z(3) = 1.46, p = .14. Likewise, teachers’ post-
test AI careers awareness scores were .34 higher (95% CI, -.60 to 1.29) than
pre-test scores, a non-significant mean increase, t(3) = 1.15, p = .167. For teach-
ers’ self-efficacy scores, the greatest mean differences were observed for multiple
items relating to teacher confidence when teaching about AI such as ‘I know the
steps necessary to teach about AI effectively’ (+.86) and ‘I am confident that I
can answer students’ questions about AI’ (+.73). Likewise, the greatest mean
differences for AI careers awareness were observed across multiple items includ-
ing ‘I know about AI careers’ (+.80) and ‘I know where to go to learn more about
AI careers’ (+.80). These results suggest that some teachers who took part in
this programme may have felt more aware of AI careers, and some may have felt
more confident in their AI teaching skills after completing these programmes.

Student survey: The student survey measured students’ attitudes and
awareness of AI/AI-related careers. Only a small amount of paired data was
available. Post-test interest in AI scores were .09 higher (95% CI, -.16 to .34)
than pre-test scores, a non-significant increase (t(30) = 1.659, p = .24). However,
post-test AI careers awareness scores were .73 (95% CI, .42 to 1.03) higher than
pre-test, a statistically significant increase (t(30) = 4.919, p = .05). In particu-
lar, group differences in certain items (e.g. ‘I know someone like me who works
in an AI-related field’ (+0.55) and ‘I plan to study AI after secondary school’
(+0.40)) suggest that student awareness and interest in AI careers may have
been impacted by their participation in the lessons. Additional items that had
large mean differences centred on student awareness of AI-related jobs (+0.42)
and discussion of jobs with families and friends (+0.46).
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Table 1. Anthropomorphism in student responses to “write what you think AI is”

AI description Examples Pre # % Post # %
Anthropomorphic “AI is a robot which is starting to

become more human like with feel-
ings” / “A computer that has a
mind of its own and can think its
own thoughts.”

78 16.46% 12 10.71%

Non-
anthropomorphic

“A simulation of intelligence made
by humans [...] It has no actual in-
telligence” / “The development of a
concept or tool created to mimic the
intelligence of humans”

396 83.54% 100 89.29%

Student conceptions of AI: Students were asked to define AI before and
after taking part in the lessons. We found evidence that most students demon-
strated non-anthropomorphic descriptions (e.g. “AI simulates human behaviour
in machines which helps [in] tasks such as problem solving”) in both pre- and
post-responses (83.54% and 89.29%, respectively). Students gave proportionally
fewer anthropomorphic answers (e.g. “[AI is] someone who helps [you] online”)
in post-test data (16.46% vs 10.71%) (see Table 1).

7 Discussion

Previous work has detailed the extent of resources to support teaching/learning
about AI/ML [26]. However, most resources were found to not include specific
learning objectives, recommended age groups, or assessment materials. Likewise,
a lack of common vocabulary underpinning learning material was noted [3]. Our
curriculum, Experience AI, represents a significant attempt to provide educators
(and researchers) with a research-informed set of teaching materials, including
teacher guides, classroom presentations, explanations of key terms, student activ-
ities and assessment ideas. Evidence from the independent evaluation provided
initial evidence that this approach could support teachers’ AI career awareness
and efficacy when teaching about AI. We discuss these results in relation to our
original design principles and relate this to prior literature.

Avoiding anthropomorphisation: Design decisions were taken to avoid
anthropomorphisation in language use, however, students were not explicitly
taught about the topic. Results from the independent evaluation found propor-
tionally fewer uses of anthropomorphic language, though this was not significant
given the unbalanced sample. This result highlights a challenge in understand-
ing student awareness from written responses and also that, without explicit
teaching, the change in language and imagery and motivation for this was not
transparent to students. Previous work in computing education has suggested
that the use of natural language (e.g. metaphors) may lead to naive preconcep-
tions [15]. It is possible that the use of anthropomorphic language (e.g. analogies
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to the human brain) may serve as a scaffolding measure to aid understanding.
Follow-up work could focus on qualitative analysis of student perspectives of
typical AI characteristics. This could include scenario-based tasks to discover
whether more robust mental models [23] or fewer problematic associations of
gender, race, over-reliance or an increased view of human responsibility for AI
design [2, 1, 19, 28] are developed through avoiding—or discussing the limitations
of—anthropomorphisation. While differences in student use of anthropomorphic
language could not be identified, we were instead provided with important in-
sights into students’ emerging understanding of AI technologies.

Promoting AI/AI-related career awareness: The curriculum unit de-
sign featured a strong emphasis on the social and ethical dimensions of AI. As
in the case of the DAILy curriculum [6], we sought to raise student awareness
of careers and the extent to which AI features in their everyday lives. For in-
stance, the role AI could play in students’ careers both directly—working within
the field—and indirectly—impacted by AI—was explored through real-world ex-
amples. Findings from the survey data collected were limited though suggested
that both students and teachers improved their awareness of AI and AI-related
careers. We were encouraged to observe mean differences for student responses
of appropriate Likert items ‘I know about jobs that use AI’ and ‘I plan to study
AI after secondary school’, as these suggest that our AI career activities both
illustrated a broad range of careers (research scientists, robotics engineers, ethics
researchers employed at Google DeepMind) and promoted interest among par-
ticipants. Students also compared different career pathways against multiple
dimensions of AI (e.g. social and ethical, creating applications and tools, train-
ing models) to demonstrate the implications of AI in a broad range of fields.
Embedding career pathways in lesson materials was also intended to support
teachers. As gatekeepers to facilitate student awareness of AI careers [27], it
was encouraging to see large mean differences in teachers’ awareness of careers
and career resources. However, further work is required to better understand
which resources were impactful and how teachers’ and students’ perceptions of
AI/AI-related careers were influenced.

Teacher support: Finally, teacher support was a focus for Experience AI.
Following prior work that suggests a lack of suitable documentation (e.g. learning
outcomes, differentiation, and assessment activities) in most currently-available
resources [26], we focused on supporting teachers through teaching materials,
online courses, webinars, and student-facing materials. Survey data from the
independent evaluation found early evidence that this approach could support
their efficacy when teaching about AI. In particular, teachers felt most confident
knowing the steps to teach about AI and receiving and answering student ques-
tions. In future work, we could seek to better understand what specific measures
could support teachers implementing the curriculum in schools.

7.1 Limitations

Our findings are limited to the extent that the independent evaluation was con-
ducted separately to the lesson design and development. As such, only the im-
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pact of some of our design principles could be investigated in light of limited
data collected (e.g. teacher self-efficacy). Nonetheless, findings from the inde-
pendent evaluation were encouraging and provided some early indication of the
impact of teachers’ and students’ participation in Experience AI. Survey data
were collected anonymously meaning that no additional demographic data were
collected beyond age, year group (if applicable), gender and ethnicity. This meant
that follow-up work could not be organised, such as focusing on more in-depth
qualitative analysis of the student and teacher experience when taking part in
Experience AI. This would have provided extra insights into student reason-
ing around AI where survey data is limited. For example, one issue with the
open-text question was that students might have interpreted it to mean what
future capabilities could be achieved using AI technologies as opposed to its
current functionalities and limitations. In-depth follow-up work with students is
required to differentiate between these two perspectives. Finally, non-significant
increases in student and teacher attitudes merely suggest effects and necessi-
tate further data collection and analysis to rule out chance effects and provide
confirmatory evidence.

8 Conclusion

This paper has described some of the key design principles of six lessons that can
be used to introduce AI/ML to Grade 6–8 students in the UK. The design prin-
ciples foregrounded in our lesson unit include avoiding anthropomorphisation,
embedding careers and increased teacher support. Evidence from the indepen-
dent evaluation indicates that student and teacher AI careers awareness may
have been positively impacted. Evidence has also provided early yet encourag-
ing evidence that teachers who taught the curriculum unit may have had higher
self-efficacy when teaching about AI. By providing the full resource set (see Ap-
pendix A), we propose that the materials may be useful to educators new to
AI/ML as well as other researchers.

Further work is needed to investigate whether the content covered and design
decisions, such as teaching about the difference between rule-based and data-
driven systems, are the most effective way to develop useful mental models.
Similarly, whether starting with decision trees, rather than neural networks or
other machine learning engines, is the most effective way to establish an effective
progression of knowledge building. Also, whether the instructional approaches
used sufficiently scaffold learning for all, or if they kept the nuances of ML
too hidden to help students overcome either too much or too little trust in the
predictions of ML models requires further research. We look forward to exploring
these issues and hope that our resources will be useful to others to investigate.
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A Appendix 1

All resources are free to use by anyone now and in perpetuity under a Creative
Commons license (CC BY-NC-ND 4.0). The full resource set is available via the
study website [16].

A.1 Lesson 1 - What is AI?

Students explore the current state of artificial intelligence (AI), and how it is
used in the world. They explore the difference between rule-based systems and
data-driven models (Figure 1) and consider the benefits and drawbacks of AI
systems. The learning objectives covered are: (i) Describe the difference between
‘data-driven’ and ‘rule-based’ approaches to application development; (ii) Name
examples of AI applications; (iii) Outline some benefits and issues of using AI
applications.

Fig. 1. Figure used to illustrate data-driven models.

A.2 Lesson 2 - How computers learn from data

The activities in this lesson help students think critically about which parts of
a system use AI components and the role of ML models. Through a video, stu-
dents hear from experts about the different types of ML and example problems
solved. Students are introduced to a specific example of ML: classification. The
learning objectives are: (iv) Define machine learning’s relationship to artificial
intelligence; (v) Name the three common approaches to machine learning; (vi)
Describe how classification can be solved using supervised learning.

A.3 Lesson 3 - Bias in, bias out

Students create an ML model using Machine Learning for Kids5. The model
classifies images of apples and tomatoes (Figure 2), but students discover that

5 https://machinelearningforkids.co.uk/
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their model is flawed due to the limited training data set. Next, students explore
training data bias and biased predictions. Learning objectives include: (vii) De-
scribe the impact of data on the accuracy of a machine learning (ML) model;
(viii) Explain the need for both training and test data; (ix) Explain how bias
can influence the predictions generated by an ML model.

Fig. 2. Slides showing adding training data.

A.4 Lesson 4 - Decision trees

Students take their first in-depth look at a type of engine: decision trees. The
activities build on students’ learning from Lessons 1–3 about classification, train-
ing and test data, and the data-driven nature of models. The aim is for students
to gain an understanding of the processes used to create ML models. Learning
objectives: (x) Describe how decision trees are used to build a classification ML
model; (xi) Describe how training data changes an ML model; (xii) Explain why
ML is used to create decision trees.

A.5 Lesson 5 - Solving problems with ML models

Students are introduced to the AI project lifecycle. They follow the stages to
create an ML model to solve a problem of their choice from example projects.
They train the model and test it to determine its accuracy. (xiii) Describe the
stages of the AI project lifecycle; (xiv) Use a machine learning tool to import
data and train a model; (xv) Test and examine the accuracy of an ML model.

A.6 Lesson 6 - Model cards and careers

In this lesson, students complete the final stages of the AI project lifecycle: eval-
uating and explaining a model. To help them explain their model, students are
introduced to model cards [11]. (xvi) Evaluate an ML model; (xvii) Produce a
model card to explain an ML model; (xviii) Recognise the range of opportunities
that exist in AI-related careers. The main instructional approaches used are ac-
tive learning through discussion, project-based learning, and to provide student
choice. Students conclude by exploring careers both in AI and fields in which it
is used.
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Abstract. In society, the belief in the properties of robots is strongly in-
fluenced by their humanoid appearance and behavior as portrayed in the
media – robots are regarded as “perfect” replicas of humans. This work
describes children’s understanding of robots, including their appearance,
properties, and behaviors. This may influence their interaction with and
their understanding of systems. When working with educational, non-
humanoid robots in workshops with pupils, we observed that they tend
not to see BeeBots or Ozobots, despite their name, as robots but tend
to describe robots as human-like. After one of our robotics workshops
with lower secondary school students who had no prior knowledge of
robots, they were tasked with drawing a robot and doing a survey to
describe this robot and robots in general. Unsurprisingly, most children
drew robots that we would characterize as humanoids, but in the survey,
they did not categorize them like this. On the one hand, they gave their
robots names, human characteristics, properties, senses, and emotions;
on the other hand, many pupils said their robots could not refuse or fail
their commands and tasks.

Keywords: robotic education · secondary education · humanoid robots

1 Introduction

Robotics are an important topic in the educational field. They are not only
a motivational factor when learning about computer science, but educational
robots also help to understand different concepts and develop various skills that
are relevant in STEM [7].

Our lab Informatik-Werkstatt3 offers workshops on various topics for pupils
of different ages. In recent years, there has been an increasing demand for robotics
workshops to introduce pupils to the subject of programming in a playful way.
Many teachers take the opportunity to work with material in our lab that is un-
available in schools. One of our offers is a workshop with different stations where

3 https://www.rfdz-informatik.at/informatik-werkstatt/
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you can learn about different educational robots and try their first programming
steps. We select different robots to suit the age group. Our main target group
for this topic is the 5th grade. According to their curriculum, they should work
on the following content: the principle of input-processing-output and simple al-
gorithms (sequences and loops). We work with BeeBots, ProBots, OzoBots, and
Cubelets for this group. BeeBots and ProBots are used to design and try out the
first simple algorithms (also with loops). When building simple robots with the
Cubelets, the principle of input-processing-output is illustrated. OzoBots can be
programmed using color codes to illustrate the cause-effect concept.

As an extra activity in the workshop, the students had to draw a robot. We
observed that even though they are in the middle of a robot workshop that does
not contain humanoid robots, the students are drawing humanoid robots and
giving them human characteristics and behavior.

We ran additional similar workshops the following year to focus on this sur-
prising result. Pupils attended the workshop and were then given the task of
drawing a robot (without further instructions on what to draw). After finish-
ing the drawing, they had to complete a questionnaire that included questions
about their robot and robots in general. Our study aimed to answer the following
questions about the students in our workshops:

– RQ 1: What ideas do children associate with the term ‘robot’? What do
they look like in their opinion?

– RQ 2: How do the children define a robot?
– RQ 3: What characteristics do the children associate with robots (senses,

abilities, ...)? Are there any connections between these characteristics, their
perception of robots, and their interests?

This paper is structured as follows: We begin by presenting related work and
our methodology. Next, we describe our findings and results, starting with survey
results about the pupils’ drawings and then about the pupil’s view of robots in
general. Finally, we conclude with a discussion of selected results.

2 Related Work

Children often perceive these machines as having human-like characteristics
when interacting with robots. For instance, they believe that robots can see,
hear, and even consider them potential friends, though they also recognize that
robots do not possess complete knowledge [3]. This perception is shaped by their
direct interactions and the responses they receive from the robots.

However, as children become more informed about robots’ inner workings
and capabilities, their initial impression of robots as human-like beings dimin-
ishes. Their trust in robots declines once they understand their limitations and
functions more. Despite this decrease in perceived human likeness and trust,
children’s social relationships with robots remain largely unaffected [6]. Addi-
tionally, when robots disclose information about themselves during interactions,
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children’s perception of the robot’s emotional understanding decreases, but their
perception of the robots’ social role does not change [5].

Anthropomorphism and behavior significantly influence children’s attitudes
toward robots. While robots must exhibit humanoid traits, they should not be
indistinguishable from humans [9]. There is no substantial difference in attitudes
among children aged 8 to 14, but gender differences are notable: girls prefer
humanoid robots more than boys do [8].

In our study, we aim to describe the profile of robots from the pupils’ perspec-
tives. We include various characteristics that can be used to define an individual’s
identity (because the pupils often describe robots as human-like) and seek to ob-
serve the connections between different personality traits to better understand
the pupil’s point of view.

3 Methodology

We held five workshops, each with one class of school children aged 10 to 12, in
the summer semester 2024. In each workshop, the students completed the same
activities: BeeBot, ProBot, Cubelet, and Ozobot. Each activity contained a short
introduction, a few tasks to get to know the robot, and some time to experiment.
They had about 25-30 minutes for each activity. At the end of the workshops,
117 (male: 33, female: 82, no response to this question: 2) participating students
had about 20 minutes to draw a robot and complete the online survey. The
children had little or no knowledge about robots (according to their teachers)
and only a little experience with block-based programming.

With the survey, we want to confirm our impression that students have hu-
manoid robots in mind when we talk about robots. Some students draw detailed
illustrations, but others leave much room for interpretation. This makes it dif-
ficult to categorize the drawings for further evaluation. Therefore, we added a
questionnaire that helps the students describe their robot. We only use the draw-
ings to confirm the results of the survey. The drawings are intended to help the
students convey their ideas before they answer the questions.

The survey consisted of a questionnaire, most of which were Likert-scale or
single/multiple choice. Our standard questionnaire in our workshops includes
six questions for the general interests following Holland (RIASEC: Realistic, In-
vestigative, Artistic, Social, Enterprising, Conventional) [4, 1] (we have adapted
the questions to an age-appropriate form including a visualization). The robot-
specific questions were divided into (a) about their robot and (b) about robots
in general.

The dimensions of the questions on the robot are based on the model of
the five pillars of identity, according to Hilarion Gottfried Petzold. This com-
prises the following aspects: Body and health (here in the sense of appearance,
senses, feelings, and abilities), social relationships, work and performance, finan-
cial security (not relevant here), values and meaning [2]. The following questions
(translated from German for the sake of readability) were used. We divided
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the question into two parts. The first part contains questions about the pupil’s
drawings:

– Performance: Where is your robot on the scale? (7-Likert, Toaster - human
- superhero)

– Appearance: My robot looks like ... (a) a person, (b) an animal, (c) a tech-
nical device, (d) a work tool, (e) something else (single choice)

– Senses: What senses does your robot have? (a) see, (b) hear, (c) feel, (d)
smell, (e) taste, (f) balance (multiple choice)

– Abilities: When I give my robot a task, it is easy because it ... (a) can
recognize and see for himself what he should do, (b) can listen to me and
understand what I say to him, (c) can be programmed by me via buttons
(multiple choice)

– Values and meaning: My robot occasionally fails to perform a task because
... (a) he is sometimes stubborn, (b) he doesn’t always understand what I
want from him, (c) That can’t happen (single choice)

– Feelings: If a task does not work out ... (a) my robot can cry because it is
sad (b) it doesn’t matter because a robot is just a machine (single choice)

The second part is about robots in general:

– What is a robot? (open question)
– Appearance: Which of these pictures represents a robot? (multiple choice,

given 8 examples)
– Abilities: A robot can ... (a) solve a very specific task for which it was

programmed (e.g., water the flowers on the windowsill every day at 8 a.m.),
(b) work on a task all by himself (e.g., find all the flowers in the house and
decide whether the robot has to water them or not), (c) independently solve
all tasks that a human could also fulfill, (d) can solve tasks that a human
could not fulfill (single choice)

– Social relationships: Robots are ... (a) friends, (b) strangers, (c) part of the
family, (d) Robots can’t have friends (single choice)

The closed questions of the questionnaire were analyzed using descriptive
statistics. For the open questions, we categorized the answers using keywords.
In general, all open questions were answered briefly so that categorization was
straightforward.

Due to the relatively small number of drawings categorized as humanoid (con-
trary to our assumption), we repeated this categorization ourselves. Two people
analyzed the drawings independently of each other and assigned the drawings to
categories according to certain criteria. For example, the drawings were catego-
rized as human-like if features such as the head, face, and arms were recogniz-
able. Animals were identifiable. The remaining drawings were classified as either
"other life form" (e.g., eyes but no human or animal shape) or "no life form."
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4 Findings and Results

4.1 Children’s Robot classification

To gather insight into the pupil’s perception of their robot, we let them draw
and name it and asked questions about it. The questions were about a general
classification, the appearance of their robot, the senses, perception, self-will, and
ability to feel.

When we asked the children to classify their robots on a seven-point Likert
scale from toaster to human to superhero, we found that they don’t see their
robots generally as toasters or superheroes. It was a relatively even distribution
(Fig. 7a), but only 10 out of 117, which is 9%, classified their robot explicitly as
human. If we reduce the scale to three instead of 7, combining The lower two,
the three in the middle, and the upper two, there are 24 of 117 (21%) with a
tendency to toaster, 53 (45%) rather human, and 40 (34%) superheroes.

Fig. 1: Robot appearance classified by scientists (n=125). The categories marked
with a C are the children’s categories, the categories marked with S are the
scientist’s.

We then asked what their robot looked like. There were five options: Human,
Animal, technical Device, Tool, or something completely different. 20 of 117
(17%) stated their robot has a human appearance, 14 (12%) said it looks like an
animal, 50 of 117 (43%) said it was a technical device or tool, and 33 of 117 (28%)
classified it as something completely different. So 29% of the students see their
robot as a life-form, 43% as a tool, and 28% as something else (Fig. 7b), while
more than 50% of the robots have human names. We also classified the drawings
into four classes: Human, Animal, other lifeforms, and no lifeforms. Out of the
125 drawings, we found 72 Human-like robots (58%), 12 Animal robots (10%),
17 other lifeforms (14%), and 24 were no lifeforms at all (19%)(Fig. 1). So we
found that a majority of the children’s robots seem to have a human appearance
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and name but were not classified by them as such. In addition, we classified 33 of
the 49 robots (67%), categorized as something else by the children, as humanoid
and only 13 (27%) as no lifeforms.

When asked about their robots’ senses, the students had six options. See,
hear, feel, smell, taste, and keep balance. 94 of 117 (80%) said their robot could
see, 86 Robots could hear (74%), 68 were able to feel (58%), 41 could smell
(35%), 36 taste (31%), and 78 could keep their balance (67%) (Fig. 8a). The
three most important senses for the robots are, therefore, to see, to hear, and
to keep the balance, while it seems not to be necessary for a robot to smell or
taste.

Another question was about the robot’s perception. There were three pos-
sibilities: be able to recognize their task themselves, listen and understand, or
be programmed via keys. 67 of 117 (57%) could recognize their task by them-
selves, and 84 of 117 (72%) could listen and understand the user’s commands.
This is unsurprising, as many students may be used to cleaning robots and voice
assistants. Only 19 of 117 (16%) robots were programmable via keys. (Fig. 8b)
On the other hand, this does not seem necessary for the students to command
a robot.

We also asked the children about the robot’s self-will. The first two options
are the robot does not do a task because he is either self-willing or does not
understand what the user wants. The third option is that it can’t happen. We
found 12 of 116 (10%) self-willed robots, 28 of 116 (24%) that don’t always
understand, and a majority of 76 of 116 (66%) where something like that could
not happen. (Fig.9a)

Another item was about the robot’s ability to feel. If the robot cannot do a
task, he is either crying because he is sad, or it doesn’t matter because he is a
machine anyway. Interestingly, 68 of 116 (59%) stated their robot has feelings,
while 48 of 116 (41%) said it can’t because it’s only a machine. (Fig.9b)

4.2 Children’s Robots - Combined Items

We then combined the items regarding the children’s robots. First, we found that
70% (14 of 20) of the robots classified with humanoid appearance by the chil-
dren were in the middle of the toaster to superhero scale and therefore tending
towards humanoid. This shows that our children do not see humanoid robots as
super-powered, contrary to animal robots. Although the sample of robots classi-
fied as animals is pretty small, 50% (7 of 14) of the children say that their robot
with an animal appearance is a superhero. In the children’s perception, the 50
technical devices could be like toasters (32%), have human abilities (42%), or
have superpowers (26%). The distribution there is nearly even, with a slight ten-
dency to human abilities. Out of the 33 robots classified as something different,
interestingly, 13 (39%) were classified as human, while 16 (41%) were defined as
super-powered. So, 74% of these robots have at least human abilities.

When combining appearance and senses, we found, overall, independent from
the robot’s appearance, the most important senses are seeing, followed by hearing
and holding the balance, while smelling and tasting are not that important. This
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is not true for those robots, defined as technical devices by the children, where
60% can feel, and 58% can hold their balance, and the robots defined as humanoid
by our group, where feel and balance are equal at 61%. (Fig. 2) Interestingly,
for Animal Robots, it is slightly more important to hear than to see (93% to
86%) and to smell than to feel (64% to 57%). The children mention the sense of
smell more often than humanoid robots (64% to 40%). Also, according to them,
holding their balance is more important for animals (79%) than for humanoid
robots (75%).

When we combined the robot’s appearance and perception, one result was
that listening and understanding are always the most important. (Fig. 3) Even
more important than recognizing tasks autonomously. The difference is greatest
with Animal robots (93% to 50%). Even for humanoid robots, listening is more
important than recognizing tasks. (75% to 65%) The option to be programmable
via keys is unimportant for the children. With a maximum of 20%, technical
devices are most programmable. When using our classification, the picture is
more or less the same, but of the robots we classified as other lifeforms, 40% are
programmable via keys.

Matching the Perception and Senses of the robots reveals that it doesn’t
matter if the robot can recognize tasks autonomously or is just listening and un-
derstanding. The sense distribution is more or less the same, but in comparison,
for listening robots, to hear (80% to 76%) and interestingly hold their balance
(70% to 64%) is slightly more important than for autonomous robots, whereas
to see is more important for the autonomous ones (88% to 82%). If a robot is
programmable, the percentage of every sense is higher than for the other two
possibilities. (Fig. 4)

Another interesting combination is about the robot’s feelings and their ap-
pearance. When considering the children’s classification, 9 of 20 humanoid robots
cry when they cannot fulfill a task, and for 11 of 20, it doesn’t matter because
they are machines anyway. So the children classified them as humanoid, and 55%
cannot feel. On the other hand, there were 35 of 50, which are 70%, technical
devices which are nevertheless able to feel. The categories of Animals and some-
thing different are more or less balanced regarding feelings. 8 of 14 animals and
16 of 32 different things can cry. (Fig. 5, upper table) The results differ slightly
when combining our classification and the children’s answers about their robot’s
feelings. Whereas the animals are more or less balanced (55% able to cry and
45% don’t) here too, in our appearance classification, contrary to the children’s
version, 59% of the humanoid robots and 60% of the other lifeforms can cry, and
57% of the robots we classified as no lifeforms have feelings too. (Fig. 5, lower
table)

4.3 Robots in general

To get some insight into the pupil’s perceptions of robots in general, they were
also asked to define a robot ("What is a robot?"). Their answers were categorized
to get an impression of what is characteristic of a robot from the pupils’ point of
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Fig. 2: Robot’s appearance matched with the robot’s senses. The upper diagram
displays the senses and the classification of children’s appearance; the lower is
the scientist’s version.

view. 100 pupils answered the question and described a robot in 1-2 sentences. In
58 answers, robots being machines or devices were mentioned, and 2 compared
them to computers. 30 answers contained a description of "technical," and 12
mentioned them being "electric/electronic" (one of them contained both - due to
the categorization of the mentioned aspects, multiple categories per answer are
possible). 10 pupils mentioned that robots are programmable, and 6 that we can
give them instructions. 3 pupils said robots are intelligent or have knowledge;
7 students even mentioned artificial intelligence. 30 students mentioned that
robots are there to help us and do things for us. 7 students said they are human-
like/humanoid, and many said they are friends. So, not many descriptions focus
on the humanoid traits but more on technical or task-related.

We also presented the pupils with eight pictures. They had to decide whether
the picture showed a robot or not. 104 of 116 pupils (90%) labeled the humanoid
robot and 100 (86%) Robby, our lab logo, robots. More than half of the pupils
also chose the BeeBot (73 of 116, 63%), ProBot (68 of 116, 59%), and robot
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Fig. 3: Robot’s appearance matched with the robot’s perception. Left diagram is
based on the children’s appearance classification, the right one is the scientist’s
version. The bars in the diagram stand for ”Recognize themselves”, ”Listen and
Understand”, and ”Programmable”. (n=116)

Fig. 4: Robot’s perception matched with the robot’s senses. It shows the distri-
bution of the robot’s senses, such as if they can recognize tasks themselves, listen
and understand, or are programmable. The bars in the diagram stand for ”See”,
”Hear”,”Feel”, ”Smell”, ”Taste”, and ”Balance”. (n=116)

arm (61 of 116, 53%). Only a few chose the washing machine (29 of 116, 25%),
the gantry system robot (24 of 116, 21%), and the toaster (31 of 116, 27%). 13
pupils (11%) labeled all of the pictures as robots.

The pupils were also asked to decide how robots know how to solve their
tasks. They are provided the options "perform a specific task for which it has
been programmed" (40%), "work on a task all by himself" (7%), "independently
solve all tasks that a human could also fulfil" (22%) or "can solve tasks that a
human could not fulfil" (31%).

For the pupils, robots are friends (61%). Only 5 (4%) decided that they are
strangers, part of the family (16%), or can not have any friends (19%). Regarding
whether robots are friends, there are hardly any differences between girls (64%)
and boys (58%), but 33%
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Fig. 5: Robot’s appearance matched with the ability to feel. The upper table
displays the feelings combined with the children’s appearance classification; the
lower table is the scientist’s version. (n=116)

4.4 Robots in general - Combined Items

If we compare the results of the question about robot examples, the example of
the BeeBot and the ProBot can be considered as one category. 57 % gave both
as examples of robots. 35 % did not see either as a robot. This leaves only 8
% of responses that identified only one of the two as a robot. The situation is
similar for the examples of the humanoid robot and the robot logo (78 % chose
both, and 2 % chose neither). In comparison, there are different results for the
examples of humanoid robot and robot arm: 39 % chose both, 8 % chose neither.
51 % identified the humanoid robot as the robot, not the robot arm. Only 3 %
did the opposite (rounding errors). A toaster and washing machine were rarely
selected and deliver comparable results.

The ascribed abilities differ slightly depending on the robot examples se-
lected. Of the 104 children who recognized the humanoid robot, 40 % stated
that they could perform certain tasks for which they were programmed. In the
case of the BeeBot, 33 out of 73 children (45%) stated this. Similar results were
achieved regarding relationships: Of the 104 children who recognized the hu-
manoid robot, 57% stated that robots are friends. In the case of the BeeBot,
45 out of 73 children (61%) stated this. Major differences can be seen when we
compare the examples differentiated by gender: 86% of the girls (70 out of 81)
and nearly all the boys (32 out of 33) chose the humanoid robot. For the example
of the BeeBot, the results of boys and girls are nearly the same (girls: 62%, boys:
64%).

When we categorized the definition of a robot, there can be seen some gender
differences: 6 out of 33 boys (18%) mentioned "technical", but 30 of the 81 girls
(37%). Similar results for "electric/electronic" (each 1%) can be observed. The
term "machine or device" was used similarly (61%, 62%). Slight differences can
be seen in the category "to help and do things": 7 of 33 boys (21%) and 24 of
81 girls (30%).

The pupils were asked about their General Interests following the RIASEC
model at the beginning of the questionnaire. The mean values in the interests
are as follows: Realistic - 2.34, Investigative - 1.96, Artistic - 1.10, Social - 1.71,
Enterprising - 1.79, Conventional - 1.84. Differentiated by the chosen abilities,
there can be seen some differences in the RIASEC profile of the pupils (Fig. 6a),
e.g., pupils that have the opinion that robots can work by themselves on any task
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(a) (b)

Fig. 6: Robot Abilities and Social Relationships combined with Children General
Interests (n=116)

have higher results in the Investigative dimension (mean: 2.38). Even higher dif-
ferences can be seen when the RIASEC dimensions are compared with the results
of the questions about the social relation to robots (Fig. 6b). The highest results
in the Realistic dimension are achieved by pupils who see robots as strangers
(mean: 3).

5 Discussion

When evaluating the first part of the questionnaire, it became evident that the
students have very specific ideas about robots in certain areas (e.g., the abil-
ity to see, hear, and maintain balance). Surprisingly, our concept of humanoid
robots does not align with the students’ categorizations. Our assumptions (face,
eyes, arms, etc.) are insufficient to classify a robot as a humanoid. Technical
details (e.g., edges and mechanical joints) may be enough for the children not
to associate the robots with a human appearance. Robots can still have human
senses, feelings, will, and friends. Regardless of appearance, however, robots are
attributed to human senses and qualities (e.g., emotions). In their general def-
inition of robots, the children frequently mention technical details rather than
human characteristics. When confronted with examples, children mainly classify
humanoid robots as robots (but not, for example, robot arms).

6 Conclusio

The categorization of the appearance of the robots (RQ1) differs between the
pupil’s own categorization and ours. The pupils described fewer robots as hu-
manoid than we did. However, when we examine the data in detail, we find that
they associate robots more with a humanoid appearance, but they would not
necessarily describe them as humanoid.

The pupil’s general definition of robots (RQ2) focuses on technical details
without mentioning their appearance or humanoid traits. In general, pupils view
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robots as individuals capable of forming friendships and experiencing emotions.
When the data is stratified based on the pupils’ self-reported interest levels
(RQ3), some differences emerge regarding the robots’ abilities. For instance,
pupils who perceive the robots’ abilities in doing specific tasks or being pro-
grammed tend to exhibit higher levels of interest in the Realistic domain and
lower levels of interest in the Artistic domain. Furthermore, the questions about
the relationships and the robot examples show that the results vary according to
the participants’ general interests. The profiles can be differentiated according
to the pupils’ interests.

The study results offer valuable insights that can improve workshops beyond
our own. It’s essential to refine materials to better meet the target audience’s
needs. Differences in terminology, such as "robot" and "humanoid robot," be-
tween students and instructors require a more focused approach. Targeted tasks
are crucial for conveying concepts and correcting misunderstandings. Workshops
focusing on non-humanoid robots may not fully achieve educational goals, high-
lighting the need for a more varied approach in robot-based learning activities.
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A Additional Diagrams

(a) Classification: The scale runs from 0
(toaster) via 3 (human) to 6 (superhero)

(b) Appearance: 17% human, 12% ani-
mal, 43% tool, 28% something different

Fig. 7: Classification and appearance of the student’s own robots (n=117)

(a) The percentage of robots able to see,
hear, feel, smell, taste and hold the bal-
ance (multiple answers possible)

(b) Perception: recognize themselves,
listen and understand, programmable
(multiple answers possible)

Fig. 8: Senses and perception of the children’s robots (n=117)
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(a) Self-will: The grade of self-will the
children’s robots have, from self-willed to
always do what they are told

(b) Feelings: The robot is crying if a task
is not working out or it doesn’t matter,
because it is just a machine

Fig. 9: Self-will and feelings of the children’s robots (n=116)
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Abstract. This study investigates sixth and eighth graders’ understand-
ing of the differences and similarities between smartphone and desktop
hardware components. Through semi-structured online interviews with
49 students, the research reveals that children most often compared the
number or size of components in the devices, or noted that both types
of devices have some components (e.g., memory) but not others (e.g.,
fan). Additionally, eighth graders, compared to sixth graders, tended
to possess more scientifically accurate views, particularly in recognis-
ing key components like processors in both smartphones and desktops
and were more likely to be aware of invisible components (e.g., proces-
sor). These findings underscore the importance of tailoring educational
materials to address these preconceptions. Future work will focus on de-
veloping educational resources that deepen students’ understanding of
desktop architecture and components, guiding them from intuitive no-
tions to scientifically grounded knowledge.

Keywords: Computer Science · Education · Lower secondary school ·
Conceptions · Hardware · Hardware components

1 Introduction

Teaching about hardware, computer components, and the internals of comput-
ers remains important, as emphasised in current curriculum documents (e.g.,
[3]). This knowledge is also practical for everyday life—most of us have had to
purchase new electronics (e.g., a smartphone) or troubleshoot a malfunctioning
device. To effectively teach this topic, quality educational materials are essential.
However, current materials are often not evidence-based. It is well understood
that such materials must build on children’s preconceptions to help them de-
velop concepts that align with current scientific knowledge [4]. Research shows
that children’s understanding of digital technologies is typically intuitive and
fragmented, shaped by everyday experiences (e.g., [5]). Furthermore, a deep,
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conceptual grasp of underlying principles is rare, even among adolescents (e.g.,
[2]).

A key idea in computer hardware education is recognising that similar com-
ponents with similar purposes exist across different digital devices. While some
research has explored children’s preconceptions about desktop computer compo-
nents (e.g., [6], [5]), the comparative aspect regarding other devices is less fre-
quently studied (e.g., [1], [6]). This study investigates sixth and eighth graders’
understanding of the similarities and differences between smartphone and desk-
top computer internal components. We are not concerned with normative cor-
rectness, as every preconception can be valuable for developing effective teaching
materials [4].

We chose this age group because adolescents are generally familiar with both
desktop computers and mobile devices [2] and should recognise some differences
and similarities.

2 Method

This study was part of a larger mixed-methods project. As part of this project,
children participated in 45-minute semi-structured online interviews conducted
via Zoom, during which they answered the following question on comparing
desktop computers and cell phones: “How does the inside of a computer differ
from the inside of a smartphone?”. This question was followed by additional
follow-up questions, when relevant. This poster presents findings specifically from
this segment of the interviews.

The study involved 25 sixth-graders (around 12 years old, 13 girls) and 24
eighth-graders (around 14 years old, 12 girls), all of whom had minimal prior
exposure to computer science topics in school. Participants were recruited from
various regions across Czechia through Facebook and a network of teachers to
match the characteristics of the general school population in the Czech Republic
(except for neglected audiences), and they were compensated with table games
or LEGO sets valued at approximately 20 EUR.

We conducted an inductive thematic analysis on the transcribed interviews
using Atlas.ti 24 for Mac, with two coders reaching a consensus on the coding.
Later, we also did a frequency analysis for each preconception. It is important to
mention that the occurrence of a preconception in a child means that the child
spontaneously mentioned it. Therefore, if a preconception has a low frequency,
it means that not many children spontaneously mentioned it, not that many
children do not have it. It could be that they didn’t talk about it (due to various
reasons) or they simply didn’t know. It could happen that one child could have
multiple preconceptions.

3 Results

We identified 15 unique preconceptions, all listed in Table 3. The most common
preconception was that the inside of a smartphone is identical to a desktop
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computer, only everything is smaller (n = 35; 71%). Some children believed
that certain components are found in both smartphones and computers, such as
memory (n = 4; 8%), battery (n = 6; 12%), and processor or some centre (n =
4; 8%). We did not distinguish between types of memory.

Fifteen children (31%) reported that a smartphone has far fewer components
than a computer. Some components were identified as absent in smartphones,
such as a fan (n = 9; 18%) and processor or some centre (n = 1; 2%), or as
being fewer in number, such as cables (n = 4; 8%). Interestingly, while 11 children
(22%) believed that a computer has more memory than a smartphone, one child
(2%) expressed the opposite view, stating that the smartphone has more memory
than the computer.

Eighth-graders descriptively tended to have more preconceptions related to
“invisible” components (e.g., both smartphone and desktop have a processor or
centre), though these results were not statistically significant. Overall, the results
suggest a low level of awareness about this topic among children in both age
groups.

Table 1. Preconceptions about the differences and similarities between smartphone
and desktop components. Percentages are expressed from the number in the given
group.

Preconception Total Grade 6 Grade 8
inside of a smartphone is identical to a desktop com-
puter, only everything is smaller

35 (71%) 16 (64%) 19 (79%)

smartphone has fewer components than desktop 15 (31%) 9 (36%) 6 (25%)
desktop has bigger memory (of unspecified type) than
smartphone

11 (22%) 7 (28%) 4 (17%)

desktop is more efficient than smartphone 10 (20%) 4 (16%) 6 (25%)
smartphone does not have a fan 9 (18%) 4 (16%) 5 (21%)
both smartphone and desktop have a battery 6 (12%) 1 (4%) 5 (21%)
both smartphone and desktop have a centre/processor 4 (8%) 0 (0%) 4 (17%)
both smartphone and desktop have a memory (unspec-
ified)

4 (8%) 0 (0%) 4 (17%)

smartphone has fewer cables than a desktop 4 (8%) 2 (8%) 2 (8%)
both smartphone and desktop have unspecified discs 2 (4%) 1 (4%) 1 (4%)
components are stored differently in a smartphone than
in a desktop

2 (4%) 0 (0%) 2 (8%)

components are wired differently in the smartphone and
in the desktop

2 (4%) 1 (4%) 1 (4%)

smartphone has metal parts 1 (2%) 0 (0%) 1 (4%)
smartphone does not have a centre/processor 1 (2%) 1 (4%) 0 (0%)
smartphone has bigger memory than a processor 1 (2%) 1 (4%) 0 (0%)

4 Discussion and Conclusion

Our findings strengthen and extend the abovementioned existing body of litera-
ture in this area by identifying 15 preconceptions. Some of these preconceptions
are partially described (albeit in different words) in the literature (e.g., [1], [6]),
and we confirm their existence in a new, younger, and larger sample. Others are
novel (e.g., smartphone does not have a fan). At the same time, the results offer
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practical implications, as they can assist teachers in focusing their lessons on
highlighting the similarities and differences between smartphones and desktop
computers, emphasising that elementary components such as the processor can
be found in all such electronic devices, but that there may also be differences in
material, size or wiring.

When comparing the two age groups, we observed that older students were
generally more likely to even identify specific components. The underlying rea-
sons for this were not revealed in the interviews. We speculate that eighth graders
may be more familiar with the internals of a computer than a smartphone, lead-
ing them to make assumptions about its components. Generally, eighth graders
tended to have more scientifically accurate preconceptions (e.g., both smartphone
and desktop have a centre/processor).

However, this research has certain limitations. The sample size and diversity
could be improved for better generalisability; especially, we were unable to recruit
participants from disadvantaged communities. Additionally, the online format
reduced our control over the children’s activities during interviews.

Our next step will be to develop educational materials tailored to differ-
ent levels of children’s knowledge about hardware components and architecture,
based on their preconceptions. The goal is to guide students from these precon-
ceptions to a more accurate, scientifically grounded understanding.

Acknowledgments. This study was funded by GAUK 360322 and GAČR 22-20771S.
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Abstract. Digital technologies are omnipresent in our daily lives. Since
people have to interact with them, it is crucial that they understand how
the digital world works. This contribution proposes an activity based on
cards to raise people’s awareness on computer science concepts. During a
60 to 90 minutes workshop, participants working in groups of 2 to 4 peo-
ple have the opportunity to analyse a real-world situation involving an
interaction with a computer system. The cards and a board both struc-
ture their analysis and guide them through their thinking. The activity
has been tested once and improvements are planned as future work.

Keywords: Informatics · Digital world concepts · Card game.

1 Introduction

Digital technologies are spreading, reaching mostly every aspects of our daily
lives and this will be even more true in the future. To be able to interact gen-
uinely with them, humans need to understand a bit how they are working. This
contribution proposes a card-based activity that can be conducted in a short
time to make their participants aware of what is the digital world. The activity
makes the participants think, starting from a real-world situation they have to
analyse regarding the components the analysed computer system is made of.

1.1 Related work

Using games to teach computer science concepts is a very common approach
that has been used in many projects [7, 3, 4]. In particular, card-based games
or activities are being developed, should it be for pupils and targeted to broad
concepts [5] or for older students and on more specific subjects [6, 1].

1.2 Motivation

Designing an activity based on cards and that can be used with a limited amount
of time makes it suitable for many kinds of events. Also, having a pen-and-paper
unplugged activity makes it more engaging and motivating [2]. The proposed
activity can also be easily adapted to different age groups and learning goals,
simply by selecting the cards to use or by designing new cards.
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2 Card Game Design

The proposed activity to raise awareness among people about how the digital
world works is based on cards. These latter are organised in different categories
depending on their role in the activity. The proposed activity lasts between 60
and 90 minutes and can be organised in groups of 2 to 4 people.

2.1 Cards

The spirit of the proposed activity being to be connected to the real world, the
first category of cards is the “situation cards”. These cards describe a situation
in which there is an interaction with a computer system. As shown on Figure 1
(left card), these cards have a title, a picture and a description text. During
the activity, participants have to use cards from other categories to analyse
the situation they chose to work on. Figure 1 shows one “hardware card” and
one “software card” (on the right). These two categories are at the heart of
the proposed activity as any computer system always consists of at least one
hardware and one software element. Participants will have to identify which
hardware and software components may be involved in the computer system they
are analysing, starting from the situation they are working on. Other categories
of cards have been defined, like “input cards” and “output cards”.

ORDERING TERMINAL

I am feeling a little hungry after
a walk in town and I go to a fast-
food restaurant where I place my
order at an ordering terminal.

SITUATION CARD

MICROCONTROLLER

A microcontroller is a small com-
puter, less powerful and consum-
ing less energy. It is usually em-
bedded in an object to give it
some “intelligence”.

HARDWARE CARD

PROGRAM

A program is a set of operations
and instructions that are meant
to be executed by a computer to
perform a given task.

SOFTWARE CARD

Fig. 1. Situation cards are the starting point of the activity, proposing a real-world
situation to be analysed. Hardware and software cards are use to make participants
aware of invisible parts of computer systems.

2.2 Activity board

To organise the activity, each group of participants receives a sheet of paper
which is the activity board, used to guide the activity. Figure 2 shows the board
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which consists of four areas. When analysing the real-world situation in the
activity, the participants first have to go through all the hardware and software
cards, identifying those which they think are involved in the computer system
under analysis. The group then writes for which purpose each chosen hardware
and software component is used in the computer system. They then think about
the input provided to the system and the output that it produces, to refine their
analysis. Each group then presents the results of their work in front of everyone,
to get a direct feedback from the other groups and from the animator.

The parts of the computer system
which I see and which I interact with

Provided input Produced output

The hidden face of the computer sys-
tem which I am not seeing

Fig. 2. The activity board consists of four areas that are guiding the analysis produced
by the participants based on the cards.

3 Conclusion and Future Work

To conclude, this contribution presents an activity based on cards that can be
used to help raise people’s awareness about how the digital world works. The
proposed activity has been tested with three groups of adults who never got any
courses related to computer science in their education. The feedback collected
right after the workshop was positive as the participants felt that they learned
things they were not aware of. The activity also sparked the curiosity of the
participants to know more about informatics. Future work includes adding new
cards in each category and also attach a level on each card, to ease the design
of several activities adapting to different audiences.

Acknowledgments. The author thanks his work colleagues Didier, Ludivine, Marie,
Omar, Olivier and Sophie who tried out a first version of the card game and provided
relevant feedback to improve the activity.
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Abstract. The ability to work with data is increasingly vital in today’s
digital age, and databases are still an essential part of computer science
education. The key concepts are part of beginner university courses and
secondary school classes. However, many current courses and textbooks
contain dull examples, and the motivation to learn about databases
doesn’t seem particularly strong. In this submission, we want to present
our approach in developing two massive open online database courses.
We pursue a playful storytelling approach and work with H5P elements
and aDBenture (an online tool for SQL queries) to make learning more
interactive and motivating and utilize some of the advantages of game-
based learning.

Keywords: database education · database teaching · game based learn-
ing · massive open online courses

1 Motivation and Background

Databases are omnipresent in the age of digitalization - they are needed when-
ever data is stored, retrieved, and analyzed. In this respect, relational databases
are still the most widely used and form the foundation [4]. Understanding and
managing the storage of large amounts of data is still (increasingly) important,
whether as part of general education, computer science studies, or in emerging
professional fields (like data science). Learning about databases should, there-
fore, be well-designed and organized in a way that motivates learners.

In 2020, we got the opportunity to develop a two-part open online course
for databases as part of a project1 named eInformatics@Austria (publicly called
1ng0) where five Austrian universities worked together in designing, creating,
and evaluating massive open online courses (MOOCs) for introductory computer
science topics. The target audience was freshmen students in higher education,
interested students, and secondary school teachers. The goal was to make the
learning material interactive and motivating so that it differs from the often
uninspiring examples in textbooks and courses. Additionally, we wanted them
to be easily reusable so that it is possible to use parts of the course(s) and use
the course in different settings. In the following, we describe the concept behind
our database courses and how we tackled all these ambitions.
1 This project was funded under the 2019 Call ’Digital and social Transformation in

University Education’ by the Federal Ministry of Education, Science and Research.
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2 The Concept behind our MOOCs

Competencies and Course Content. First, we designed the MOOCs in a
way that requires no special prior knowledge. To adapt the course content to the
relevant target groups, we based our selection of content on the competencies of
the ACM/IEEE Computer Science Curriculum 2013 [1] and the core concepts
from the database courses at our university, which largely also align with the
school curricula. From this, we narrowed our target competencies and defined
our underlying competence model with three resp. four levels (based on Bloom’s
taxonomy [8]). We have learning materials that provide theoretical knowledge
using small examples in which the learner takes on the role of a mere listener
(level 1). Then, we have those in which the learner participates in a story and
can demonstrate their understanding of the content through small interactions
and have solutions explained to them (level 2). there are also exercises for solving
tasks independently and applying or combining learning content (levels 3, 4).

Regarding the content: The first course2 is about the design of a database -
from modeling with UML diagrams to relational schemas as well as the quality
of those schemas and corresponding anomalies. The second course3 is mainly
focused on SQL databases - from a brief introduction to relational databases
and mathematical basics (Relational Algebra) to the creation and querying of
SQL databases. Learning how to write multiple SQL queries (including aggregate
functions and subqueries) forms the central part of this course.

Structure of the Course Units. We focused on a coherent content structure
and free access and navigation between units when organizing the courses. The
first unit is an overview and introductory unit. Each unit contains an intro-
ductory short text and a list of keywords and questions that can be answered
after completing the unit (as recommended by Handke [7]). This provides a good
overview, creates the possibility of differentiation for participants, and makes it
easier to find content again. Each unit starts with a task (in the context of a
story) defining a goal we want to achieve. This should provide an impulse to en-
gage with the learning materials (as their content is needed to solve the task) and
also help to activate and motivate learners. It also contributes to differentiation,
as learners can try to solve this task directly and thus have a good indication
of whether the unit’s content is relevant to them or whether they have already
mastered it. The task solution is given for comparison and reference. Each unit
also ends with a multiple-choice quiz on its main content, marking the unit as
completed.

Activating Learners through Storytelling, aDBenture, and H5P. Our
main focus is activating and motivating learners. That’s why we don’t have a
professor explaining content in a classroom setting. Instead, our animated (fe-
male) expert, Sam, appears in different settings, like a police station or outdoors.
2 The courses are in German, but description available in English as well:

https://imoox.at/course/Datenbankentwurf
3 https://imoox.at/course/SQL-Datenbanken

https://imoox.at/course/Datenbankentwurf
https://imoox.at/course/SQL-Datenbanken
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Fig. 1. Screenshot from a video with our expert Sam and the police duo

She explains content while walking through a park or chatting with friends in
a bakery, usually embedded in a storyline. Storytelling is a central part of our
learning materials, and learners are often involved in helping the police. E. g.,
they have to solve several criminal cases at the police station using SQL queries,
such as finding a dog kidnapper based on evidence from the threatening letter.
This storytelling approach is also part of the online tool we used for our querying
exercises in SQL (although it was also possible to work with PGAdmin). It is
a free online web tool called aDBenture4 that is made for SQL exercises using
storytelling and uses parts of the advantages of game-based learning [3][11].

Our videos focus on the person speaking, including eye contact, moving away
from continuously visible slides, and the focus on displayed code. This follows
recommendations for videos regarding decreased concentration in slide presenta-
tions without face-to-face contact [6]). For the same reason, we kept the duration
of our videos relatively short. To further engage learners, we take advantage of
H5P elements. All our level 1 and 2 contents are either interactive H5P videos or
interactive H5P books with multiple choice questions, gap fills, drag-and-drop,
and other task types. The interactions encourage thinking along and deeper
learning, breaking up the content designed to keep concentration high. Research
has shown that it drops significantly after about 10 minutes and can thus be
improved [2][6].

(Re)Use of the Course. We also paid particular attention to possible uses
and reuses of the course and its learning materials. MOOCs can be used in vari-
ous settings: As a standalone, as an additional resource, or as a main driver in a
course at a university or school (e.g., in a flipped or inverted classroom setting)
[5][9]. In addition to that, we also considered modular use to facilitate the in-
dividualization and reusability of the course. For example, by allowing teachers
to use only parts of the course in their teaching without compromising the use-
fulness and comprehensibility of the content. To achieve this, we designed and
built our course in a particular, competency-based, modular way (according to
the competence-oriented MOOC life cycle [10]), and our stories only cover one
learning object at a time. Additionally, we licensed everything as open educa-
tional resources (under CC-BY). Overall, this makes the courses easy to maintain
and extend, as content can easily be adapted or changed.
4 Note: The Webtool is available in three languages, we used it in German
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Other Aspects. All our videos have available subtitles and are supplemented
with an alternative text document (transcript with the most important images
from the video) to be more accessible and enable participation for different learn-
ers. The gender and diversity aspect was important to us as well. That’s why we
deliberately created a female, non-white role model in our expert Sam, and the
mixed police duo Lara Fischer and Amar Kovać play a central role in our sto-
ries. We take great care to avoid recurring stereotypes and distribute the parts
of speech evenly - or sometimes intentionally female-dominated (with the idea of
reversing the roles, following the deconstructivist approach in gender research).

3 Conclusion

Our MOOC has been carefully thought through, considering various aspects. We
rely on a mixture of storytelling, interactive H5P elements, and diverse learning
materials and use an online SQL query tool that supports our approach. We
have already tested the courses as an added value in university courses and
evaluated and improved them. The feedback received from the students and the
MOOC participants was overall positive. Nevertheless, the courses are designed
for a broader target group and different usage scenarios to be suitable for our
students as well as other universities interested school students, and teachers.
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Abstract. Over the past decades, Massive Open Online Courses or
short MOOCs have become increasingly popular. Although they offer
many benefits, some challenges have emerged over time. Mass courses
are needed to address increased demands, diversity, and heterogeneity
among learners. Therefore, the DigiFit4All project was initiated to de-
velop Personalized Open Online Courses (POOCs) based on competency
models. It also includes creating course materials related to digital skills
and informatics. This poster provides an overview of the DigiFit4All
project, highlights relevant points, and illustrates some advantages and
challenges associated with POOCs.

Keywords: Personalized Open Online Courses · Digital Skills · Com-
petency based

1 Introduction

Since their introduction in 2008 by George Siemens and Stephen Downes, Mas-
sive Open Online Courses (MOOCs) have significantly impacted the educational
landscape. [1] They rapidly gained popularity as an effective alternative to tra-
ditional classroom-based learning. The New York Times called 2012 the ’Year
of the MOOC’ because of all the hype around MOOC platforms. [2] However,
challenges related to learner diversity and individual needs began to surface as
their use grew. This led to the development of Competency-based and Person-
alized Open Online Courses (POOCs). This paper will explore the benefits and
challenges of competency-based and individualized open online courses, focusing
on the DigiFit4All1 project, which uses the GECKO2 and KAUA3 platforms
developed at the University of Klagenfurt to personalize the courses.

1 https://www.digifit4all.at/
2 https://gecko.aau.at
3 https://kaua.aau.at
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1.1 The DigiFit4All Project

The DigiFit4All project started in 2020 as a collaboration between the University
of Klagenfurt, Vienna University of Technology4, Johannes Kepler University
Linz5, and Danube University Krems6. The project aims to provide competency-
based and personalized open online courses for Austrian universities’ pupils,
students, teachers, and administrative staff. The focus also includes providing
materials related to digital skills and information technology tailored to the
individual needs of each participant. [3, 4]

1.2 Platforms Used in the Project

In DigiFit4All, several platforms are used to enable the creation of POOCs. The
GECKO (Graph-based Environment for Competency and Knowledge-Item Or-
ganization) platform was developed to collect and analyze curricula, educational
standards, and competency models [5]. It has been adapted for the DigiFit4All
project and extended to include several functions like connecting learning objects
and competencies or creating courses based on selected competencies. GECKO
enables the collection, management, and creation of competency models and the
calculation of learning paths within these models. These learning paths serve as
the foundation for generating personalized online courses. KAUA (Košice and
Alpen-Adria University Assessment) is an online platform for anonymized long-
term surveys [6]. In DigiFit4All it is used for pre- and post-tests for participants
to enable individualization and assessment. Finally, POOCs created in GECKO
are exported to the LMS Moodle, where learners can complete the course.

1.3 Workflows for Teachers and Learners

Teachers log in to set up or modify a course in the GECKO platform. They pick
the skills they want pupils or students to learn, choose any needed prerequisites,
and select teaching materials. They can also create exams and add their assess-
ments. Finally, they import everything into the course. The workflow for learners
is to log in through their institution’s learning management system (in case of
the project Moodle), and start with a pre-test to create a personalized learn-
ing profile. This profile customizes the course content to focus on areas needing
more help. After studying the materials, students take a post-test to check their
progress, which does not impact their final grade. [3]

2 Advantages

Competency-based and personalized open online courses offer many benefits.
Personalized Open Online Courses (POOCs) are an extension of traditional
4 https://www.tuwien.at/
5 https://www.jku.at/
6 https://www.donau-uni.ac.at/de.html
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MOOCs, offering flexible, globally accessible learning tailored to individual stu-
dents’ unique needs, paces, and styles. [7] These courses use adaptive learning
paths to help students focus on their strengths and address weaknesses, enhanc-
ing motivation and engagement by making learning relevant to their interests
and goals. POOCs break down geographical and time barriers, providing flexible
access to education from anywhere. They can serve many students simultane-
ously without compromising quality, incorporating instant feedback to improve
learning effectiveness. By reducing the need for physical infrastructure, POOCs
lower education costs and are especially beneficial for non-traditional students,
such as working professionals, parents, and those with learning disabilities. [8]
For teachers POOCs and primarily DigiFit4All provide additional advantages.
They can use the materials for their students and take on the role of coaches. This
gives them the time to support students with problems and to accompany them
more intensively in the learning process. Interviews with participating teachers
show that selecting competencies to create a course is very useful.

3 Challenges

Competency-based and personalized open online courses face several challenges.
Customizing learning paths requires complex and expensive technology. Accessi-
bility can be an issue, particularly for those with poor internet access. Students
need technical proficiency and reliable internet access, which can disadvantage
those without these resources. Additionally, the limited interaction and support
in POOCs may make learning more difficult, as these courses often lack the face-
to-face engagement and networking opportunities found in traditional programs.
The self-paced nature of POOCs requires high levels of self-motivation and dis-
cipline from students, as the lack of structure can reduce engagement. [8] Two
significant challenges were examined and dealt with through master’s theses.

3.1 Security in a Web-based System

Reliable and scalable technology is essential for a good user experience, and data
privacy is crucial given the handling of sensitive information. The main actions
to ensure the security of the DigiFit4All project are based on given standards
for secure software development. In the first step, 34 actions were identified
and prioritized, including password confirmation and reset via e-mail, automatic
account logout, or password strength display. [7]

3.2 Quality Assurance of Course Material

Quality assurance is needed to ensure learning goals are clearly defined and
effectively taught. By selecting learning goals from the collection in GECKO,
users or course developers don’t need to determine their own goals. The material
created during the project is evaluated according to a specially defined quality
model, including 17 prioritized criteria grouped into content, didactic design,



Advantages and Challenges of POOCs 137

accessibility, and usability. Experts used these criteria in several iterations to
show which aspects of the created material had to be improved or revised. It
showed that the DigiFit4All material has its strength in content and accessibility,
whereas the didactic design needed some adjustment. [9]

4 Conclusion

The DigiFit4All project aims to deliver competency-based and personalized open
online courses (POOCs) tailored to the needs of learners. The GECKO platform,
central to this project, helps create and manage personalized learning paths by
allowing educators to design and adjust courses based on specific competencies.
POOCs extend the benefits of traditional MOOCs by offering flexible, globally
accessible learning that adapts to individual needs, breaks down geographical
barriers, and lowers costs. However, challenges include the complexity and cost
of technology, ensuring quality, maintaining student motivation, and addressing
accessibility and technical issues.
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Abstract. The relevance of digital and IT education in today’s work-
ing world is increasing noticeably, and numerous associated competencies
are required. For this reason, subjects, courses, or training programs that
teach digital and IT skills are currently of great interest to everyone in-
volved. As topics are dealt with differently due to various disciplines and
locations, Austria has no uniform or coordinated formats. This makes
it challenging to obtain an overview of the content taught or compe-
tencies achieved. A real-time indicator is urgently needed for political
reasons, among others. The objectives of the project Digital Teaching
Map (DigiTeaMap) are the collection of data on taught content about
digital and IT competencies via an interface developed for this purpose
and a clear presentation of this data, which enables the comparison at
the level of individual universities and regions, as well as at the national
level. This poster describes the idea and background of the project and
first experiences with the platform.

Keywords: Digital Education · National Curricula · Data Representa-
tion

1 Introduction

Universities and other educational institutions currently find themselves in a
situation where the overview of courses on offer and the boundaries between
subject areas are unclear. For example, similar content in digital and computer
science education is addressed independently and not in a coordinated manner
in various curricula. On the one hand, this is due to the confusion of terms
such as ’digital skills,’ ’media skills’, or ’IT skills’ [1, 2]. There is a clear overlap,
meaning that skills can be located in several subject areas. On the other hand,
various curricula and study plans also follow different focal points and, for these
reasons, sometimes cover different competencies [3]. While this is undoubtedly
in the interests of education and the education system, it tends to hinder a clear
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view of the range of courses offered locally, like for example in Austria, or even
internationally. The points mentioned concern the higher education sector and
are also an issue in the school environment. In computer science alone, the ex-
ample of Germany becomes complex regarding an overview of this subject in
the various federal states. For this reason, the German Informatics Society (GI)
has published the Informatics Monitor3. This clearly shows, in the form of a
map and using color coding, which federal state is introducing computer science
and when and in what form. However, the data is based on static data sets. The
objectives of the project Digital Teaching Map (DigiTeaMap) are (a) to ensure
the collection of data on digital skills in education via a low-threshold interface,
(b) to create a clear presentation of the content taught, and (c) to enable the
possibility of a comparison - also graphically - at the level of individual univer-
sities, regions, but also national level. To achieve these goals, the DigiTeaMap
platform is being developed, which is based on an existing system for recording
competencies (GECKO) and offers an interface for recording, displaying, and
comparing taught competencies suitable for each user group.

2 Background and Details of the Project

2.1 Goals and Benefits

The project is relevant from several dimensions arising from the different use
perspectives. On the one hand, it can serve as a tool to clearly communicate the
current state of IT and digital education to education policy-makers and thus
accelerate decision-making. For teachers at universities and in the general educa-
tion sector, the project supports the planning of content and offers. Furthermore,
the search for synergies, coordination between teachers, and cooperation between
them will be promoted. From a scientific perspective, the collected data provides
a basis for further research into digitalization’s socially relevant components and
sustainability. In addition, the project results will provide learners and compa-
nies with a basis for decision-making. Students can understand which universities
focus on their areas of interest and thus receive help in their selection.

2.2 Related Work

The project was inspired by the Informatics Monitor but differs from exist-
ing work in several respects. For example, no national skills database currently
records the digital and IT services offered by educational institutions, initiatives,
and associations. This would provide a basis for further research and additional
information gathering. The very diverse picture of education in Austria is bro-
ken down into a straightforward form of presentation (zoomable map). Although
such a representation has already proven worth in similar contexts (e.g., Infor-
matics Monitor), it is not currently used in Austria. The representation as a map
and comparison platform is not static but offers a ’real-time status’ similar to
Google Maps. In comparison, the Informatics monitor is based on static data.
3 https://informatik-monitor.de/
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2.3 Competency-based Education

Another current topic in the educational landscape is competency orientation.
The teaching of competencies is assumed, which means, among other things, it is
stated what learners should be able to do after individual units or entire courses.
This is becoming the standard in Austria, primarily in the school context but
also increasingly in higher education [4]. The GECKO (Graph-based Environ-
ment for Competency and Knowledge-Item Organization) environment from the
Institute for Informatics Didactics at the University of Klagenfurt enables the
collection, management, and analysis of competencies and their dependencies.
The DigiTeaMap uses GECKO as a basis for the data collection.

3 First Results

3.1 Collecting the Data

An interface was developed and integrated into the GECKO platform to record
and integrate the teaching sequences. It uses a split screen to display the sequence
on the one hand and the pool of selectable competencies on the other hand.
Teachers can search for suitable competencies and drag and drop them into their
sequence, arranging them in the order in which they teach them. If a competency
can not be found, a new one can be generated and stored. Competencies can be
grouped into topics, and the time used to teach these topics can be added.

3.2 Displaying Collected Data

The collected data is displayed in a filterable map of Austria, which can be viewed
at the state and district levels. In the GECKO environment, competencies are
stored with attributes, which are used as options to filter the interactive map.
A color code similar to a heat map is used to reflect the different frequencies
of occurrence of the individual attributes. For example, one main filter option
is the category. Each competence is assigned to one of the following five areas:
algorithms and programming, data representation, digital applications, digital de-
vice and infrastructure, and humans and computers. Users can now filter on the
map how often competencies belonging to one of the five categories occur in
learning sequences in the Austrian area: a red state or district indicates a high
occurrence. In contrast, a yellow state indicates rare references to competencies
in a particular area. This can be seen in Fig. 1 and in Fig. 2.

3.3 User Experience

The data was collected using existing lesson plans from teachers in different
states in Austria. Since lesson plans in Austria must include competency de-
scriptions, these could easily be converted into learning sequences and incorpo-
rated into the platform. When writing this article, 33 learning sequences have
already been collected and are shown on the map. Participating teachers liked
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Fig. 1. Interactive map at state level Fig. 2. Interactive map at district level

comparing their plans with others, and the representation form was also men-
tioned as enjoyable. The feedback from testing the platform will be considered
for subsequent releases.

4 Conclusion and Future Work

In recent years, many different offers concerning digital education have come
up. It is becoming increasingly difficult to maintain an overview and compare
content. The project DigiTeaMap aims to develop a fast and easy way to collect
necessary data and to represent the results in a valuable and representative way.
Based on competencies included in learning sequences, different data can be
shown on an interactive map of Austria. First tests and data collections indicate
that the format is well-chosen and valuable for users. In the project’s next steps,
further data will be collected to fill the map with information. Further steps will
include an expansion to an international level.
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Abstract. Physical computing, using programmable devices to learn
computing concepts and skills, is becoming increasingly widespread in
schools, with studies reporting that children find it engaging and cre-
ative. However, there is still a need for research to investigate the impact
of physical computing longitudinally. The study described in this short
paper uses a longitudinal concurrent mixed methods design to answer
questions about young people’s creativity, self-efficacy, and agency over
a period of five years, while also drawing on parents’ and teachers’ con-
tributions. Here we describe the motivation for this study, the overall
design, and the progress to date. We anticipate that this study will make
a significant contribution to approaches to teaching computing in school.

Keywords: physical computing · computing education · K-12 education
· mixed-methods research

1 Introduction and Background

Physical computing involves combining software and hardware to build concrete
and tangible physical systems that sense and respond to the real world [6]; it is
becoming more prevalent in schools with the development of new low-cost de-
vices [3]. Previous research in physical computing has shown that young people
find it motivating [6]; more research is needed to examine whether these early
experiences impact confidence and creativity in future years. This short paper
describes the design of a five-year longitudinal project to investigate the experi-
ence of young people who have engaged with physical computing over time. The
project will examine changes in attitudes, creativity and agency at key points
as the young people progress from primary through to secondary education in
the UK, and will also explore the perceptions and attitudes of both parents and
educators involved with the young people over a similar timeframe.

Recent studies have investigated the impact of physical computing on young
people, providing some evidence that physical computing develops creativity [7,
8], generates interest in computing [4], develops intrinsic motivation [6], and that
its tangibility supports learning [8]. Other research in physical computing sug-
gests that it makes computer science concepts and skills accessible to a broader
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population [3], and some evidence has started to indicate that physical comput-
ing may help to address gender imbalance in the subject [7, 9]. To address the
need to ascertain the longer-term impact of working with programmable devices,
this new project, Exploring Physical Computing in School (EPICS), focuses on
providing a mix of qualitative and quantitative evidence over a number of years,
giving robust empirical evidence as to whether physical computing provides a
valuable context in which to learn the wide-ranging aspects of computing and
technology and can prepare young people for an increasingly technologically
complex world. Three research questions motivate the EPICS research design:

RQ1 How does engagement with physical computing support the development
over time of young people’s creativity, technological self-efficacy and socio-
technological agency?

RQ2 Are there gender-related differences in the way that children engage with
physical computing, and if so, what are the reasons for these?

RQ3 What is the role of teachers and parents with respect to the development of
children’s digital capital through physical computing experiences?

2 The Study

2.1 The BBC micro:bit

An example of a physical computing device is the BBC micro:bit [1]. Over 6.5
million micro:bits have been manufactured and sold since 2015 [2]. In a recent
initiative, all primary schools in the UK who requested them have received a class
set of 30 micro:bits [2]. The fact that thousands of primary schools are now able
to access physical computing has enabled us to focus on the BBC micro:bit as the
means through which the pupils in our study engage with physical computing.
However, the study is not intended to be device-dependent, and the research
design will focus on aspects that relate to physical computing in general.

2.2 EPICS Research design

Within the project, there are two streams of activity:

– a qualitative study following a cohort of pupils, alongside their parents and
teachers, at schools across the UK, and

– a quantitative study with non-matched cohorts of pupils and teachers.

For the qualitative aspect of the study, the schools within the project cohort
have all received a class set of micro:bits and committed to delivering a unit of
work around physical computing in each of the three years, until the pupils leave
primary school. For the final two years of the project, we will continue to follow
the pupils at the secondary schools they move on to (which is as yet unknown),
and monitor any future engagement with physical computing. Interviews with
teachers and parents will also form part of the study.
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The purpose of the quantitative strand of the mixed-methods design is to
gather data from a larger number of pupils, and relate this to engagement with
physical computing. The project will be completed in the early months of 2029.

Figure 1 provides a diagrammatic view of the fully longitudinal concurrent
mixed methods design [5] adopted. This research design approach involves both
quantitative and qualitative data being collected at each (or almost each) time
point, and then merged to create a set of data that is analysed together to
answer the research questions [5]. The design encompasses four time points in
project years 1,2,3 and 5, with qualitative data collected at each time point, and
quantitative data in alternate years 1,3 and 5.

Fig. 1. Longitudinal concurrent mixed-methods research design (Diagrammatic ap-
proach is drawn from [5])

2.3 Initial data collection

In the first stage of data collection (T1 Qualitative), 19 schools have been re-
cruited to the study. In developing the research instruments, we used the foci
within the research questions – self-efficacy, creativity, socio-technological agency
and digital capital – to create interview and focus group schedules. At the time
of writing, 43 focus groups (involving 232 pupils) and 22 teacher interviews
have been held across the cohort of schools. Appropriate ethical procedures were
followed, and consent received from parents, teachers and pupils involved. The
next stage of data collection is the quantitative data from the first year for which
the target is 300 pupils; this is lower than for subsequent years as due to the
children’s young age an activity will be used in preference to a questionnaire.
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3 Summary and next steps

We have outlined the design of a longitudinal mixed-methods research study
focusing on the impact of physical computing on primary school children over
a period of five years, involving pupils, parents and teachers. The next steps in
the project are to complete the data collection and analysis for the first year,
and to report baseline findings from pupils, now aged 8-9 years old, and their
teachers. We look forward to sharing more details of this project as it unfolds.
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and Nominet for their support for this project.
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Abstract. Little is known about lower secondary school students’ understand-

ing of cookies and their awareness of personalized advertising, and even less is 

known about how much this knowledge can be improved. This experimental 

study addresses this gap with Grade 6 (N = 44) and Grade 8 (N = 35) students. 

We assessed their knowledge through interviews and provided a brief, one-on-

one intervention to half the participants. A follow-up interview five months lat-

er evaluated the long-term impact. Initial understanding of students was mixed, 

with some inaccurately believing cookies protect against online threats. Eighth-

graders had better knowledge than sixth graders. The experimental group exhib-

ited strong gain in understanding cookies (η2
p = 0.16), but not personalized ads. 

This study suggests that children often have an experience-based initial under-

standing of digital concepts, but a simple intervention can enhance it. 

Keywords: Computer science, Education, Lower secondary school, Cookies, 

Personalized advertisement, Conceptions, Learning. 

1 Introduction 

Children develop initial conceptions, also called pre-conceptions, about the world 

around them, including digital technologies. Understanding these pre-conceptions is 

crucial before developing new educational materials on respective educational targets 

[2]. Recent studies have mapped various child pre-conceptions about digital technolo-

gies (e.g., [1–6]), indicating an intuitive and fragmented understanding often rooted in 

everyday experience. Conceptual understanding of “invisible” principles behind ob-

servable aspects of these technologies is rare, even among adolescents (e.g., [1]). 

Additionally, evidence-based materials promoting such understanding are lacking. 

Cookies are a cornerstone concept in the networking and cybersecurity strands of 

new K-9 computing curricula (e.g., [7]), but children’s understanding of cookies and 

how to promote it remains underexplored. Hug [3] only briefly mentioned that 
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schoolchildren may have incomplete knowledge about them, a concern that also ap-

plies to adolescents aged 16–18 [9]. 

Hence, this study examines understanding of cookies and personalized ads (a vivid 

example of cookie usage) among Grades 6 and 8 students. We chose this age group 

because most adolescents already have long experience with digital devices [8], likely 

having encountered cookies and ads while browsing the web and, as constructivists 

frameworks imply (e.g., [2]), they should be aware of, at least, cookies’ existence. 

However, awareness does not necessarily imply understanding. Hence, we explore 

whether and how much we can boost children’s comprehension of these concepts. 

2 Method 

This study was part of a larger mixed-methods project with children involving inter-

views about internet principles, including cookies and personalized ads. Half received 

an online one-on-one tutoring session on these topics, followed by another interview 

five months later. Here, we present only findings about cookies and personalized ads. 

Participants included 44 sixth-graders (age ~12y, 19 girls) and 35 eighth-graders 

(age ~14y, 15 girls) with limited prior exposure to computer science topics in school. 

They were recruited from various regions of Czechia via Facebook and a teacher net-

work, and compensated with a table games worth ~50 EUR. They were randomly 

assigned to experimental (nGr.6/8 = 26/17) and control groups (nGr.6/8 = 24/20). 

Each child participated in three 45–60-minute online sessions via Zoom: an initial 

interview (April–June 2022), a week-later tutoring session (experimental) or unrelat-

ed, no-instruction activities (control), and a final interview (autumn 2022). Pre- and 

post-interviews were semi-structured, with set questions and follow-ups based on 

responses. Key interview questions relevant in this paper focused on recognition and 

understanding of cookies and personalized ads (e.g., Have you even heard the word 

‘cookie’? What does it mean to you? etc.).  

The teaching session (experimental group only) covered internet principles, includ-

ing a 5–10-minute segment on personalized ads and cookies, using graphics, explana-

tions, discussions, and activities. Key points from this segment included information 

we deemed relevant for and understandable by adolescents that: a) ads do not appear 

randomly on devices, but their content depends on our internet activities; b) what we 

do on the internet is stored on servers (the concept of servers was also explained); c) 

cookies are files allowing servers to collect information about our online behavior; d) 

cookies are associated with both benefits and risks (including examples of each). 

Pre- and post-interviews were transcribed and analyzed using inductive (bottom-

up) thematic analysis in Atlas.ti 22 by four coders and an auditor. 

3 Results 

Codes. The thorough inductive analysis yielded not more than three codes on cookies: 

1) awareness without deeper understanding; 2) partial or correct understanding; and 

3) a misconception that cookies serve as protection. Examples include: 
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1. Awareness without understanding: “You have to confirm it on the internet, that 

you agree with it.” (Grade 6) 

2. Partial or correct understanding: “[Cookies] are small documents that save infor-

mation eeh about you basically and help … show relevant ads.” (Grade 8) 

3. Misconception about protection: “[Cookies] are protection against hackers [and vi-

ruses]. … it appears on a webpage when opening it. And there is an option to agree 

with all the protections by cookies…” (Grade 6) 

Regarding personalized ads, participants either were or were not aware of them; more 

nuanced pre-conceptions were not found. 

Pre-conceptions. In the initial interview, 22 (50%) sixth-graders were aware of cook-

ies, 14 (32%) had a partially correct or correct understanding, and 8 (18%) never no-

ticed cookies. Almost all eighth-graders were either aware of cookies (n = 15, 43%) 

or had a partially correct or correct understanding (n = 19, 54%). Better knowledge of 

cookies was strongly associated with awareness of personalized ads (rs = .49, p < 

.001). The misconception that cookies serve as protection was noted seven times 

among sixth-graders and only once among eighth-graders. Additionally, 18 (41%) 

sixth-graders were aware of personalized ads, compared to 30 (86%) eighth-graders. 

Learning. For pre-post analysis on cookies, 2 points were assigned for correct under-

standing, 1 point for awareness, and 0 points for neither. The intervention significant-

ly improved knowledge about cookies (F(1, 75) = 14.73, p < .001, η2
p =.16) for both 

age cohorts (F(1, 75) = 0.11, p = .739, η2
p = .00) (Figure 1). Knowledge of personal-

ized ads improved between pre-test and post-test (F(1, 83) = 11.74, p < .001, η2
p = 

.12), but the change was similar in both experimental and control groups (F(1, 75) = 

0.04, p = 0.835, η2
p = .00). Post-learning, 17 (65%) sixth-graders from the experi-

mental and 14 (58%) from the control condition were aware of personalized ads, 

whereas 17 (100%) eighth-graders from the experimental and 18 (90%) from the con-

trol condition were aware. 

4 Discussion and Conclusion 

We demonstrated that some sixth-graders were unaware of cookies or misunderstood 

their purpose, despite encountering frequent prompts to accept cookies on their per-

sonal devices. Eighth-graders generally had better, but still limited, knowledge (de-

spite years of exposure). Older students also showed greater awareness of personal-

ized ads. Altogether, exposure increases awareness, but not necessarily understanding. 

This corroborates previous pre-conception studies (e.g., [1–6]).  

A brief educational intervention significantly improved students’ understanding of 

cookies, with effects lasting nearly six months. This suggests that enhancing concep-

tual knowledge of digital world elements can be achieved in schools with relatively 

small effort, particularly for understanding cookies. However, the intervention did not 

improve knowledge of personalized ads compared to the control group.  
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Fig. 1. Points for comprehension of cookies by pre- and post-test and experimental (full line) 

vs. control group (dashed line). Left: both age cohorts. Middle: Grade 6. Right: Grade 8. Scale 

0 – 2. 

Despite a small sample size and the tutoring nature of the intervention, the study’s 

experimental design is a key strength. Future research should explore effects of teach-

ing sessions about other non-programming computer science concepts, as they com-

plement computational thinking strands of new computing curricula.  
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Abstract. This study investigates primary school teachers' conceptions of inter-

net architecture, a largely underexplored area in early computer science educa-

tion. We analyzed the conceptions of 59 pre-service and novice in-service pri-

mary school teachers from the Czech Republic, who are expected to teach the 

functioning of the internet in their future practice. Participants drew and de-

scribed their understanding of internet architecture during semi-structured online 

interviews. Thematic analysis revealed conceptions similar to the conceptions of 

children, or ones that could hinder the teachers' later understanding of how the 

internet functions. These findings contribute to the development of educational 

materials and the preparation of novice primary school teachers. 

Keywords: Computer science, Education, Primary school, Pre-service Teach-

ers, Conceptions. 

1 Introduction 

Computer science education is being introduced or revised at the primary level in many 

countries, including the Czech Republic [e.g., 4]. Recent trends emphasize the im-

portance of teaching the underlying principles of internet as early as primary school 

(ISCED 1). For teachers, this presents a new and challenging topic, highlighting the 

need for effective preparation and the development of appropriate teaching materials. 

A crucial first step in this preparation is for instructional designers to understand teach-

ers’ conceptions of the subject matter [3]. 

At the primary school level, understanding the basic principles of internet function-

ality involves grasping simplified concepts such as data storage on servers, data trans-

mission, and awareness of digital footprints and the decentralized nature of the internet. 

Teaching these fundamental concepts can significantly enhance primary school stu-

dents’ understanding of internet safety. 

Conceptions of the structure of the Internet have been explored, particularly in stud-

ies with children [e.g., 2] but have been less extensively examined among teachers. This 

project aims to investigate the conceptions of novice primary school teachers regarding 
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the structure and functioning of the internet, with a focus on their graphical representa-

tions of internet architecture. 

2 Method 

Data were collected through semi-structured interviews, a common method in precon-

ception research (e.g., [2]). Participants, 59 pre-service and novice in-service primary 

school teachers (Table 1) from 10 Czech universities (average age ~24 years, 56 fe-

male), were asked to draw their concept of internet architecture and describe their draw-

ings. These drawings are the focus of this analysis. 

Recruitment was conducted via Facebook groups for teachers and snowball sam-

pling, with participants receiving approximately 20 EUR. Data collection took place 

online via Zoom, each session lasting about 60 minutes, following a structured inter-

view protocol. The drawing task was introduced with: “If we could see the whole in-

ternet from a bird’s eye view, how do you think it would look? What would it look like 

from a technical perspective?” Follow-up questions were adapted to participants’ 

drawings (e.g., “Does it have any parts?” or “What did you just draw?”). 

The interviews were transcribed and analysed using inductive thematic analysis [1] 

with Atlas.ti 22 by two independent coders. This paper focuses on the drawings and 

associated responses; full interview analysis will be part of a larger study. The research 

was approved by the university’s ethics committee. 

 
Pre-service or in-service status and teaching experience Number of participants 

Pre-service teacher 38 

No teaching experience (except pre-service training during university studies) 27 

Some teaching experience  11 

In-service teacher after graduation 21 

Teaching for less than one year 5 

Teaching for one to three years 16 

Tab. 1. Characteristics of the participants according to their teacher training and length of teach-

ing experience. 

3 Results 

The analysis revealed 12 codes representing either the overall structure (e.g., the inter-

net as a spider web) or specific elements within the images (e.g., the presence of a 

satellite). All identified codes are listed in Table 2, along with the number of occur-

rences. Typically, more than one code was identified in each participant’s image. 

Most participants depicted the internet as a network or connection of two or more 

devices with an unclear structure and ambiguous components (e.g., Figures 1–3). Some 

of these representations were described as “spider webs” or “webs of information”.  

Another significant group of images depicted the internet as an invisible force or 

signal “radiating” from a source (Figures 4–6). Participants in this group described the 



152  A. Drobná et al. 

 

internet as ubiquitous and invisible, originating from a source, which sometimes in-

cluded multiple sources. In several cases, this source was identified as a satellite (Figure 

5). 

 
Codes Number of code 

appearances 

Connecting one user device to another user device 17 

“Radiating” a non-specific signal all around with no internal structure 11 

Including satellite 10 

Including internet center (one to one hundred centers) 7 

Including transmitting tower 6 

Network with unexplained parts (often spider web) 6 

“Earth Globe” covered by some kind of signal 4 

The participant refused to draw a picture (only explained verbally). 4 

Network with explained parts and their functions (e.g. router, server, user device) 3 

Including servers 3 

Other extraordinary conceptions 2 

Devices without connection 1 

Tab. 2. Codes related to participant images depicting the structure of the internet, along with the 

frequency of each element. 

Three participants demonstrated a clear understanding of the internet’s structure, 

closely aligning with how the internet actually operates (Figures 7 and 8). Six partici-

pants provided detailed explanations using technical terms such as “server” and “net-

work router”.  

Four participants depicted Earth covered in an unexplained structure, with one at-

tributing this idea to a movie. A total of 10 participants incorporated satellites into their 

conceptions (e.g., Figure 5, 10), either as a source of internet connection, a transmission 

medium, or data storage. 

 

 

Fig. 1–3. Drawings of participants: Unclear structure or ambiguous components. 

 

Fig. 4–6. Drawings of participants: Non-specific wave or signal.  
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Fig. 7, 8. Drawings of participants: Advanced network. Fig. 9, 10. Drawings of participants:  

"Earth globe". 

4 Discussion and Conclusion 

This study employed semi-structured interviews and drawing tasks to explore the 

conceptions of novice in-service and pre-service primary school teachers about internet 

architecture. Many of the teachers’ conceptions resembled preconceptions typically 

found among children (e.g., the presence of a satellite) [2], though the adult versions 

tended to be more developed.  

For research of this kind, it is important not to rely solely on drawings and brief 

comments from participants, but to ask additional in-depth questions, which is what we 

did. These findings hold potential significance for teacher education related to internet 

functionality. 

However, the study has limitations. For example, participants were primarily re-

cruited through social media, and while they were unaware of the specific interview 

topic, it is likely that they were more engaged teachers. As a next step, it is recom-

mended to develop educational materials to better acquaint teachers with the structure 

and functioning of the internet. 

Acknowledgments. This study was funded by GAUK 484722 and GAČR 22-20771S. 

References 

1. Braun, V., Clarke, V.: Using thematic analysis in psychology. Qualitative research in psy-

chology 3, 2 (2006), 77–101.https://doi.org/10.1191/1478088706qp063oa. (2006) 

2. Brom, C., Yaghobová, A., Drobná, A., Urban, M.: ‘The internet is in the satellites!’: A sys-

tematic review of 3–15-year-olds’ conceptions about the internet. Education and Infor-

mation Technologies 28(11), 1–30. 10.1007/s10639-023-11775-9. (2023) 

3. Diethelm, I., Hubwieser, P., Klaus, R.: Students, teachers and phenomena: Educational re-

construction for computer science education. In: Proceedings of the 12th Koli Calling Inter-

national Conference on Computing Education Research. ACM, 164-17 (2012) 

4. Oda, M., Noborimoto, Y., Horita, T.: International Trends in K-12 Computer Science Cur-

ricula through Comparative Analysis: Implications for the Primary Curricula. International 

Journal of Computer Science Education in Schools, 4(4), (2021) 



PRIMMDebug: A Tool and Process for Teaching
Text-Based Debugging to Beginner Programmers

Laurie Gale1[0009−0004−4299−6704] and Sue Sentance1[0000−0002−0259−7408]

Raspberry Pi Computing Education Research Centre, University of Cambridge,
Cambridge, United Kingdom
{lpg28,ss2600}@cam.ac.uk

Abstract. Debugging is known to be a difficult process for beginner
programmers, especially for those learning their first text-based pro-
gramming language. This is often reflected in the ineffective debugging
strategies employed and the negative emotional reactions that ensue in
students. While much debugging-specific research has taken place, edu-
cators still report the same student difficulties that were present decades
ago. In this poster, we present PRIMMDebug, a work-in-progress process
and tool designed to encourage effective debugging strategies.
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1 Introduction and Background

The process of finding and fixing errors in programs is a notably steep learning
curve for many beginner programmers. Its challenges have been well-documented
over several decades; ultimately, debugging requires sufficient prior knowledge
and experience that beginners do not possess. Several positive interventions
have been explored to ease the challenges of beginner debugging, such as ex-
plicit debugging teaching processes [1], improved programming error messages
[2], and debugging-specific tooling [4]. Despite these efforts, numerous recent
studies highlight the difficulty of teaching debugging in the classroom [5] and
the ineffective methods that some students use to resolve their errors [3].

This poster introduces PRIMMDebug, a work-in-progress approach for ex-
plicitly teaching debugging to school students learning text-based programming,
with the aim of encouraging effective debugging strategies. We seek to do this
through the combination of a process and a tool.

2 PRIMMDebug

PRIMMDebug is designed for school students learning text-based programming.
The process is based on PRIMM [6], a model for teaching text-based program-
ming in schools. The core idea of PRIMM is to scaffold the process of inde-
pendently writing code by gradually transitioning from a foreign program to a
program written by the student.
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PRIMMDebug also builds on systematic debugging teaching processes, that
is, sets of steps used to explicitly model the debugging process to students. The
first of these was introduced by Carver and Risinger [1], with more developed
in recent years. Although initial results show promise, there is a lack of tooling
that concretely models the scaffolding of these processes in their entirety.

2.1 The Process

The PRIMMDebug process is shown in Figure 1 (the italicised text represents
the prompts students are given), with its steps described below. It begins with
an erroneous program, a description of what that program should do, and po-
tentially some test cases. We initially envision programs to contain just one error
due to the focus on the initial experiences of debugging.

Fig. 1: The PRIMMDebug Process as a Flowchart

1. Predict: Students predict the output of the program. If applicable, the
prediction is given for a test case (set of variable values).

2. Run: Students run the program, potentially for a given test case. In cases
where multiple runs are required to ascertain information about the error,
multiple predict-run cycles are completed per test case.
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3. Investigate: We decompose the original investigate stage of PRIMM into
the initial stages of debugging.
(a) Spot the failure: Students consider the difference between the intended

and actual output of the program.
(b) Inspect the code: Students then formulate hypotheses about the loca-

tion of the error.
(c) Find the error: Students enter the line that they think contains the

error, moving on to the next stage if they are correct.
4. (Debug) Modify: Students now attempt to resolve the error, in turn modi-

fying the buggy code. This is a different modify stage to the original PRIMM
as there is a definitive correct change that students can make.
(a) Fix the error: Students edit the program to attempt to fix the error.

Changes to the program should not need to be too significant.
(b) Test: Students run their program with the previously used test cases

and identify whether it is working as intended. If the program still con-
tains errors, they move to stage 3(b) to generate an alternative or more
detailed hypothesis. If students’ changes are corrective, they may end
the exercise or continue with the final two stages of PRIMM.

5. (Original) Modify/Make: Students optionally modify the working pro-
gram to extend its functionality and create a similar instance of the program.

2.2 The Tool

A lightweight tool, currently in the prototype phase, is being developed to enact
the PRIMMDebug process. Figure 2 shows an annotated view of the tool in its
current state.

Fig. 2: The PRIMMDebug User Interface

Ultimately, the tool implements the PRIMMDebug process, inputting stu-
dents’ responses and preventing the running and editing of code at certain stages.
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This tool-process combination aims to instil a more self-regulated debugging be-
haviour than is commonly seen in beginner programmers.

3 Conclusion and Future Work

The need for beginner programmers to develop effective and robust debugging
strategies is paramount. Previous approaches have promise but only limited evi-
dence of their efficacy. We present PRIMMDebug, a combination of a scaffolded
debugging process and a tool that enforces this process. By introducing the
relevant PRIMMDebug steps to students’ own programs, we aim to provide a
strategy that will improve students’ success with debugging.

There is still much work to be done to improve and investigate PRIMMDe-
bug. We first wish to refine the process and tool through feedback from teachers,
students, and researchers. We also plan to conduct a study of students’ debug-
ging behaviour within PRIMMDebug, provisionally in 2025. Such a process-tool
combination study may be of wider use in determining the lasting effect that a
process-enforcing tool has on students’ problem-solving behaviour.
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Abstract. The use of Large Language Models (LLMs) for creating ed-
ucational content presents a promising avenue for supporting computa-
tional thinking education. The goal of this study is to explore the use of
LLMs in evaluating the quality of Bebras tasks based on criteria estab-
lished in previous research. We propose an automated evaluation pipeline
using the open-source library LangChain, where LLMs assess AI gener-
ated tasks against pre-defined criteria. The outcome is an evaluation card
for each generated task, providing insights into its quality. The proposed
methodology can later be used to evaluate AI-generated Bebras tasks.
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1 Problem Statement

Bebras is an international challenge that promotes computing and computational
thinking (CT) in K-12 education. Every year, educators collaboratively design
and select tasks for the challenge. After years of successful Bebras contests, large
language models (LLMs) present new opportunities to apply previous tasks in
generative AI for CT education. A key challenge in using LLMs for education is
evaluating AI-generated content.

In experiments with OpenAI’s GPT-4o, we found that its generated tasks
are often unsuitable for direct assessment. While capable of producing tasks
with clear educational goals, it struggles to solve them and to generate qual-
ity multiple-choice options. This may stem from the model’s inability to revise
outputs and a tendency to hallucinate [5] when uncertain.

AI-generated Bebras tasks can be used for classroom practice with teacher
oversight. Quality measures are essential for handling large volumes of gener-
ated tasks that require human refinement. Such evaluations assist in selecting
appropriate tasks for local Bebras challenges.

To evaluate AI-generated Bebras tasks, a methodology is needed. This poster
outlines a design using criteria for good Bebras tasks proposed in ISSEP 2008
[1], and also [3].
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2 Methodology

The aim is to design an automated methodology to evaluate AI-generated Bebras
tasks. We propose a pipeline using LangChain which is an open-source frame-
work designed for building applications with large language models, enabling
integration with various data sources and interactions with other applications. It
provides components (modular abstractions) and chains (customizable pipelines)
for use cases like data extraction, document-based question answering, summa-
rization, and structured data analysis [2]. A 2024 study showed that LLMs like
GPT-4, when used as judges, can closely align with human preferences, achieving
over 80% agreement—comparable to human-to-human agreement [6].

After the generation of a task it gets fed into the LangChain pipeline, and in
each stage an LLM will analyse the task based on each item in the criteria set
and provide a result for each item. Figure 1 illustrates this process. Finally, each
generated task receives an evaluation card created by all LLMs, assessing various
criteria items and measuring the quality of the task. The proposed criteria are
shown in the first column of Table 1, derived from Dagienė’s criteria [1] (normal
text) and Vaníček’s updates [3] (italic text). Additionally, GPT-4o was provided
with Bebras tasks, using few-shot learning to complement the criteria, which are
shown in bold text.

Fig. 1. Overview of the evaluation process for generated Bebras tasks.

3 Preliminary Results

We generated some examples of Bebras tasks using few-shot learning. The gen-
erated tasks show educational value though still requiring human modifications.
For example on a generated task named “Castle Defense Strategy” 1 despite
generating an interesting question, the model was unable to reason and solve
it correctly by itself. The same situation occured for the “Mirror Maze”2 task,

1 https://chatgpt.com/share/c160b6f1-42da-4a96-9fd3-e73fa58d6c51
2 https://chatgpt.com/share/5b22781e-07ae-414f-8de9-f43af06eec0d
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which also had poor quality in the incorrect multiple choice options. “Its In-
formatics” and keywords sections are generally correct and do not need much
human modification.

Moreover, when asking the model to generate new tasks, the new generations
still look very similar to the previously generated ones. This hints at the impor-
tance of the context and the need to update it after each generation to avoid
repetition. This is a known challenge for LLMs [4].

We have also applied our pipeline to generated tasks, and the results for
“Mirror Maze” are provided in the fourth column of Table 1.

4 Future Work

We are planning to get ISSEP 2024 participants’ input about the proposed pro-
cess and then use the received comments for improvements. The goal is to develop
a robust version of the process for evaluating AI-generated Bebras tasks, which
is also an important step in facilitating the use of LLMs to generate tasks for
CT learning.
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Table 1. Different items in the criteria set, their description, example LLM prompt
and pipeline evaluation summary for the “Mirror Maze” task (First Three Rows).

Criteria Description Example LLM Prompt Answer Summary
Relevance to
Informatics

Task relates to core infor-
matics concepts such as al-
gorithms, data representa-
tion, or logical thinking.

Which informatics con-
cepts are covered by this
task?

Algorithms, programming,
data structures, and repre-
sentations.

Clarity and
Understand-
ability

Problem statement is clear,
concise, and easy to under-
stand.

You are a [intended age]
years old student, write
what do you understand
from the question in few
sentences.

The task involves under-
standing how light reflects
off mirrors in a grid and de-
termining the path it takes
to exit the maze.

Learning Ex-
perience

Task provides a meaningful
learning experience, teach-
ing new concepts or rein-
forcing existing knowledge.

What will a student learn
from solving this task?

Students will learn about
ray tracing, algorithmic
thinking, and the use of
grids and conditionals in
solving problems.

Time Appro-
priateness

Task can be solved within
an average time of 3 min-
utes.

What is estimated time
needed to solve this task for
[its intended audience]?

Around 10-15 minutes

Has a diffi-
culty Level

Simple, all pupils of the
target group should be
able to solve. Intermediate,
challenging tasks that need
some thinking to solve and
Hard which only the best
can solve.

What is the difficulty level
of this task (easy, inter-
mediate, hard) for [the in-
tended audience]?

12-14yo: Hard, 14-16yo:
Medium, 16-19yo: Easy.

Age Appropri-
ateness

Task is suitable for the spe-
cific age group it is in-
tended for.

What age is the appropri-
ate age for being able to
solve this task?

Around 14-16

Curriculum
Independence

Task is independent of any
specific curriculum or edu-
cational system.

What specific curriculum
or educational system is
needed to solve this task?

General informatics or
computer science knowl-
edge is sufficient

System Inde-
pendence

Task is independent of spe-
cific IT systems, software,
or programming languages.

What specific IT systems,
software, or programming
languages are needed to
solve this question?

None.

Single Screen
Presentation

Task can be presented on
a single screen without re-
quiring scrolling.

Does this task fit on a sin-
gle screen without requir-
ing scrolling?

Yes

No Addi-
tional Tools
Required

Task can be solved with-
out the need for additional
hardware, software, or ma-
terials like paper and pen-
cil.

Does solving this question
require hardware, software,
or materials like paper and
pencil?

No

Political Cor-
rectness

Task avoids gender, racial,
or religious stereotypes and
biases.

What are gender, racial
or religious stereotypes and
biases in this task?

None

Engagement
and Fun

Task is engaging, interest-
ing, and potentially fun for
the participants.

How engaging and fun is
this task for students?

Moderately engaging; the
problem-solving aspect is
intriguing.

Quality
of Wrong
Choices

In multiple-choice tasks,
wrong choices are plausible
and designed to avoid easy
guessing.

Are the wrong choices
plausible and designed to
avoid easy guessing?

The wrong choices are
plausible, designed to pre-
vent easy guessing and en-
courage careful considera-
tion.

Cognitive
Load

Task’s cognitive load is ap-
propriate for the intended
age group, avoiding over-
whelming students.

Does the task’s cognitive
load match the [intended
audience]?

The cognitive load is ap-
propriate for the intended
age groups, challenging but
achievable.

Text-Based
Visual Ele-
ments

Task effectively uses text-
based elements to create vi-
sual representations or ex-
planations.

Does the task effectively
use text-based elements to
create visual representa-
tions or explanations?

Yes, it effectively uses text-
based elements to explain
the problem.

Discovery
Learning

Task allows students to dis-
cover principles or solu-
tions through exploration
rather than merely provid-
ing instructions.

Does the task allow stu-
dents to discover principles
or solutions through explo-
ration rather than merely
providing instructions?

The task allows for explo-
ration as students must
mentally or physically
trace the light’s path,
discovering the solution
through analysis rather
than direct instruction.
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Abstract. This study explores the development of artificial intelligence literacy in 

primary education, emphasizing the importance of early introduction to AI con-

cepts. AI literacy encompasses not only understanding AI technologies but also 

developing skills necessary for effective use in the 21st century. The research in-

volved three educational activities conducted with fourth-grade students to intro-

duce them to AI and its underlying principles. A mixed-methods approach was 

used to evaluate the effectiveness of these activities, with data collected through 

questionnaires. Findings indicate that students are highly motivated and capable of 

developing AI literacy through engaging and interactive activities. The study con-

cludes that integrating AI literacy into the primary school curriculum is essential. 
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ment. 

1 Introduction 

Artificial intelligence literacy (AI literacy) is a multifaceted concept that includes not 

only the understanding of artificial intelligence technologies but also the skills and com-

petencies that every 21st-century citizen needs to effectively use AI technologies [1]; 

[2]. Incorporating AI literacy into the primary education curriculum earlier enables stu-

dents' ability to effectively navigate a complex technological sea [3]; [4]. There is a need 

to develop AI literacy in primary school by integrating AI concepts into core subjects, 

developing competency frameworks, and co-creating curricula with teachers to enhance 

the learning experience [5]. By understanding how artificial intelligence works and how 

it can be used in different fields, children are empowered to understand and analyze 

complex problems better. AI literacy can help students make informed decisions and 

contribute responsibly to society's technological progress. 

All children must be able to recognize examples of AI in their environment, under-

stand the operation of common artificial intelligence algorithms, apply these algorithms 

to solve personally significant problems, and critically assess the impact of AI systems 

on society [6]. To effectively develop artificial intelligence literacy, it is necessary [4]: 

introduce children to the basic concepts of AI and informatics at an early age; encourage 

them to explore the connections between AI programs and the underlying concepts. 
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2 Educational Activities 

Based on the literature and examples, three educational activities were prepared and 

tested with fourth-grade students. Each session lasted up to 45 minutes. These activities 

were designed to introduce students to AI and five AI literacy topics [7]; [8]; [9]. 

The first educational activity, ‘How does AI perceive the world?’ was intended to re-

veal what AI is, where it can be found, and how AI gets data from the world. Students 

were given the following learning tasks: 

1. Using the knowledge gained during the discussion, students could name at least 3 

devices or apps that use AI. 

2. Using the information provided and after testing the AI app, they could name at 

least two sensors used by AI and give examples of their use. 

Interaction with AI apps and devices develops AI literacy [3], so in the first session, it 

was chosen to allow students to test and explore AI technology independently. After 

that, students' theoretical knowledge acquired at the beginning of the session and practi-

cal experience in AI technology were compared to avoid the gap in linking AI concepts 

to practical skills [4]. 

The second educational activity was to discover what kind of thought processes AI 

can perform and how it does it. The task posed in this activity: using the information 

provided and the completed tasks, students could be able to describe how AI ‘reasons’. 

The activity covered the principle of AI operation, decision tree structures, and errors 

made by AI, which helped to see the bias of AI. The game activity ‘good monkey, bad 

monkey’ was selected from the methodological material for students to get to know the 

AI ‘thinking’ process more deeply [10]. Worksheets were also prepared in which stu-

dents looked for repetitions, similarities, and differences using drawings of monsters and 

drew them themselves. Students looked for differences and repetitions, tried to identify 

objects that fit the group, and questioned the mistakes made by AI. By participating in 

activities and completing tasks, students could see the choices and moves made by AI 

and discover repetitions and similarities, which are an integral part of AI. Also, during 

the session, the mistakes made by AI were discussed, and with the help of the discus-

sion, the topic of ethics, which is extremely important for the education of AI literacy, 

was touched upon. The consequences of using AI indiscriminately and without verifying 

information were considered during the discussion, and the threats were discussed. This 

topic highlighted the importance of students' critical thinking, one of the AI literacy 

skills [6]; [3]. 

The third learning activity focused on what machine learning is, how it works, and 

potential biases in AI. Students were given two tasks: 

1. Through collaboration, students could build and test a machine-learning model. 

2. Based on the information provided, students could describe possible biases in ma-

chine learning. 

These skills were developed by reviewing the principles of learning AI technologies 

using visual aids. Following [11], a machine learning model development activity was 

conducted using the Teachable machine program. According to [12], after exploring the 

basic concepts, children can begin to design and construct their own machine-learning 

programs with the help of more experienced peers or adults. Through iterative processes 
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of design, experimentation, and play, students can gradually gain a better understanding 

of various machine learning methodologies, data collection, concepts such as under- and 

over-shooting, and the iterative process of testing and improving their systems. When 

testing their models, students encountered rudimentary examples of bias in the lack of 

diversity in the data and discussed these in a discussion, which builds an understanding 

of how AI technology works. 

3 Methodology 

The study was conducted during classes for fourth-grade students (ages 10-11) to evalu-

ate the possibilities of artificial intelligence literacy development in primary school. 17 

students from the public school participated in the study, 11 of them in all three activi-

ties, so only their data were included in the data analysis. The students had no previous 

AI literacy lessons. Each activity was followed by a discussion and summarization of 

information, after which the students were given a questionnaire to which they answered 

the questions in writing. A written survey was given to students after each activity as a 

reflection. Students evaluated the activity and their improvement 5 minutes before the 

end of the lesson. The questionnaire consisted of 6 questions, of which 3 were quantita-

tive statements that had to be evaluated on a 5-point Likert scale, and three were open-

ended qualitative questions. 

A mixed strategy was chosen for the empirical research of the study. Quantitative data 

obtained during the study were analyzed using descriptive statistics. The questionnaire's 

responses to the open-ended questions were analyzed using thematic data analysis. The-

matic analysis is a method that helps in coding qualitative data to identify typical pat-

terns and formulate themes related to the research problem [13]. Specifically, structured 

tabular thematic analysis was applied in this case, which provides an adaptable technique 

for relatively structured work with short qualitative data [14]. 

4 Conclusion 

The theoretical research analysis revealed that playful, involving digital technologies, 

creative activities and cooperation motivate students and arouse their curiosity to learn 

about AI. The use of various activities in the education of AI literacy is an important 

aspect of the multifaceted education of students. 

Analysis of the research data revealed that students are sufficiently motivated and ca-

pable of developing AI literacy in primary school, and additional support provided can 

further encourage student engagement. Also, it became clear that the opportunities for 

the development of AI literacy in primary school are revealed through activities that 

interest and educate students. Examining AI concepts and operating principles, using AI 

technologies, and ethical discussions are interesting and engaging activities for students. 

The results of the empirical study show that AI literacy educational activities that use 

digital tools, collaboration, creativity, and reflect the five big ideas of AI literacy are 

suitable for developing AI literacy in primary school. To ensure that all students have the 

opportunity to learn and develop skills in the field of AI, it is necessary to promote the 
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inclusion of AI literacy in the learning process. It is important that the development of 

AI literacy starts already in primary school. Future research could examine effective 

teacher education strategies, curriculum development, assessment methods, and the long-

term effects of AI literacy on students' academic achievement. 
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