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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 E6tvos Lorand 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), Ziirich (2010), Bratislava (2011), Oldenburg (2013), Istan-
bul (2014), Ljubljana (2015), Miinster (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-INFOERA 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 E6tvos Lorand University.

October 2024
Bence Gaal
Noémi Bernadett Agocs
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Extending the concept of MOOQOCs for school
classrooms

Leon Frischauf[OOOO—OOOl —T7817—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 MOOC:s 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 [0]).

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 ([I] 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 MOOC:s 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” [Il, 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 MOOC:s 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 [I]: 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,



Extending the concept of MOOCs for school classrooms 5

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. [§] 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.

Showing individual performance progress 27 23 11 0
Preparation for exams 43 17 10
Instrument for practice/repetition 46 15 0

Instrument for learning new topics 4 13 33 11

Practising new exercise formats 27 23 9 2
Increased motivation to learn 35 25 10
Differentiation possibility 19 31 11 0
0 10 20 30 40 50 60 70
very important rather important less important not important

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 MOOC:s 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”).



8 Leon Frischauf

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
xMOOQOCs 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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Professionalization for Developing
Discipline-Specific Language Proficiency Among
Learners as Part of a Master’s Program in
Computer Science Teacher Education

Jan Strobl[0009*0003*3965*8408], Fatma Batur[0000700027737776585], and Torsten
Brinda[OOOO—OOOI—6137—4258]

Computing Education Research Group, University of Duisburg-Essen,
45127 Essen, Germany
https://www.ddi.wiwi.uni-due.de/en/
{jan.strobl,fatma.batur,torsten.brinda}@uni-due.de

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.

Keywords: computer science, language learning, teacher training

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 [ 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

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 TIMSSH
and PISAEL 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].

! https://timssandpirls.bc.edu/
2 https://wuw.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 [3L28] 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 lessouns,
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 10*" 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 and Waite [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: Prazissemester) 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 fir Schilerinnen
und Schiiler 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—topEI

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 5'" and 6'" 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 (2" 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
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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 . 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 and CSE-related
publications on language education emphasize the need for teacher professional
development on this topic (see . 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 IDEAEL 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/
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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 algorithmsﬁ 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

% 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 Al to be more suitable. This
description is now compared to the transcripts created. Statements are arranged
on a spectrum from wverbal - 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 “loschen”, 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



20 J. Strobl, F. Batur and T. Brinda

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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A Appendix A - Structure of the additional qualification
ZuS (Translated)

Oral final examination
(2 ECTS)

Mandatory elective
(at least 4 additional ECTS in the areas A-D)

ges

(at least 3 ECTS)
on}traisting langua
(atleast 4 ECTS)

B — Heterogeneity and
migration (at least 4 ECTS)

A—Field placement/
intership (at least 4 ECTS)
(€~ Language in the subject

Mandatory requirement DSSZ-Module at UDE:
Grammar school und vocational college 6 ECTS
Elementary / Secondary / Comprehensive School 12 ETCS (6 ECTS BA + 6 ECTS MA)

Fig.1. Structure of ZuS (Translation of https://www.uni-due.de/daz-daf/zus/
zusvoraussetzungen. php)
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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 [§], 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
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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.

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

Students match internal packets to their local destination.

Students will match outgoing packets according to their external destination.
Students identify incoming packets from the Internet as a use case for NAT.
Students will perform NAT on an incoming packet.

Students will identify the complete path of a packet through the network from
sender to destination.
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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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Consider the following NAT table.
Write down the number of the row needed to apply the address translation for each packet!

NR | CLIENT IP | CLIENT PORT | EXTERNER PORT @) Source: 74.18.50.33:6007
1 | 192.168.0.3 | 6005 | 6005 Dest.:142.180.10.5:6010
e RS ] 81 | 6006 b) Source: 74.18.50.33:606
I I I Dest.142.180.10.5:6005
4 | 192.168.0.4 | 6006 | 6008

5 | 192.168.0.4 | 281 | 6009 c) Source: 174.82.45.27:24
6 | 192.168.0.2 | 6857 | 6010 Dest.:142.180.10.5:6008

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



