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1 INTRODUCTION

In recent years, the topic of competence orientation [9] has increasingly become the focus of modern computer science
teaching. A competence is understood as a combination of skills and knowledge. Still, one point is usually neglected:
the acquisition of competencies is an individual process rather than a product and requires a lot of time and effort from
the learner’s perspective. This has at least two implications: on the one hand, as students are individuals, the learning
brain also needs differentiated stimuli, and on the other hand, the learning progress is only recognized when the new
skills are also demonstrated.

Since the acquisition of competencies in computer science is often based on and related to ”language interpretation
machines” (our computers), and since computer science is essentially part of socio-technical systems, it is obvious to
grant the interface a particular weight in teaching, even to use it explicitly. The subject of Human-Computer-Interaction
(HCI) is thus both facilitator and tool. As can be seen from the literature chapter, however, the topic of HCI plays a
rather subordinate role in the classroom. It is most likely to be found in the areas of user experience or design principles.

However, we think that HCI-topics can add intrinsic motivation to our teaching. Thus we defined our research
objective to investigate if it is possible to use HCI as a topic and didactic tool to initiate learning of computing science
(CS) topics grounded on (neuro-)didactical principles. In this paper, we introduce some interventions which show that
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teaching with a focus on HCI helps to fulfill the key-ideas behind brain-based teaching [28] and many of the general
didactic principles according to Rüdeger Baumann, founder of the so-called system-oriented didactics of computer
science [3]. We also describe the structure of the interventions to be used as a stimulus for one’s teaching.

Please note that the paper does not aim to present statistically significant results as the number of participants is still
too small to do so, but (apart from COVID-19 restrictions), our interventions are going on and will be part of future
research of our department. Instead, we present an analysis of the intervention from a didactical and methodological
view and aim at demonstrating its benefit to the HCI and education community.

The remainder of the paper is structured as follows: Chapter 2 describes the background and related work, Chapter 3
explains the projects and setting in detail, Chapter 4 reflects on the results, and Chapter 5 presents a summary and our
plans for future work.

2 BACKGROUND

2.1 Teaching HCI

When we take a closer look at the history of computing science education, we find that there was first a focus on
hardware (at the beginning of the 1970s). In 1976, the focus was laid on algorithms, and only the user orientation in
the 1980s put the interfaces in the spotlight [15, p.52]. However, this was then sidelined again in the early 2000s and
replaced by fundamental ideas [37], great principles [8], and competency orientation [33]. Since then, be it implicitly or
explicitly, HCI is an issue in computer science didactics. Denning’s very influential work refers to HCI in his design
principles, practices, and core technologies [8].

Recently, lecturers and practitioners all over the world took a closer look at HCI-related topics in education. Oleson et
al. [21] provide a broad overview of design and HCI’s role in K-12 education and look at several pedagogical challenges
on edge to computer science education. They also mention that an agreed-upon pedagogy seems to be missing [18], but
there are also success stories to be found in the literature. Open and playful cooperation and a multidisciplinary HCI
education seem to be very successful [1], and the focus on graphical interfaces (VRML, Blender) highlighted that there
is an enormous potential for stimulating individuals’ motivation [10].

However, the number of success stories should not obscure the fact that HCI is neglected in many curricula. Thus,
the following section takes a closer look at HCI implementation and the necessary competencies described in curricula
worldwide before looking closer at the essential didactic principles that should steer our classroom interventions.

2.2 Curricula

Topics concerning HCI are frequently part of higher education. In lower education, primary or secondary school levels,
this area is also rarely included in computer science-related subjects. An analysis of seven international curricula,
educational standards, and competency models for these levels from Australia (national curriculum for technologies, AU)
[22], Austria (digikomp - competency model for digital education, AT) [24], England (national curriculum for computing,
GB) [27], Germany (German Informatics Society - educational standards for informatics, DE) [23], Switzerland (national
curriculum for media and informatics, CH) [26], and the USA (Computer Science Teachers Association K-12 Computer
Science Standards from 2011 and 2017, US11 and US17) [38][25] illustrates, that in the minority of them topics connected
to the area of HCI appear repeatedly. The curriculum from England contains one learning outcome that mentions
"usability" in programming [27]. In the version from 2011 of the standards suggested by the Computer Science Teachers
Association (CSTA), one learning outcome refers to HCI by evaluating the usability of existing software [38]. Both
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models introduce the secondary level topic at the age of 11 (GB) respectively 15 (US11). In this case, the national
curriculum for technologies from Australia and the revised K-12 Computer Science Standards from the CSTA in the
USA is of particular interest because they start to introduce HCI-related topics at the primary level.

In the Australian curriculum, a focus on design and the evaluation of design is recognizable. This includes the design
of user interfaces as it is combined with learning programming. The following examples illustrate that HCI topics
repeatedly appear in several levels [22]:

• By the end of Year 2, students list the features of technologies that influence design decisions and identify how digital

systems are used. (Technologies achievement, Foundation and Year 2)
• By the end of Year 6, students incorporate decision-making, repetition, and user interface design into their designs

and implement their digital solutions, including a visual program. (Digital Techn. achievement, Years 5 and 6)
• By the end of Year 8, students independently and safely plan, design, test, modify and create a range of digital

solutions [...], including user interfaces and the use of a programming language. (Techn. achievement, Years 7 and 8)

Also, the revised version of the CSTA standards includes topics from HCI, starting with the identification of user
needs and preferences [25]:

• By the end of Grade 2, students will be able to select and operate appropriate software to perform various tasks and

recognize that users have different needs and preferences for their technology. (Kindergarten and Year 1)

In higher levels also the usability gets into the focus of HCI-related topics. It is mentioned in several learning
outcomes as the following examples show [25]:

• By the end of Grade 5, students will brainstorm ways to improve the accessibility and usability of technology products

for users’ diverse needs and wants. (Years 3, 4, and 5)
• By the end of Grade 10, students will be able to compare various security measures, considering trade-offs between a

computing system’s usability and security. (Years 9 and 10)

The competency model from Austria [24], the standards from the German Informatics Society [23] as well as the
national curriculum from Switzerland [26] include no topics from HCI in their learning outcomes.

2.3 Didactic Principles

Rüdeger Baumann founded the system-oriented didactics of computer science in 1993. He formulated didactic guidelines
and the following general didactic principles as a subject-specific basic concept for teaching fundamental ideas and
achieving general educational goals:

P1 Principle of the life proximity and topicality (references to the current life world of the pupils)
P2 Principle of the factual-structural structure (structuring in subject-systematically related units)
P3 Principle of goal setting (communication of the respective teaching goal)
P4 Principle of individual learning speed (differentiation of lessons)
P5 Operative principle (mental operation with learning contents)
P6 Principle of stage appropriateness (contents according to the respective intellectual development stage)
P7 Spiral principle (relevant topics are to be treated at different levels)
P8 Genetic principle (alignment with epistemological principles of "creation and application" of the subject)
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With imaging techniques in cognitive neuroscience, like, e.g., imitation learning [34], insights into the brain’s func-
tioning are now being gained, finding their way into school practice. This scientific direction is called "neurodidactics"
[2][6][11], and already in the 1980s, brain-based pedagogy became popular in the Anglo-American world [16].

Brain-based pedagogy attempts to translate neuroscientific findings into didactically concrete recommendations for
instructional design. Since many factors contribute to good teaching [31], and since the learning brain is a complex
organ, the field of brain-based teaching is also not without controversy. However, insights into the learning brain’s
capabilities and constraints help explain why some learning environments support learning and others do not. Caine
and Caine [6] summarize a lot of neurodidactic principles. The most important of them are:

N1 The learner needs opportunities to have concrete experiences.
N2 Learning processes involved in social situations are more effective, as is the consideration of interests and ideas.
N3 Connecting with prior knowledge is central to the learning process.
N4 Positive emotions lead to more effective learning.
N5 The learner needs to understand the connection between individual details and the whole, which helps her

remember details better.
N6 Time for reflection improves learning (consolidation).
N7 A person learns better by combining information and experiences.
N8 Recognizing and integrating individual differences enhances learning.
N9 One learns better through a supportive, challenging environment. Attention to individual competencies is crucial.

Our department has developed a teaching approach called "COOL Informatics" [28], based on these neurodidactic
principles. The acronym can be translated as "Cooperative Open Learning" or "Computer-Supported Open Learning"
and is derived from an Austrian teaching model [14] that offers thematic, methodological, and institutional openness as
well as cooperation on different levels and between other subjects.

The COOL-Principles are based on the following four cornerstones:

(1) Discovery. This includes solution-based learning; [32] observational learning; step-by-step instructions and tasks;
video tutorials, hands-on, minds-on; learning with all senses.
The related neurodidactic basis is: pattern recognition; mirror neurons; individual learning rhythm; modality
and multimedia effect.

(2) Cooperation. This includes team and group work; [35][12]; peer tutoring and peer teaching; [19][29] pair pro-
gramming; [36][17] cross-curricular learning; project-based learning.
The related neurodidactic basis is: ”A joy (= knowledge) shared is a joy (= knowledge) doubled”; recall = re-storage
in long-term memory; integrating individual needs, talents and competencies as well as practical relevance.

(3) Individuality. This includes competence-based learning; questioning; [13][7] self-organized learning with com-
pulsory and optional tasks.
The related neurodidactic basis is: connecting new information to previous knowledge; considering individual
interests, needs, tasks, methods, and learning rhythm.

(4) Activity. This includes learning by animation, simulation, and playing; [5][4] hands-on, minds-on; learning by
doing; [13][30] learning by playing and designing games (creative learning).
The related neurodidactic basis is: knowledge must be newly created by each learner (= constructivism); learning
is an active process (= progressive education).
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Later, in Section 4, the relationship between these principles and the interventions is explained in more detail. The
didactic concept serves as a background for several projects in our department. Since 2015, we have had more than
14,000 participants in our workshops and events and provide a Creative-Commons-based and rich set of materials
(including associated didactic concepts) to all users of our workshops and partners, in addition to scientific monitoring.

Compared (and contrary) to existing literature, our approach as well as our considerations here are put in the light
of the COOL approach. To the best of our knowledge, this didactic aspect is new and can be seen as a contribution to a
refined HCI didactics.

3 PROJECTS’ SETTING

3.1 Project Topics

Since 2015, our department is taking part in a funded, university-organized summer internship program for pupils aged
15 to 18 to promote technical studies in our region. Every year, pupils from the Carinthian State (and beyond) apply to
this program, and we typically invite 10 to 20 pupils from different school types (with and without computer science
education) for one month to learn more about computing science. They work for 30 hours a week and are accompanied
by members of the department. Here, we report on the projects and interventions of two successive years (2018 and
2019) wherein a total of 44 students (17 female, 27 male) applied for seven different projects. Out of these, we selected 26
students of age 15 to 18, 69% coming from a secondary and vocational school with no computing-science background,
and 31% coming from a technical vocational school with a bit of background knowledge in programming. Our selection
is based on interviews to assess the pupils, making it possible for us to arrange project groups with excellent prospects
of learning about computing science while also including some background knowledge.

To attract girls and boys equally, we decided to avoid gender cliches and gender-specific formulations. We came up,
after several strategy meetings, with the following project topics (the projects marked by asterisks had an explicit focus
on HCI in the projects descriptions):

[18-1] Computer languages at your fingertips (3 male, 1 female applications). The project was about finite automata,
formal languages, the Turingmachine. The students had to produce learningmaterials about these topics, program
a robot, and implement a Turing machine program.
[18-2*] Language in 3 dimensions - possibilities and limits (2 male, 2 female applications). The project was about
analyzing and improving an existing 3D/VR-Interface of an escape-room game and implementing 3D/VR-based
learning materials about hardware components and the stack data-structure.
[18-3] Computer Science - A Child’s Play for Everyone?! (4 male, 1 female applications). The project was about
producing materials for and with kids, touching modeling, logic, and 3D printing.
[19-1*] Playful learning in virtual reality (14male, 5 female applications). The project was again about analyzing the
escape-room interface, extending an existing 3D/VR escape-room game, touching topics like graph representation,
and creating a 3D-model of the Enigma.
[19-2*] Secure communication through encryption (12 male, 4 female applications). The project was about interface
design with Blender and Unity for teaching encryption and producing short videos units about it.
[19-3] Developing robotics for kids (3 male, 2 female applications). In this project, the students had to test different
educational robot systems and produce stop-motion videos about cubelets.
[19-4] The beaver is out in computer science (1 female applications). In that project, Bebras tasks had to be broken
down to pupils age 4 to 8. Materials were developed and tested in small units.
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Fig. 1. Two students working together and creating one level of the escape-room game.

The project calls competed with dozens of other projects being advertised at our university (maths, geography,
computer science). We learned a lot from the project call in 2018 (and the interviews with the applicants), and for 2019
we put even more focus on principle P1 (life proximity and topicality), stressing the communication with computers,
the design of computer technology, and the interaction between users and computers. As can be seen, projects with
explicitly focusing on communication and 3D/VR topics have attracted most of the students (summing up to 85% for
HCI-related topics compared to 15% for the other topics in 2019).

3.2 Learning Objectives and Setting

Apart from core topics from computer science that can be seen in the project descriptions, in the projects [18-2], [19-1],
and [19-2], we tried to incorporate the HCI topics mentioned in the international curricula in Section 2.2. That is,
looking closer at design decisions, stimulating user interface design, thinking about issues of accessibility and the user’s
needs. Additionally, every student should be able to produce user interfaces considering various input and output
devices. The general work order was as follows:

(1) Analyze an existing learning environment (e.g., our escape room game) and develop suggestions for improvement.
(2) Familiarize with the environment and make improvements.
(3) Incorporate a new exciting area of computer science to be taught through the game (a stack, encryption, or

hardware components were given as idea generators.).
(4) Implement the competency as a different level in the learning environment.
(5) Let other teams test the implementation (and also test an implementation).
(6) Reflect on the usability and implement improvements.
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Fig. 2. Student using our HTC Vive to visualize control and data flow graphs for Java programs.

Along with the tasks, all teams had to cooperate with other teams and share results and products using state-of-the-art
development practices.

To achieve the above goals, we provided the following environment for every team: a room equipped with laptops
and workstations (Blender, the Unity game engine, and 3D printing software installed) suitable for working in pairs.
The equipment was necessary, as about one-third of the students did not have own laptops. They also had access to flip
charts/whiteboards/piles of paper/colored pencils, an interactive panel, 3D printers, a video projector, an HTC Vive, a
Sony VR system, several educational robots, terminal blocks, and recreational equipment (Dartboard, sound system,
and our library). Figure 1 shows an example of a team working on the setting of one of the escape rooms. As one can
see on their table, they also use terminal blocks to test scenes and conditions in advance and only then implement them.

For software development (and any other artifact being created), we demanded compliance with standard development
techniques. That implied using a git system, technical documentation using a CMS system, and, to analyze their learning
progress, the students had to keep a learning diary.

For the development process, we were following an adopted SCRUM model. Every project had a primary mentor
acting as SCRUM master (and one backup mentor). There were daily stand-up-meetings, accompanied by training
sessions on-demand, but, as we only had four weeks (minus two vacation days and recreational activities), at most, two
sprints were conducted. At the end of the project, the results were presented at a university’s final major event.

For knowledge transfer, students were also used as peers across teams, and each team member knew that all materials
developed would be used for instructional purposes in the future. All the projects started with analyzing existing
environments and interfaces and a reflection phase where the requirements were defined (yielding a back-log). The
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mentors then directed the students to generate the products in a spiral fashion (in complexity and scope) within 3-4
weeks of work.

It is essential to mention that every team consisted of if at all, just one student from a technical vocational school
(knowing a programming language). The rest of the team members were students from secondary schools without
technical background (so they did not have computing science except one year in information and communication
technologies). In 2019, just one student had a bit of knowledge of using Blender, but nobody had prior experience in HCI
or Interface design. But, most important: none dropped out of the internship, and all projects were completed. Moreover,
even complex tasks like the visualization of data structures and graphs were motivating enough to be completed and to
end up in appealing protoypes (see Figure 2).

4 DISCUSSION

Even when an agreed-upon pedagogy seems to be missing [18], this contribution presents a way to link and use
computer science and HCI topics to increase interest or build competencies in these two areas. However, is it a useful
approach that is more than just anecdotal evidence? For an evaluation, let us look at the proper selection of the content,
the didactic principles, and the students’ acquisition of competencies. The discussion is put into the context of our
research objective: investigating whether HCI can be used as a topic and didactic tool to initiate learning of computing
science topics grounded on (neuro-)didactical principles.

4.1 Content

Modrow describes several criteria that have to be met when introducing new content in teaching [20]. Among others,
the following criteria should be met:

• Students can work independently on the content.
• The content is suitable for lessons based on the division of labor.

In our case, all three topics were designed so that every student could design his/her level in the escape room game.
Moreover, as a prototype of the escape-room (one room designed in 2016 that was used for language learning) was
available, the entry barrier was assumed to be very low.

• The topic allows specializations/extensions.

As the possibilities and also the interests varied, totally different rooms were allowed to be created. One team focused
on sound (as so far no sound was available), one team included self-designed 3D models (see Fig. 3), whereas others
used objects from libraries. Moreover, another team put the gamer into the role of a person helping the (stack-based)
computer to escape from the space station (see Fig. 4). So, we had many extensions of our prototype. The new skills
were also generalized and stimulated for private projects (e.g., own YouTube videos, own music recordings).

• The content does not represent only a standard solution.
• There is a longer-term relevance of the topic.
• The experience gained can be generalized.

Working with Blender and the Unity game-engine implied developing several skills useful for future life (apart from
learning the tools). The students learned about 3D and VR interfaces, different graphics formats, sound, navigating,
assessing/criticizing solutions. They also learned a programming language and modern software engineering techniques.
Furthermore, as mentioned above, all the covered content is also part of international curricula.
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Fig. 3. Enigma modelled by team [19-02] in Blender for understanding en- and decryption processes and implemented in the project
of team [19-01] in one room.

Concerning HCI, the projects focused on two mentioned learning outcomes: ”students will brainstorm ways to improve

the accessibility and usability of technology products for users’ diverse needs and wants” [25], and ”students independently

and safely plan, design, test, modify and create a range of digital solutions that meet intended purposes, including user

interfaces and the use of a programming language” [22]. Both could be achieved up to a certain level, as the executable
products show, by giving the students the freedom to be creative and to discuss and implement their own ideas.

• The time required to learn user knowledge is reasonable.

All projects achieved their goal. However, this did not come for free. The team at the department invested a bit more
than a month for preparation. Materials (instructional videos, checklists, web-links) were collected. However, when
done, the students could learn the new skills quickly - also using their preferred media. There was only one team that
complained a bit that they had to learn a lot on their own, but they also implemented more than necessary.

Summarizing, in relation to our research objective, we identify HCI as a suitable topic to initiate learning of computing
science topics.
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Fig. 4. Stack-simulator in the escape-room game implemented for HTC Vive.

4.2 Appropriateness of Didactic Principles

All projects followed the above-mentioned COOL Informatics approach, and this section now takes a closer look at the
appropriateness of the tasks and the neurodidactic and general teaching principles.

Discovery Learning took place in multiple dimensions. We provided video tutorials (some of them produced by other
students) at the beginning, including step-by-step instructions, which facilitate hands-on learning with multiple media
and with an individual learning rhythm. Solution-based learning was facilitated by providing existing projects. The use
of VR technology additionally stimulated the multimedia effect of Discovery Learning.

Cooperation was encouraged by our preparation of the projects, teams, and working environment. We encouraged
pair programming and teamwork supported by peers and faculty members. Each project was clearly defined and
followed a clear vision, shaped by the project supervisors and the students. The agile development process SCRUM also
encourages team and group work.

Individuality was supported with open-ended project work, facilitating self-organized learning. Each student could
use their strengths to progress the project and learn new and exciting tools, techniques, and computing science topics.
We, therefore, regard Individuality in our project work as an added value. The learning journals additionally confirm
the fulfillment of this principle.

Finally, Activity was naturally supported by a lot of hands-on and learning by doing activities. This includes designing
games (incorporating animation, simulation, and playing). Especially playing and designing games was naturally given
by choice of the project topics. The students were empowered to construct their knowledge, with learning as an active
process, by designing and implementing learning environments and accompanying HCI elements in 3D and VR.
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When taking a look at the principles as defined by Baumann (a ”P” and the number indicating the coverage) and
Caine and Caine (an ”N” and the number indicating the coverage), we also fulfill all the requirements.

• We have chosen the topic of an escape-room game with riddles as computer games are naturally part of pupils’
current life-world. Also, they very likely knew some interfaces in that area. It also connects to prior knowledge
and, at least it was assumed, also positive emotions (P1, N3, N4).

• Different escape-rooms allowed for a subject-related structure (P2). The students were allowed to look at existing
rooms and tasks and to collect their own concrete experiences with the possibility also to fail (N1).

• At the beginning of the project, it was clear that all the work contributes to future learning materials for students
in schools and at universities ... and future internships (P3, N2).

• Every team member focused on their level and ideas, so individual learning speed was not a problem when
team-formation was appropriately done. According to one’s own goals, he or she got much feedback from team
members and also the mentors (P4, N7, N8, N9)

• Every teammember reviewed others’ work and followed and reflected on others’ ideas mentally. They understood
the whole and their role and tasks better and had to coordinate their work (P5, N2, N5, N6).

• Not everyone started with the same set of competencies. So, tasks of different difficulty levels were prepared to
be adjustable to existing skills (P6). This was necessary to ensure that everyone in the project had a sense of
achievement (N4).

• The topics were prepared in such a way that first existing work had to be improved, then computing science
content had to be worked out, and finally, it hat do be integrated to the new solution ... allowing for a spiral
principle in working through the topics (P7)

• Between all the steps, a reflection step had to take place, which meant trying everything out and thinking about
it. It meant working together with other teams and members of the department (P8).

Summarizing the coverage of both neuro-didactical COOL Informatics principles and the mentioned didactic princi-
ples, concerning our research objective, we identify HCI as a suitable didactic tool to initiate learning of CS topics.

4.3 Learning Diaries

All students had to keep a learning diary and hand it in at the end. Besides, the mentors observed them. The students
produced a poster, which was presented publicly on the last day of the internship at the university campus to parents
and other guests.

One very positive statement we collected was the following (translated to English): There was much freedom in the

internship, which promoted our self- and time management. From a computer-science point of view, Unity and C# were new

experiences for most of the team. VRTK (Virtual Reality Tool Kit), on the other hand, was new for all of us, so there were

some complications in this area. We versioned with Git in the project and gained new experience or deepened existing ones.

It confirms that, even though the technical requirements were very high, it was doable by the students at the age of 15
to 18.

However, another statement can be seen quite critically (translated to English): We had to learn the Blender program

ourselves. This was very fun, but sometimes it would have been easier if someone had known their way around. It was an

exciting internship where we learned a lot of new things. An essential point of the internship is especially creativity. We were

given a task and could do it the way we wanted to. This is something that we experience quite often in our workshops and
11
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interventions. Due to the predominance of frontal teaching (in our region?), students are less accustomed to independent
work. It always takes some time to get used to it and then to enjoy it.

Finally, again a resume that shows that at least from the motivation point of view, the internships have been a real
success: The internship allowed us to take away some knowledge of Unity and C# and become more familiar with the

version control system Git. We got to know the informatics content in a new way. However, the most fascinating for all of us

was the first experience with virtual reality.

In all, combining neurodidactic principles with appealing topics seems to have enabled a high learning outcome, a
positive feeling about computing science in general, and, even more important, interested and hopefully future students
at our University.

5 CONCLUSION

HCI is rarely used in didactic considerations at the secondary level. In this paper, we, therefore, took a closer look
at didactic and neurodidactic principles and related them to projects (summer internships) at our university where
students between the ages of 15 and 18 worked through 3D, Virtual Reality, and usability issues. As we competed with
other departments at our university for students, it turned out that HCI topics are a perfect driver for attracting students
to our projects.

By systematically reviewing our project settings and tasks for students in terms of 8 widespread general and current
teaching principles, we can also show that our approach, combined with nine neurodidactic findings, is very well suited
for use in an educational setting. Although our study is not based on a large group of students, the results show that
the approach also helps students reach peak performance through play. With that, HCI is more than a just topic in the
computer science curriculum. It is also a tool and should be used as such.

So far, the results are only anecdotal evidence, but the didactic reflection leads to a solid foundation. As future work,
we plan to collect more data about the students’ personalities, interests, self-concept (especially those of young women),
and the increase in knowledge and competencies to understand better which interventions affect those attitudes.
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