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Abstract Integrating computational thinking (CT) into school curric-
ula is increasingly recognized as essential for preparing students for the
digital age. Austria’s introduction of basic digital education (BDE) in
2018 and revised in 2022 highlighted this need. However, teachers with-
out a computer science (CS) background often struggle to teach CT, fo-
cusing instead on media and computer literacy, which underemphasizes
CT in BDE. To address this issue, we developed design principles for
a handbook through three practical learning environments (LEs) using
physical computing with single-board computing devices. This approach,
grounded in constructionist theory, emphasizes experiential learning to
foster intrinsic understanding of CS/CT concepts. Additionally, an Open
Educational Resource (OER) textbook was redesigned to align with
the 2022 curriculum and the 5E instructional model, promoting self-
directed, inquiry-based learning. The 2022 curriculum is based on the
’Frankfurt-Dreieck’ model, representing three facets of digitization. Our
multi-resource approach aims to make CS/CT concepts more accessible
to teachers and students, regardless of prior CS knowledge, translating
CT for the classroom. Through the implementation of these design prin-
ciples, educators are systematically guided to gain confidence in teach-
ing CT, ensuring its thorough integration into BDE. Future research will
focus on evaluating and refining these principles on a larger scale to de-
velop a comprehensive handbook. Comparative studies with neighboring
European countries are planned to identify best practices and enhance
the effectiveness of CT integration in K-8 education. This ongoing work
aims to provide robust support for educators and foster a generation of
students well-prepared for the demands of the digital age.

Keywords: Computational Thinking · Digital Education Curriculum ·
Design Principles · Physical Computing · Practical Handbook.
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1 Introduction

Computational thinking (CT) has become a vital component in preparing stu-
dents with the skills necessary for the evolving demands of future careers [15,51].
CT entails the application of methods and strategies from the domain of com-
puter science (CS) to solve problems across a diverse range of disciplines, extend-
ing beyond the traditional scope of CS [53]. In Austria, the overarching concept
of Basic Digital Education (BDE) integrates CT with media literacy and com-
puter proficiency. Since its inception as a compulsory exercise in 2018, BDE has
undergone significant development, culminating in its establishment as a manda-
tory subject for students aged 10-14 in grades 5-8 in 2022. This transformation
included a complete curricular overhaul based on the ’Frankfurt-Dreieck’ model
[5]. The ’Frankfurt-Dreieck’ (Frankfurt Triangle) model has gained prominence
in educational curriculum design, offering a structured framework for under-
standing the interplay of technology, society, and application in the digital age
[8]. This model aligns well with CT and BDE objectives, promoting a multi-
faceted understanding of digital systems and their impacts. However, viewing
BDE through this lens introduces new challenges for educators. Despite profes-
sional development opportunities, teachers who feel underprepared may focus on
familiar BDE aspects, potentially neglecting CT and the fundamental compo-
nents of every digital education. Our research aims to establish guiding design
principles for content curation and elaboration for K-8 students aged 10-14,
with the goal of developing a solid practice-oriented handbook. This resource
will equip educators with the tools to plan and deliver, and students to engage
with, a comprehensive digital education that integrates all critical facets of the
’Frankfurt-Dreieck’ model. Our endeavor is grounded in a thorough analysis of
existing literature and curricula, employing a design-based research (DBR) ap-
proach [31,32]. Three learning environments (LEs) have been developed that
facilitate effective teaching and learning of CT. These LEs support educators
and learners alike in their initial exploration of the subject, even without prior
expertise in CS [6,24,25]. The design principles derived from these LEs empower
instructors to create new or enhance existing BDE materials, regardless of their
formal CS background [20]. By following the principles, teachers will be assured
that they are fulfilling the curriculum aligned with the ’Frankfurt-Dreieck’ with-
out undue concerns about the finer details. By removing the requirement of prior
CS knowledge and incorporating an engaging, playful approach, we have iden-
tified a promising strategy to lower the barriers for both students and teachers
to engage with CT in the classroom. This approach serves as a crucial link,
bridging the gap between media literacy, computer proficiency, and informatics,
which includes both CS and CT. Such a methodology is essential to ensure the
effective implementation of comprehensive digital education in modern schools
[12].
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2 Background

The conceptualization of the elements that comprise computational thinking
(CT) is an ongoing process of refinement and evolution [47]. Palts and Pedaste
[38] present a graphical overview of the evolution of CT definitions over time,
which provides a useful illustration of the situation. Analogous portrayals of CT
assessments within the field were researched by Tang et al. [48]. Li et al. [30]
perceive CT as a cognitive framework for reasoning and problem-solving, tran-
scending mere computing proficiency. Embracing this perspective, the guiding
principles for our handbook have been designed to accommodate future advance-
ments in CT. The dynamic nature of computing can facilitate interdisciplinary
adoption of CT across STEAM disciplines [42].

The synthesis of CT competencies with block-based programming, physical
computing, and inquiry-based learning, situated within the constructivist ped-
agogical framework ([40], serves as the cornerstone of the principles that guide
our handbook. Grounded in this pedagogical framework, three learning envi-
ronments were developed, applying the 3D Framework of 4Ps [7] merged with
COOL Informatics [46]. The LEs were iteratively refined to match the didac-
tic approaches and competence areas of the BDE curriculum and to reflect the
multi-perspective view of the ’Frankfurt-Dreieck’ on digital education. The fol-
lowing sections provide a more comprehensive examination of the fundamental
elements that form the basis of this research.

2.1 Synthesizing Block-based Programming, Physical Computing,
and Inquiry-Based Learning

Block-based programming languages, commonly used in lower grades due to their
low entry barriers, offer a hands-on approach to learning by enabling students
to visually create code through block objects that contain instructions, much
like building a toy house with snap-together construction bricks [52]. Even in
early childhood, this approach is particularly beneficial for the development of
problem-solving and associated cognitive skills [39]. In the LEs discussed in this
paper, the official block-based environment Makecode for micro:bit [33,34] was
employed to solve problems and code a solution. The choice of this platform sup-
ports Papert’s view of coding or programming as a vital element to intellectual
development [26] and is complemented by the concept of physical computing.
Physical computing is the concept of connecting devices to the physical en-
vironment, fostering a deeper understanding of programming and encouraging
learners to manifest their problem-solving thought processes through tangible
products [41]. This haptic interaction has been shown to expand learners’ cre-
ativity and imagination about the possibilities of code [44]. To facilitate these
learning experiences, we employ inquiry-based learning (IBL) that utilizes the
5E instructional model –engage, explore, explain, elaborate, and evaluate– as a
flexible framework for fostering curiosity and deeper investigation [1,43]. This
model is used to structure the process, with learners engaging interactively with
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resources designed to encourage playful exploration and active inquiry, either
through guided or self-directed discovery [18].

2.2 Curriculum: Didactic Approaches and Competence Areas

The implementation of basic digital education (BDE) necessitates holistic di-
dactic approaches to digital artifacts described in the following by the cur-
riculum [5]. These approaches encompass co-constructive, experiential, design-
oriented, reflective, and problem-solving methods. Critical thinking, design think-
ing, inquiry-based learning, and playful learning are highlighted as key method-
ologies. BDE demands interdisciplinary and transdisciplinary forms of classroom
work, integrating the three primary domains:

Media Education: focuses on the genesis, evolution, and future of digi-
tal media constellations. It involves reflection on media-biographical develop-
ments, conditions of media socialization, and digital inclusion/exclusion dynam-
ics. Informatics Education: encompasses analyzing, interacting, modeling,
coding, and testing in relation to informatics systems, software, automation,
data, and networking. It aligns with 21st-century skills, emphasizing critical
thinking, creativity, communication, collaboration, and computational thinking.
Design Competence: integrates informatics education and media education,
offering diverse analytical, productive, and creative approaches to functional me-
dia applications and aesthetic media formats in globalized digital cultures.

These three domains are intended to be interwoven in a balanced, creative,
and integrative manner to foster a comprehensive digital literacy [23].

The competence areas to apply from the curriculum [5] are divided into five
main sections, each with specific goals for each grade level in middle school from
grade 5-8 (10-14 years):

Orientation: Analyzing and reflecting on the social aspects of media change
and digitization. Information: Handling data, information, and information
systems responsibly. Communication: Using informational and media systems
to communicate and cooperate effectively. Production: Creating and publishing
digital content, designing algorithms, and programming. Identify, develop, and
apply computational thinking skills to solve problems. Action: Evaluating and
responsibly utilizing the offers and options available in a digital world.

2.3 ’Frankfurt-Dreieck’ Model

The ’Frankfurt-Dreieck’ model, proposed by Brinda et al. [8], offers a compre-
hensive framework for understanding and implementing education in a digital
world. The interdisciplinary approach of the model emphasizes the interplay be-
tween three key perspectives: the technological-medial (T), socio-cultural (G)4,
and interaction-oriented (I) dimensions of digital phenomena and is part of the

4 Society (German): (G)esellschaft
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curriculum for BDE [5]. The model’s strength lies in its ability to contextualize
technological concepts within societal impacts and practical utilization, thereby
providing educators with a more nuanced and interdisciplinary understanding
of digital systems. This approach is especially beneficial in the context of the
accelerated digital transformation that is currently underway. It equips students
with the analytical skills to not only create and utilize technology but also to
critically evaluate its implications and potential consequences in a variety of
contexts.

The model comprises three central perspectives on the digitization of educa-
tion – see Figure 1: (T) Technological-medial: analyzes the role of technolo-
gies and media in education and communication. (G)1 Socio-cultural: looks
at the impact of digital transformation on society and culture, including social
inequalities and changes in values and norms. (I) Interaction-oriented: ana-
lyzes and reflects upon the interaction between individuals and digital systems
during application. The ’Frankfurt-Dreieck’ [8] is aimed at researchers who deal
with the theory and reflection of education in the digital context. It is intended
to contribute to the development of a comprehensive and multi-perspective view
on the challenges and opportunities of digital transformation for education. It
was developed by computer scientists, media educators, and media researchers
and is based on the "Dagstuhl-Dreieck – Declaration on Education in the Digital
Age"[35].

Figure 1. ’Frankfurt-Dreieck’ Adaption from Doebeli Honegger & Salzmann [13] with
extensions by the first author.

3 Methods

This study attempts to achieve a milestone in a comprehensive design-based re-
search (DBR) project [32] aimed at developing practical guidelines for a hands-on
teaching and learning handbook for CT. Launched in 2019, the project intro-
duced the micro:bit and computational thinking (CT) concepts to primary and
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secondary schools, focusing on teachers and students aged 8-14. The milestone
encompasses three key investigations: the adaptation of an OER for flipped learn-
ing [24], an exploration of the combined effects of physical computing and block-
based programming in primary schools [25], and an assessment of CT teaching
effectiveness in middle schools using Bebras – currently accepted for publication.
Participating teachers received specialized training to implement these learning
environments (LEs) and the corresponding assessment tools effectively.

To achieve a better balance between digital media, computer literacy, and in-
formatics (CS/CT) for the new BDE curriculum, we investigated programming
within the broader context of media use and creation. Resnick and Rusk [45]
identified 4Ps – the four pillars of effective digital education –projects, passion,
peers, and play– emphasizing meaningful projects, student engagement, collab-
oration, and playful experimentation. Similar principles are found in the COOL
Informatics approach [46], which promotes discovery, cooperation, individual-
ity, and activity. COOL Informatics also integrates neurodidactical perspectives,
aligning closely with the 4Ps framework [23].

By transforming these approaches, we developed three CT-focused LEs that
form the foundation of practical handbook principles, offering actionable strate-
gies for the classroom. Our analysis highlighted a strong synergy between the
4Ps framework and COOL Informatics, particularly in the alignment of ’peers’
from the 4Ps with ’cooperation’ in COOL Informatics. The principles derived
from this research encompass all elements of the 4Ps, creating a clear progression
from theory to practice. The resulting framework serves as a guide to enhance
understanding and awareness of CT in the classroom, establishing a comprehen-
sive link between computational thinking, media literacy, and computer skills for
basic digital education (BDE). Building on a previous conference paper [23], we
expanded our framework to further explore curriculum alignment, focusing on
mapping the LEs to the curriculum’s two-dimensional competency framework.
As demonstrated in Appendix - Table 1, our framework provides thorough and
balanced coverage of nearly all facets of the curriculum.

4 Results

This section outlines the derived design research principles for creating effective
learning environments (LEs) for CT and problem-solving to scaffold teachers,
especially those new to computer science, as they embed CT into BDE lessons.
The following eight principles facilitate the 4Ps and COOL Informatics frame-
works, allowing for smooth classroom implementation and curriculum-aligned
lesson planning.

‘Hello World’: Asking why and what for fosters understanding of program-
ming concepts, but quick action is crucial in the beginning. Typically, beginners
start with the basic task to output ’Hello World’ on the display. With Make-
code and micro:bit, learners can easily start by making a heart appear on the
5x5 LED display instead of text. The color-coded programming blocks are easy
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to find, and learners can playfully create programs by dragging and dropping
blocks, experimenting until they reach the desired result.

Input-Process-Output (IPO): The IPO principle demonstrates how com-
puters operate. We introduce input using micro:bit’s A and B buttons after
showing output with a heart on the display. Alternately pressing A (display
heart) and B (clear) simulates a flashing heart. Moving on, we use traffic lights
as an analogy for automated processing. To automate switching and flashing, we
implement button processing via a loop. Pressing A+B initiates the process, al-
ternating between heart and blank displays. This creates an automated flashing
heart, preparing the next steps for evaluation and testing.

Evaluation and Debugging: Initial testing may reveal that the blinking
occurs only once when triggered by A+B, highlighting the importance of eval-
uation in programming. When outcomes do not meet intentions, debugging is
crucial to identify and fix code flaws [27]. Makecode’s step-by-step debugger and
program flow verbalization can aid this process [19]. Pair programming princi-
ples should be applied to evaluation, debugging, and the entire computational
thought process.

Pair Programming: Budget constraints often prevent providing one device
per child in new projects. Pair programming offers both a solution and educa-
tional benefits by having two programmers collaborate on one device. One types
(driver), while the other guides (navigator) [9]. This method fosters communi-
cation and understanding, with regular role reversal enhancing code quality and
peer interaction [17]. Integrating peer learning and teaching with open-ended
tasks from the textbook wiki [28] and using animated tutorials from Makecode
can further enrich the experience by demonstrating code from a third-person
perspective.

Open-Ended Learning and Makerspaces: The OER textbook encour-
ages open-ended learning, fostering creativity, collaboration, and critical think-
ing in CT [50]. It recommends sample extensions for further micro:bit project
development. Practical experiences in makerspaces, games, or real-world chal-
lenges deepen knowledge. Makerspace activities fit well into flipped classrooms,
when split into pre-class programming and in-class making to maximize hands-
on time [24]. This approach fosters a growth mindset, ownership of learning, and
new opportunities through challenges in physical computing.

Physical Computing and AHA! Experience: Connecting a micro:bit
to a computer offers a tactile experience of code and algorithms [22]. Online
tutorials from the textbook wiki or Makecode provide initial guidance. Once
code upload is mastered, a portable power supply may be needed, marking the
first "AHA!" moment as concepts become tangible [49]. With onboard sensors
and actuators, the micro:bit interacts with the physical world, such as a portable
step counter. For further exploration, attach it to a leg to count steps using the
accelerometer and a portable power supply [37].

CT-Dimensions: Concepts, Practices, and Perspectives: Educators
need a deep understanding of Brennan and Resnick’s 3D framework [7] to effec-
tively design and assess CT learning experiences. The Beginners Computational
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Thinking test (BCTt) can assess foundational CT concepts (sequences, loops,
conditionals, data, operators) essential for coding [55]. While CT assessments
were explored in prior studies [6,25], this paper focuses on handbook principles.
CT practices and perspectives cannot be directly measured from Makecode ar-
tifacts. We analyzed the LEs for CT practices (like evaluation and debugging)
and CT perspectives through feedback on pair programming and CS-unplugged
activities. By evaluating the LEs comprehensively, we indirectly assess CT prac-
tices and perspectives.

CS-Unplugged Activities: Use CS-Unplugged activities to teach CS ba-
sics without computers [4]. This free resource uses games and everyday items to
explain CS concepts. For example, the parity magic trick can teach error detec-
tion and correction, a crucial data transmission concept. CS-Unplugged offers
a unique, hands-on approach to learning foundational CS and CT principles,
essential for digital education [10].

5 Discussion and Conclusion

Computational thinking (CT) within the BDE curriculum corresponds to the
technological-medial (T) aspect of the ’Frankfurt-Dreieck’ described in Section
2.3. Furthermore, the curriculum contains five competence areas (orientation,
information, communication, production, action) as the second dimension – see
Section 2.2. However, the curriculum’s lack of explicitness regarding actionable
CT can hinder teachers’ readiness to incorporate CT into their lessons. To ad-
dress this, our approach advocates for a smooth introduction to computer science
(CS) and CT through the implementation of our design principles for a prac-
tical handbook, based on educational design research (EDR) [3,31]. This will
make CT more accessible for new BDE teachers, strengthening their confidence
and facilitating learning of basic CS/CT concepts through hands-on experience.
By focusing on the principles, teachers can better understand how CT relates
to their broader educational goals of BDE and implement it effectively in their
classrooms.

The emerged design principles for CT education emphasize core program-
ming concepts, including ‘Hello World,’ Input-Process-Output, and debugging.
These foundational practices foster a problem-solving mindset, requiring reflec-
tive thinking and initial guidance, complemented by scaffolding material [50].
Integrating open-ended challenges alongside makerspaces and physical comput-
ing demands precise implementation guidelines [14]. The holistic view of CT from
the 3D framework unifies all dimensions of a comprehensive CT education and
enhances its accessibility. This overarching concept permeates all materials and
can be highlighted through CS-unplugged activities. A practical implementation
example of the design principles is included in the Appendix.

Based on Hsu’s [21] review, our handbook design principles for CT draw
on effective learning and teaching strategies and best practices. This provides a
strong foundation for educators aiming to integrate CT into their classrooms,
regardless of a formal CS background.
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Future research will focus on evaluating and refining these principles through
in-service teacher training on basic digital education (BDE) to assess their im-
pact on the acceptance of CT within BDE and for future classroom integration.
By examining how teachers adapt and create learning materials based on these
principles, we can develop a comprehensive support handbook, refining its con-
tent and design through iterative reflections. Moreover, by conducting compar-
ative studies with neighboring European countries [29], we aim to identify best
practices in CT integration for K-8 education in Austria and abroad.

Conclusion. Integrating computational thinking (CT) into classrooms pro-
vides a valuable opportunity for its continued development through experiential
learning. By transforming LEs to seamlessly embed CT constructs like algo-
rithms, abstraction, and automation, students and teachers can deepen their
understanding of fundamental computer science (CS) principles and cultivate
CT skills without pre-existing knowledge [54]. As students and teachers engage
with CT and apply its problem-solving approaches, they naturally develop con-
fidence and fluency to master the complex challenges of the digital era.
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APPENDIX

Implementation of CT Handbook Principles – Example

Mr. John Mayer, a middle school teacher for grade 8 students, organizes a project
to introduce computational thinking (CT) through environmental data collection and
analysis using the micro:bit and external sensors. The project involves logging temper-
ature and humidity data from indoor and outdoor locations, transmitting this data via
radio to a central logger.

’Hello World’: Students begin by programming a micro:bit to display tempera-
ture readings on its LED screen. This simple task familiarizes them with the MakeCode
environment and provides an early success. Input-Process-Output: Mr. Mayer ex-
plains IPO using the micro:bit’s built-in temperature sensor as input, data processing
in the code, and LED display or radio transmission as output. Debugging and Pair
Programming: Students work in pairs to develop their data logging programs. One
student writes code while the other reviews and debugs, enhancing their problem-
solving skills and code quality. Open-ended Learning and Inquiry-Based Learn-
ing: Mr. Mayer challenges students to design an efficient data logging system. Students
research micro:bit capabilities, radio communication protocols, and data storage meth-
ods, fostering self-directed learning. Physical Computing and AHA! Experience:
Students experience tactile "AHA!" moments when they connect external sensors to
the micro:bit and successfully transmit the data between micro:bits for logging. CT
– Concepts, Practices, Perspectives: Throughout the project, Mr. Mayer intro-
duces CT concepts like variables, loops, and conditionals. Students practice abstraction
by designing functions for data collection and transmission. They gain perspective on
system thinking by considering the entire data flow from sensor to central logger. CS-
unplugged: To illustrate radio communication concepts, Mr. Mayer uses a human
chain activity where students pass messages (data packets) across the room, demon-
strating concepts like data loss and packet order.

Data Logging Implementation: (1) Students program multiple micro:bits as
data collectors: some placed indoors, others outdoors. (2) Each collector micro:bit is
programmed to: - Read temperature and humidity at regular intervals (e.g., every 15
minutes) - Store readings temporarily with timestamps - Transmit data packets via
radio at set intervals (3) Students program a central micro:bit as the data logger:
- Listen continuously for radio transmissions - Store received data in the micro:bit’s
memory - Display basic statistics on its LED screen (e.g., daily high/low temperatures)
(4) Data Analysis on micro:bit/computer: - Calculate and display average temperatures
and humidity levels - Show temperature trends using LED brightness or simple graphs
- Compare indoor vs. outdoor readings using scrolling displays - Program the central
logger to export data for basic analysis

Suggested Extension Activities: (1) Students design a simple data visualization
for the micro:bit’s LED display. For example, they might create a scrolling display of
24-hour temperature changes or use LED brightness to indicate temperature ranges.
(2) They program alerts for extreme temperature or humidity conditions. (3) Students
compare data from different locations within the school, investigating factors that might
influence temperature and humidity.

This project allows Mr. Mayer to integrate CT principles into a practical, long-
term data collection effort using micro:bits and external sensors. Students gain hands-
on experience with sensor technology, radio communication, data logging, and basic
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data analysis, all while exploring real-world environmental patterns in their school and
community.

Tables and Figures

Table 1. Coverage of the curriculum’s two-dimensional competency frame-
work through Handbook Design Principles – (1) Competence Areas (Section 2.2]
and (2) ’Frankfurt-Dreieck’ △ Perspectives (Section 2.3). – Own representation by the
first author.

Action Areas/
Frankfurt △
Perspectives

Orientation Information Communication Production Action

(T)
Technological-
medial

’Hello-World’,
IPO,
CS-Unplugged
1, 2, 8

Physical
Computing
& AHA!,

Open-Ended
Learning

& Makerspaces
5, 6

– Evaluation
& Debugging,

Pair
Programming,
Full 3D FW,

CS-Unplugged
2, 3, 7, 8

’Hello-World’,
IPO, Physical
Computing
& AHA!,

CS-Unplugged
1, 2, 6, 7

(G)
Socio-cultural

Open-Ended
Learning
& Makerspaces
5

– Pair
Programming 4

Evaluation
& Debugging,

Pair
Programming

3, 4

–

(I)
Interaction-
oriented

Physical
Computing
& AHA! 6

Evaluation
& Debugging,
Full 3D FW,
Open-Ended

Learning
& Makerspaces

3, 5, 7

Pair
Programming,
Open-Ended

Learning
& Makerspaces

4, 5

Physical
Computing

& AHA!, Full
3D FW,6, 7

Open-Ended
Learning

& Makerspaces
5

Handbook Design Principles: 1 ’Hello World’, 2 Input-Process-Output, 3 Evaluation & Debug-
ging, 4 Pair Programming, 5 Open-Ended Learning & Makerspaces, 6 Physical Computing & AHA!
Experience, 7 Full 3D Framework for CT: Concepts, Practices & Perspectives, 8 CS-Unplugged Ac-
tivities. (See Section 4 – Results)

Figures: No Figures are provided in the Appendix.
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