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Learning Computational Thinking in Phenomenon-Based Co-Creation 

Projects: Perspectives from Finland 

 

Abstract 

The professions and skills needed in modern society are rapidly changing. 

How will we provide our students with the skills they will need in the future? 

These 21st-century skills, such as critical thinking, communication, creativity, 

and computational thinking, cannot be learned through traditional methods. 

Therefore, there is an urgent need to rethink and redesign education. 

Phenomenon-based learning is one of the most promising new pedagogical 

approaches and is widely used in schools in Finland. Phenomenon-based 

learning has been successfully implemented, for instance, in STEAM (science, 

technology, engineering, arts, math) education and in co-invention projects.  

In this chapter, we will discuss the relation between phenomenon-based 

learning, learning computational thinking, and learning computational 

creativity skills. Co-creation and co-innovation will be proposed as metaphors 

for learning computational thinking and computational creativity skills. 
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Introduction 

Societies and industries have changed significantly in recent decades. The 

emerging innovation society has resulted in the technological, sociological, 

and cognitive development of society. Our professional lives are highly digital, 

but K–12 education (both teaching and learning) is still taking its first steps in 

a digital transformation. In order to understand and become an active member 

of society, students have to learn to understand the technology behind 

digitalization. Understanding algorithms, such as procedural thinking, 

reasoning, and decision-making mechanisms, helps students understanding 

technology and how it works. However, in addition to understanding 

algorithms and computational thinking, students should be able to utilize them 
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in their personal and collaborative thinking, problem-solving, and creative 

pursuits. 

Modern society relies on advanced technologies, such as artificial 

intelligence (AI) and data analytics. In order to understand the automatic 

decision-making of online services and social media, students need 

computational thinking skills. Moreover, the role of information that is 

processed and analyzed by AI is increasingly important in our everyday lives. 

For example, while banking or shopping, a customer’s information determines 

the ads and customized services they see based on automatic decision-making 

by an AI. When using a search engine or reading a newspaper online, the user 

is targeted by personalized content and ads based on the motives and content 

interests of service providers. Learners should be aware that the internet’s 

search engines and social networking tools rate and censor search results and 

information based on various commercial and political motives. 

The major challenge of the K–12 educational system globally is to help 

students develop critical thinking skills and creative capabilities, especially 

related to understanding computational processes and mechanisms. In the 
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digital world in which we live, computational thinking skills are a prerequisite 

for critical thinking. How can we ensure that K–12 educational systems are 

capable of helping students develop these skills? What methods do we need to 

use to learn and teach these skills? What wider changes in the organization of 

teaching and learning in educational institutions are needed? 

 

Computational Thinking as a 21st-Century Skill 

Various definitions and frameworks for 21st-century skills (Trilling and Fadel 

2009) have been used as a base for K–12 curricula to define transversal 

competencies and goals for education. Widely used frameworks in K–12 

education usually include such competencies as collaboration, communication, 

citizenship, creativity, critical thinking, and character building. Most 21st-

century skills frameworks are focused on so-called soft skills (Bereiter and 

Scardamalia 2012) and neglect, to a large extent, the importance of logic and 

mathematical or algorithmic reasoning. Wing (2006) introduced the idea of 

computational thinking as a fundamental skill for everyone; nevertheless, none 

of the widely used frameworks have adopted it. Very often, computational 
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thinking is only linked to computer science or STEAM (science, technology, 

engineering, arts, and mathematics) education and is narrowly understood to 

only include coding or ready-made mathematical algorithms.’ 

A common mistake is to talk about coding when we should talk about 

computational thinking. Coding is often used as a generalized term for 

programming or, even more often, misused to describe some ill-defined 

activities with computers. In order to understand how to do programming, it is 

necessary to comprehend computational thinking and system design. 

Computational thinking is not a new concept but has been studied and 

discussed mainly by computer scientists (Wing 2006; Denning 2009; Tedre 

and Denning 2016). However, it should be more extensively investigated by 

educational researchers and learning scientists when designing K–12 curricula 

and educational practices. 

The importance of computational thinking was introduced by Wing 

(2006) and more widely studied by Denning and Tedre (2019). Primitive 

forms of computational thinking have existed in the form of mathematics and 

calculation throughout history, even in the time before computers. In modern 
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terms, computational thinking may be defined as cognitive skills and practices 

for designing computation and computing systems and for explaining and 

interpreting the world in terms of complex information processes (Denning 

and Tedre 2019). Wing (2008) has defined computational thinking more 

compactly as analytical thinking utilizing abstractions, as she defines 

computing to be the automation of abstractions. However, computational 

thinking is not only important for computing or for learning programming but 

it is also a highly generalized cognitive skill needed for critical thinking, 

media literacy, and knowledge production, as well as for comprehending 

ethical issues related to data-driven society and various aspects of AI and its 

ethically sustainable use. 

 

Learning and Teaching Computational Thinking in Modern K–12 

Education 

The utilization of computational thinking in K–12 education is anchored in our 

conceptions of emerging digital technology, theories of learning, and 

technology-mediated practices of learning and teaching. It appears to us that 
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computational thinking requires a new level of epistemic fluency 

(Markauskaite and Goodyear 2017), interconnecting abstract and real-life 

phenomena by learners and teachers. When considering pedagogical 

applications of computational thinking in K–12 education, it is not enough to 

address mere programming or coding. Programming in K–12 education is 

sometimes even simplified to routine procedures of giving directions to a 

computer or to a robot through individual commands. Coding does not equal 

computational thinking (Wing 2006, 2008) or adequate computing skills; a 

wider approach than coding is needed for learning and understanding the 

computational aspects of problem-solving and analyzing, modelling, and 

automating abstractions (see Figure 5.1). The focus should be on modelling 

and understanding real-world phenomena by designing, creating, and utilizing 

abstractions and by creating algorithms and simulations. In addition, the focus 

of learning should be on systemic thinking, as in system theories or system 

design. 
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Figure 5.1. Framework for learning computational thinking in K–12 

education, consisting of the computational system and human information 

processing. 

Computational thinking skills cannot be adequately learned in a 

decontextualized setting of programming or designing algorithms without a 

connection to real-world phenomena and their modelling. We argue that 

epistemic flexibility is essential to comprehending relations between the real-

world phenomena (problems to be solved) and the abstractions (computational 

models or algorithms) that are used for problem-solving. The goal of learning 

should be a systemic understanding of the entire computational system, 

including real-world phenomena, computing, and human information 
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processing. 

The use of modern information technology and modern computing are 

fundamentally culturally mediated cognitive skills. Computational thinking 

(Wing 2006, 2008) can be associated with metacognitive skills and the 

sophisticated use of a repertoire of cognitive strategies. Using algorithms as a 

mental tool augments the power of human cognitive capacity and fosters the 

development of cognitive strategies. Simultaneously, computing and 

computers are used as tools for complex physically distributed cognition 

(Salomon 1993; Pea 1985). Computational power and computers are often 

used to solve problems that would be difficult or virtually impossible to solve 

with a human’s information-processing capacity. A computational system 

consists of human cognitive processes, distributed cognition, and information 

processing on a computer (see e.g., Pea 1985b; Salomon, Perkins, and 

Globerson 1991), all embedded in the social practices of human communities 

(see e.g., Ritella and Hakkarainen 2012). Human cognition and computer 

processing can be seen as intertwined agents of the cognitive system used for 

complex problem-solving. Moreover, the socially shared cognition mediated 
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by computers boosts these intertwined agents of the cognitive systems that 

jointly may provide a crucial platform for creating novelty and innovations. 

Ideally, when learners are provided with opportunities for cultivating 

computational thinking skills in K–12 education, they should have 

generalizable capabilities for organizing, reorganizing, modelling, analyzing, 

utilizing, and computing information to problem-solve in any subject domain. 

This raises a pedagogical challenge for K–12 educational systems: how should 

computational thinking be taught so that students gain adequate skills? 

Computational thinking cannot be learned by reading books, by listening 

to teachers’ lectures, or even by coding. Socio-digital processes combined with 

co-computational thinking are needed. The best way to ensure a holistic 

understanding of computational thinking (see Figure 5.1) is to connect it to a 

real-world phenomenon and to pursue complex projects that require the 

interrelation of concrete experiences with abstractions and associated formal 

languages. In order to learn novel skills needed for the future, such as 

computational thinking and creativity skills, new epistemologies (see Table 

5.1) and metaphors for learning are needed. Beyond knowledge acquisition, 
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these emerging metaphors of learning highlight the importance of learning 

through computational participation (Kafai 2016) and collaborative knowledge 

creation (Paavola and Hakkarainen 2005, 2014). Hence, co-creation and co-

innovation are seen as crucial for learning computational thinking and 

creativity. 

 

Table 5.1. The epistemic approach for learning the traditional and new 

skills needed in a highly digitalized working life and in modern AI- and 

data-driven societies. 

 Surface learning Deep learning Phenomenon-based 

learning 

Goal Recalling facts Understanding Creating new 

solutions 

Outcome Capability to apply 

information only in a 

narrow context, if at 

all 

Capability to apply 

knowledge in 

various situations 

Capability to create 

new solutions for 

various new 

situations 

Methods Information 

acquisition 

Collaborative 

knowledge building 

Co-creation and co-

innovation 

Focus Facts Knowledge Thinking skills and 

strategies as well as 

innovation practices 

 

Rather than merely digitalizing traditional acquisition-oriented and 

teacher-centered instructional practices (surface learning), it is critical to 
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cultivate technology-enhanced practices of learning and instruction that 

provide opportunities for social participation and collaborative creation of 

knowledge (Hakkarainen 2009; Paavola and Hakkarainen 2014). In order to 

appropriate socio-digital instruments as tools of everyday activity, it is 

necessary to transform everyday practices of learning and instruction as well 

as change the operational culture of schooling (Ritella and Hakkarainen 2012). 

Educational transformation is a systemic change and requires strong 

institutional support to succeed (Fullan 2016; Fullan and Quinn 2015). It is 

particularly important to develop novel epistemologies of learning and 

teaching, such as the phenomenon-based approach, in order to integrate the 

entire community of the school and to promote the pedagogic transformations 

that the effective learning of computational thinking will call for. 

In addition to computational thinking, we propose that computational 

creativity skills should be a goal of K–12 curricula. We cannot train our 

children to be merely computer players or even programmers in the future; we 

will have to train them to become computer composers with real 

computational creativity skills. To use a musical metaphor, it is not merely 
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about pressing a piano’s keys, but about being able to interpret, compose, and 

create music. Computational creativity skills are not focused on the 

automation of existing processes or abstractions of the real world but rather on 

innovating and creating novel solutions, abstractions, and epistemic artifacts 

that may not yet exist. Computational creativity skills are used to create art 

and design artifacts, processes, and innovations by using computing, digital 

fabrication, and shared socio-digital processes. 

 

Phenomenon-Based Learning and Co-Creation Projects as an Approach 

to Learning Computational Thinking and Computational Creativity 

Skills Education 

Phenomenon-based learning can be described as multidisciplinary inquiry 

learning where teaching and learning, as well as curriculum, are based on 

holistic and authentic topics—not on traditional school subjects or 

decontextualized exercises. The key dimensions of phenomenon-based 

learning are presented in Table 5.2. 

Table 5.2. Key dimensions of phenomenon-based learning. 
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Holism The topics and concepts to be learned are chosen for their 

relevance in the real world, and a 360° perspective is offered 

through the integration of traditional school subjects. 

 

Authenticity  The methods, tools, materials, and cognitive practices used in 

learning situations should correspond to ones in the real world: 

for example, in professional life. 

Contextuality  Learners learn new things in their natural context and learn to 

move fluidly between contextualization and abstraction. 

 

Problem-based inquiry 

learning 

Learning and collaborative knowledge building are based on the 

questions and problems posed by learners, and solutions are 

created by them as well, allowing them to take an active role in 

designing the curriculum. 

Learning as a nonlinear 

process 

Learning is seen as a nonlinear process, which is activated, 

guided, and facilitated by open learning challenges and 

supporting structures. 

 

The basis of phenomenon-based teaching and learning can be found in 

constructionism, which sees learners as active builders and creators of 

knowledge and artifacts. Knowledge is constructed as a result of problem-

solving and creative production through the integration of little pieces into a 

comprehensive whole according to the situational needs and the information 

available at the time. When phenomenon-based learning occurs in a 
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collaborative setting (when the learners work in teams, for example), it 

supports the socio-constructivist and socio-cultural learning theories, in which 

knowledge is not merely an internal element of an individual. Instead, 

knowledge is formed in a social context. Socio-cultural learning theories focus 

on cultural artifacts (e.g., systems of symbols, such as language, mathematical 

calculation rules, and different kinds of thinking tools). Learning relies on the 

knowledge and tools, which are transmitted by cultures, that are used 

generatively in novel contexts and for novel purposes. 

Phenomenon-based learning begins with the shared observation of 

holistic, genuine real-world phenomena in the learning community. The 

phenomena are studied as complete entities in their real context, and the 

knowledge and skills related to them are studied by crossing the boundaries 

between school subjects. Phenomenon-based integrative study units frequently 

represent such holistic topics as climate change, the water cycle, and health 

and nutrition. This differs from traditional school culture, which is divided into 

subjects, where the things studied are often split into relatively small, separate, 

and decontextualized parts. 
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In phenomenon-based teaching, understanding and studying the 

phenomenon starts by asking a question or posing a problem (e.g., why does 

an airplane fly and stay up in the air?). At its best, phenomenon-based learning 

is cyclic inquiry learning, where the learners ask questions or pose problems 

about a phenomenon that interests them and then discover answers and find 

solutions together. The problems and questions are posed by the learners 

together—they are things the learners are genuinely interested in. Learners 

play a central role in creating and solving the learning challenges being 

pursued. 

The observation is not limited to a single point of view; instead, the 

phenomena are studied from various points of view, crossing the boundaries 

between school subjects naturally and integrating subjects like mathematics, 

history, foreign languages, and psychology with a variety of themes. 

Phenomenon-based structure in a curriculum actively creates better 

opportunities for integrating computational thinking in various subjects and 

themes and for the systematic use of pedagogically meaningful methods, such 

as collaborative knowledge building (Scardamalia and Bereiter 2006), flipped 
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classrooms (see e.g., Bergmann and Sams 2012), and computational 

participation (Kafai 2016). The phenomenon-based approach is also key to the 

versatile utilization of various digital learning environments (e.g., diversifying 

and enriching learning while using online learning environments). 

In the learning process, new knowledge and skills are always applied to 

the phenomenon or the problem at hand, which means that the concepts, 

knowledge, and skills have immediate utility value that is evident in the 

learning situation. In order to absorb new knowledge and skills, it is very 

important that learners apply and use the knowledge and skills, such as 

computational thinking, during the learning situation. Information learned only 

at the level of reading or theory (such as memorized physics formulas and 

calculation rules without real context or related problems) often remain 

superficial and separate details for the learners. They are unable to gain a 

comprehensive understanding and deeper knowledge of the real-world 

phenomenon and unable to internalize its meaning. Often, it has been said that 

“you cannot learn to drive a car by using pen and paper” or that “cloze tests 

only teach how to answer cloze tests—there are no cloze tests in real life or 
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professional life.” Beyond encapsulated schoolwork, there are real 

communication situations where knowledge must be applied and messages 

must be transmitted clearly and comprehensively to another person. 

The phenomenon-based approach can significantly increase the 

authenticity of learning. This authenticity culminates in making the learner’s 

cognitive processes and practices authentic. In a learning situation, the 

learner’s cognitive processes, therefore, correspond to the cognitive practices 

required in the actual situation in which the knowledge and skills would be 

used. Toward that end, it is important to engage learners in creative activities 

that guide them to adopt the practices and epistemic games (Shaffer and Gee 

2007) of computer scientists, designers, engineers, and scientists. In this 

authentic learning, the aim is to bring genuine practices and processes into 

learning situations in a pedagogically structured way when applicable, which 

allows the learner to participate in the expert culture of the field. Authenticity 

is a key requirement for the transfer and practical application of knowledge. 

The new phenomenon-based approaches for teaching and learning 

computational creativity skills are fostered by the novel affordances of socio-
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digital technologies that provide sophisticated professional-level tools for 

creative production. Associated practices involve, for instance, students 

learning by designing and building robots or utilizing 3D HoloLens, 3D 

printers, and sensors in their creative projects. The phenomenon-based 

projects emphasize a way of thinking in which students solve authentic design 

challenges thorough various collaborative design activities, apply 

computational thinking, and do actual coding, depending on the nature of the 

project. 

Many Finnish schools are building educational makerspaces (see e.g., 

Peppler, Halverson, and Kafai 2016) by integrating arts and crafts, technology 

education, and science laboratories into other school subjects. Schools in 

Helsinki have organized codesign and co-invention projects that engage 

learners in designing complex artifacts that spark intellectual, engineering, and 

aesthetic challenges at lower and upper primary schools (Seitamaa-

Hakkarainen and Hakkarainen 2017). Students work in small teams to solve an 

open-ended invention challenge using traditional craft and digital fabrication 

technologies. Their projects, in which they create various prototypes and 
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products that assist in modelling the phenomenon, test and develop the 

learners’ hypotheses and working theories. The challenge, which is co-

configured with learners, might be, for example, to “design an intellectually 

challenging, aesthetically appealing, and personally meaningful complex 

artifact that makes daily tasks easier.” It could be a new or an improved 

invention, and it should integrate both physical and digital (e.g., circuits or 

robotic) elements. 

The role of teachers is not merely to facilitate learning but also to activate 

students’ computational thinking and learning processes. Toward that end, the 

learning-by-making activities are structured according to several stages, 

including skill building (e.g., working with microcontroller or other circuit 

boards), orientation (guided analysis of existing artifacts), and brainstorming 

with design challenges (in the classroom and at home with parents). They 

analyze design constraints (task requirements and resources), cluster design 

ideas, identify promising ones, and decide on their teams’ design project. They 

share design ideas in the classroom, get feedback, seek knowledge (e.g., by 

visiting technical or design museums), experiment with design solutions, and 
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construct prototypes of the design to arrive at their final solutions. It is also 

very important to organize exhibitions where teams can present their co-

inventions to other students and parents. The analysis of Sinervo et al. (2020) 

of the designs of thirteen fifth-grade students (aged eleven to twelve years old) 

revealed that the details of their innovations varied considerably. We 

categorized the teams’ co-inventions according to their main function, such as 

improving cleanliness, providing reminders, or addressing hygiene, health, and 

nutrition issues. The inventions also reflected issues related to user values 

(health-related inequality, inclusion, or personalization), use values (helping to 

resolve problematic situations), and environmental values (Sinervo et al. 

2020). 

Most of the teams’ co-inventions were considered appropriate and 

promising, and only two co-inventions were not explicated clearly enough and 

could be considered quasi-creative and infeasible. Some very original ideas for 

known problems were found—for example, how to vacuum a carpet and the 

creation of a new gel comb for styling hair, even though these teams were not 

able to construct fully functional solutions. The gel comb team had a hard time 
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figuring out how to get the gel out of the container. Some of the co-inventions 

were based on an already existing idea or product that was used in another 

context—for example, a pump bottle that was extended to help brush teeth 

with toothpaste more easily. In some cases, the co-invention was based on the 

adaptation of existing artifact designs by slightly modifying an existing 

product—for example, an automatic garbage container with an alarm that 

sounds when it is almost full. This long-term, open-ended invention project 

provided valuable learning opportunities for iterative problem-solving, shared 

meaning making, and collaboration that required a division of labor, 

organization, and personal responsibility. Phenomenon-based learning 

empowers students to participate in the co-creation and co-innovation 

processes that are needed to learn computational thinking skills and 

computational creativity skills. By using co-creation and co-innovation as 

learners’ activities, the learning process is more insightful and inspiring. The 

role of the learner is not that of an object but that of an active subject of 

learning. 

A more demanding example of a phenomena-based co-invention project 
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was conducted with one class of seventh-grade students (aged thirteen to 

fourteen). The project was initiated by the craft and visual arts teachers and 

involved the participation of mathematics, physics, chemistry, and information 

technology (IT) teachers, who provided their expertise to the inventors when 

needed. Eighth-grade digital technology students who had done a similar 

project the year before also helped the inventors during the project. The 

project started with two warm-up sessions for skill building. In the first 

session, the students built electric circuits using cards with copper tape, simple 

LEDs, and a coin cell battery. The aim of this warm-up session was to 

familiarize the students with basic electric circuits, so they would be able to 

use them in their inventions. The second warm-up session was organized by 

the eighth-grade students; they planned and held a workshop for the seventh 

graders about microcontrollers, basic programming with block-based coding, 

sensors, and DC motors. Many of the students had only done very simple 

Scratch programming tasks before this. After that, the actual collaborative 

invention project was initiated, and it ran for eight to ten weekly two-hour 

sessions. Also, in this project, the collaborative invention challenge was open-
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ended: “Invent a smart product or a smart garment by relying on traditional 

and digital fabrication technologies, such as microcontrollers and 3D CAD.” 

At the end of the project in May, the teams presented their inventions in an 

open invention exhibition held at the University of Helsinki. 

This project proceeded much as the previous example had; it was 

initiated and led by the student teams. The teachers and tutors provided help 

when needed, but the project teams took most of the responsibility for the 

design and the construction. As the challenge required, student teams needed 

to use various digital technologies. It was also typical of the teams’ processes 

that while ideating and experimenting, they confronted many phenomena 

related to physics, such as mechanics, electronics, and light and optics. Thus, 

they were exposed to numerous physics principles without being necessarily 

conscious of it. For example, one team (the banana light team) invented a 

banana-shaped LED light that attaches to a laptop lid and lights up the 

keyboard area. The features of their lamp included an RGB LED controlled by 

a microcontroller and a bendable structure that allowed the light to be directed 

to the keyboard. 
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During their design process, the team produced sixty-three design ideas 

in total, which can be divided into seven themes: (1) aesthetic features and 

name of the project; (2) materials; (3) light controls; (4) mounting to the 

laptop; (5) electrical connections; (6) directing light; and (7) other functions. 

The banana light team’s invention process had many science-intensive steps. 

For example, when the team designed the structure of the lamp, some concepts 

of mechanics became relevant. With the joints, they experimented intensively 

with 3D models and concrete prototypes. While searching for ways to attach 

the lamp to the lid of the laptop, the concept of friction came up. Furthermore, 

as the light was the main functionality of their invention, they spent a lot of 

time designing it and, thus, light and optics concepts were studied many times 

during the team’s work. The microcontroller was used to operate the LED 

lights of the invention, and they tested several different options for controlling 

them, especially for turning them on and off. Understanding classical IF logic 

was particularly significant in these experiments in terms of learning 

programming and basic computational thinking. Figure 5.2 shows a sketch and 

prototype of the banana light. 
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Figure 5.2. Illustrating, designing, and making a prototype of the banana 

light invention. 

Furthermore, the team continued by testing different methods of turning 

the light on and off with predetermined event functions of the microcontroller, 

such as tapping the microcontroller twice or clapping their hands to create a 

loud sound. In the second prototype, they ended up using a simple button that 

they determined would be the most reliable when presenting the lamp to an 

audience in a noisy environment. Later, they decided to take their 

programming a bit further and added a functionality to control the brightness 

of the LED with the board’s second button. The team was able to design a 

fully functional prototype meeting their specifications. These and other 

extensive maker-centered learning projects allow students to build epistemic 

flexibility in terms of interrelating concrete and abstract phenomena and, 
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thereby, provide ample opportunities for system design and learning 

computational creativity and computational thinking skills. 

 

Discussion 

The activities of computational thinking and programming are not equivalent 

to a human giving commands to a computer or a robot. Instead, they involve 

problem-solving and creativity, enhanced with computational tools and 

languages. It is not a matter of mastering certain commands or coding 

procedures but of engaging a designing system and creating digitally enhanced 

artifacts. How can we transform the educational system to help transform 

children from computer players to digital makers with real computational 

creativity skills? 

In order to succeed in modern society, students should have advanced 

socio-digital and computational thinking skills when they complete their K–12 

education. These essential skills are needed across all fields of study, from the 

humanities to the sciences, including productive participation in knowledge-

intensive work, and for becoming an active citizen in data- and AI-driven 
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digital societies. Computational thinking cannot, however, be learned 

incidentally, for example, by playing computer games or by coding at home. 

Although informal interest-driven and creative participation is important for 

overcoming digital divides, formal education that deliberately cultivates 

innovative pedagogy and the associated teachers’ expertise and guidance are 

urgently needed as well. The best way to provide computational thinking skills 

and computational creativity skills for all students is to integrate them into K–

12 education in curricula and in everyday teaching and learning practices in 

the form of phenomenon-based co-creation projects. As we live in highly 

digital societies, we should also start discussing 22nd-century skills, which will 

be focused on the innovation skills needed in an emerging innovation-driven 

society that is thoroughly based in AI and the smart use of big data. 

Computational thinking and computational creativity skills are the key 

competencies of such a society’s citizens. 

 

 

Practical Implications for Curriculum Design and for Educational 
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Institutions 

Learning computational thinking should begin from early childhood (for 

example, in the form of cognitive games, songs, and plays) and continue 

across the whole span of education. Digital technologies develop expansively 

and continuously, so the process of learning computational thinking and 

computational creativity skills should also be a sustaining, lifelong learning 

process. A significant challenge of teacher education is to help teachers 

develop digital and computational thinking skills that they did not have the 

opportunity to learn during their own childhood education. Only by acquiring 

computational skills and practices can teachers work as builders of children’s 

futures. In order to teach computational thinking and creativity skills in K–12 

education, both competent and educated teachers and the context and time for 

cultivating such competencies in teaching and learning are urgently needed. 

This creates a challenge for teachers’ in-service training. How can teachers be 

trained in pedagogical skills and methods that will scaffold students’ 

computational thinking and computational creativity skills? Our experiences 

indicate that novel professional competencies become accessible when 



31 

 

teachers are encouraged to collaborate with their colleagues and negotiate 

challenges through co-teaching. Teacher training should be thoroughly 

participatory and should engage teachers in co-creation and co-invention 

projects similar to those of young learners. 

Traditional computer science and programming education do not offer 

ready-made solutions for learning computational thinking or computational 

creativity skills in K–12 education. Instead, new practices and innovations 

require new pedagogical considerations in educational institutions on the level 

of the curriculum. An optimal impact on computational thinking with 

phenomenon-based learning and co-creation projects can be achieved by 

implementing the change comprehensively throughout the school’s operating 

culture and by ensuring that computational thinking and phenomenon-based 

learning are integrated into the holistic reform of teaching and learning. The 

challenge is to implement the pedagogical change coherently and 

simultaneously at all levels (teaching, leadership, learning, technology, and 

curriculum). According to Fullan (2016), system improvement will result from 

a deep change in the culture of learning, local ownership of the learning 
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agenda, and a system of continuous improvement and innovation that is 

simultaneously bottom-up, top-down, and sideways. Through systemic 

developmental efforts that integrate all levels, a permanent change in the 

operating culture can be achieved. 
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