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Foreword Invention Pedagogy: Bringing Equal Access to Progressive Pedagogies for All Children

Paulo Blikstein


Picture two groups of students. One is sitting stiffly in rows, memorizing equations. The second group is standing with its teacher on the roof of a tall building. Below, they see the pattern made by the business and industrial zones, surrounded by the greener residential districts. They go down to the street. Explore their city at close range. Then they go back to their classrooms, compare notes, and discuss what’s right and wrong with the city and what to do about it. The first group, meantime, is still memorizing equations. This is the difference between old and progressive education. It is based on the theory that schools should be adapted to the needs of children and of the increasingly complex society in which they are being trained to live. And this theory is not brand-new: it has been practiced for more than 20 years, but mostly in exclusive private schools.

These opening lines were shamelessly lifted, almost verbatim, from a Life magazine article published in the United States. They sound remarkably familiar, almost as if they could have come from the latest issue—after all, at the time of publication, “progressive schooling” had been practiced for two decades already. And yet, stunningly, the article is dated 5 June 1939 (for the full piece see “Young Americans Study America”, 1939).

That must give researchers and policymakers some pause and cause for humility. We have been trying to reform schools for 100 years, but is it working? Common sense appears to suggest that schools never change. This “standard critique of education” asserts that schools are the same as they were a century ago, with their focus on memorization, control, and standardization. I used to be a firm believer in this critique, but a few years ago, I started to realize that the full story is more nuanced and layered.

My doubts about the “standard critique of education” began when I started detecting, in multiple press pieces about new “edtech” companies and their CEOs, a common thread: the idea that we need to upend the “one-size-fits-all”, “passive” model. For example, in 2012, the CEO of Khan Academy said, “The old classroom model simply doesn’t fit our changing needs. […] It’s a fundamentally passive way of learning, while the world requires more and more active processing of information” (compare that to “schools should be adapted to the needs of children and of the increasingly complex society” from 1939!). He was not alone. For most of the 2010s, the CEOs of the largest edtech companies such as Knewton and alt.school have claimed that “schools never change”, condemned their standardized “soul-killing” lectures, and prescribed data-driven, personalized learning (for extensive documentation, see Blikstein & Blikstein, 2021; Reich, 2020; Watters, 2021).

As the son of a semioticist, I grew up overhearing weirdly sounding names such as Greimas, Foucault, and Bakhtin, so the claims of the CEOs sounded suspicious. Semiotics is a science of “detectives”: it puts discourse under a microscope, looking for patterns or unintentional fragments to reveal larger overarching themes and intentions. When venture-capital-fueled companies and entrepreneurs offer critiques that resemble those of luminaries of (true) progressive education such as John Dewey, Cynthia Solomon, and Paulo Freire, something might be amiss. And indeed, even though at first glance the words read similarly, one key element was missing: politics.

Freire’s or Papert’s critiques were not merely a commentary on “soul-killing” classroom pedagogy but on the politics of education and its societal goals. Far beyond being simply concerned with making classrooms more engaging or resuscitating the soul destroyed in the lecture hall, they had developed a pedagogical project that was enmeshed in a political one. Instead of compliance, tracking, and labor market preparation, they advocated for emancipation, youth empowerment, and knowledge-driven agency—not for a privileged few, but for all. And this crucial element was right there in the 1939 Life magazine article: “[Progressive education] has been practiced for more than 20 years. But mostly in exclusive private schools.” In other words, it is not that we have not known what emancipatory education looks like. We have for at least a hundred years: in one of Life magazine’s photos from 1939,1 students are learning math by building their own train tracks, in a room without desks and chairs, sitting on the floors, and working in groups. In another set of photos, they are actively investigating their own city, interviewing residents, and collecting data in the stockyards, the sewage plant, the local courtroom, and the low-income areas. With all this information, they go back to the classroom to design solutions to fix different urban problems. Thus, this type of work has been going on in schools for a century: the point is not that we do not know what to do. It is about who we allow to participate in these kinds of learning experiences.

Thus, when corporations and entrepreneurs advocate for “personalization” and “free-spirited” education, we should take a moment to consider their motivations. Personalization for what, and for whom? How far will those free-spirited students be allowed to go in corporate-driven “personalized” education? And what compromises, hidden curricula, underlying assumptions, power dynamics, and ethical principles lie behind these new visions?

There is no better example or explanation than the trajectory of one of the most well-known video-based learning platforms, Khan Academy. First, it got famous by proposing that its vast library of online videos would break the one-size-fits-all model of schools, bringing free, high-quality education to the masses and leading to a revolution in how the world learns. Anyone with basic training in education could recognize this as a 21st-century instantiation of Skinner’s “miraculous” teaching machines: not only a long-disproven but also a hardly novel solution for education (for an extensive historical account of the 100-year-old history of “teaching machines”, see Watters, 2021; for empirical studies of these types of environments, see Reich, 2020). Khan Academy was not all bad: it did become a valuable resource for many students, especially as supplementary material, but it never achieved the overnight disruptive revolution it (very strongly and intentionally) promised. Realizing that the video library would not do the trick, and eager to keep its centrality in the education reform conversation, Khan Academy announced in 2014 the “Khan Lab School”—a school for a few dozen students, in which pupils would be able to follow their intellectual passions with a flexible curriculum and lots of contact time with human teachers—just like in the 1910s.

This astonishing move, rather than an exception, became the rule. When faced with the harsh realities of “revolutionizing education” with a glorified video library, and realizing that their solutions were utterly unscalable, Knewton, alt.school, and others either closed down or pivoted to serving corporations or affluent customers. Unencumbered by weighty theoretical or political commitments, they were free to leave behind their educational saviorism and quickly embrace the business-as-usual corporate modus operandi. By the 2020s, the Silicon Valley–inspired promise of free, high-quality education for the masses, driven by miraculous AI-powered systems, was all but history. But it left behind a narrative that might still ring true for many: schools never change, teachers are unprepared, the system is beyond repair, and education reformers are touchy-feely hippies who do not know how to get things done. And, crucially, to change education, we need to bring in entrepreneurs who know how to “move fast” and deliver reform “at scale.”

Yet there is a competing, more subtle narrative that counters the “schools never change” story: the ecosystem of education has in fact been changing, albeit slowly, for well over 100 years. The theoretical musings of Dewey did not stay only within academic debates: they were applied in his Lab School at the University of Chicago (founded in 1896), which inspired numerous other experiences, including the consequential “Escola Nova” movement in Brazil. Democratic, Freire-inspired schools and projects have existed in the hundreds, and Papert’s and Ackermann’s constructionism has impacted public policy in tens of countries. All these initially academic ideas filtered through into K–12 schools through teacher professional development programs, partner lab schools, and many other mechanisms. But since education is a politically contested territory, it is always subject to the push and pull of larger ideological and policy conversations: reforms are implemented when the environment is favorable, rolled back when the opposition gets into power, and then implemented again (case in point: recent conservative back slash in the United States on teaching about racism, the Holocaust, or evolution). And yet there is change—not a sprint, but a marathon. As a result of decades of research, activism, design, and experimentation led by intrepid innovators in schools around the world, change has happened. These long-game innovators are not, for the most part, technology entrepreneurs, and you do not often see them delivering TED Talks. They are educators, principals, cognitive scientists, educational researchers, computer scientists, and young students, who relentlessly experimented with new ideas for education, despite stern resistance.

In this new narrative, it is not that “schools never change” but that even though multiple stakeholders have been working tirelessly, public education reform is hard and time-consuming. It requires complex consensus-building, risk-minimization, and other structural changes that take decades to become firmly established. Additionally, most progressive education scholars have always made it clear that their reforms were indissociable from a political agenda, so it is no surprise that there was enormous resistance.2 Conservative groups thus are not simply willing to let things “change”.3

This unfair competition—between simple and complex change—is no more visible than in the current discussion on the implementation of computer programming in school curricula. In 1967, while technologists were envisioning a future in which robot teachers would be taking over, the Solomon-Papert team counterproposed the revolutionary idea that children should program computers, not be programmed by them. They were not concerned with feeding the job market with more coders but giving all children powerful ways of self-expression. They refused the idea of canned computer curricula and instead advocated for children to engage in building projects of their interest, proposing radically new ways to organize schooling. In the 2010s, however, a new incarnation of computer programming in schools came to be, this time sprouting from tech companies or nonprofits led by industry tycoons. Even though they seemed to advocate for the same ideas, there was a fundamental difference: programming was a tool to get the “jobs of the future”, canned curricula were the rule, and the entire enterprise was sanitized to appear as just a “neutral” educational reform. Evidently, these latecomers got the reputation of being the people who “really did it”, leaving behind the disheveled constructionist hippies advocating for their complicated reforms. The constructionists wanted a lifetime of different learning experiences for kids—we got an hour of code.

The same happened with the idea of a dialogical education that brings students’ lives and cultures to the classroom. The Freirean version talked about changing the enterprise of designing curricula by making it more personally relevant, thus changing power relations in classrooms. Too complicated. Does not scale. Too political. Instead, in the 2010s, the idea of “personalizing” education was appropriated by a plethora of institutions that offered a sanitized, easy-to-scale version in which students are bestowed the amazing power to choose which prerecorded videos to watch, and—drumroll—even to watch them twice!

The absence of politics is significant because it turns the affair into very unfair competition. The “neutral”, sanitized version of the reforms is much easier to implement and publicize, while the nuanced, complex ones take much more time and effort. But the original, powerful, and deep versions of those ideas have often found a safe home. Over the last 100 years, each time a progressive idea failed to take root in public education, it would end up spirited away into private schools, where—given a fighting chance—it sometimes blossomed. As a result, today we have a number of private schools around the world offering 21st-century learning in a wide array of ways, while most public systems struggle to leave the now-distant 20th century. This was as true in 1939 as it is today. We imagined that the big factor of 21st-century educational inequity would be the “digital divide” (unequal access to the internet), but it ended up being about the “pedagogy divide”: unequal access to progressive pedagogies.

But there is hope. What if instead of embracing the discourse of “schools never change and we need outsiders to show us the way”, we start to adopt a new narrative? It would start with the recognition that there are three levels for systemic school change: (1) generating new ideas, (2) piloting projects or experimenting with new ideas, and (3) transforming entire public systems. We have plenty for the first two levels: educators, researchers, communities, and students have been pushing schools to do different things for decades. We should acknowledge, embrace, and elevate those efforts. The fact that transformations of public systems are so rare should not be attributed to a lack of ideas or willingness to change. They are just extremely hard to pull off and require sophisticated theorization, strong empirical evidence, and buy-in from multiple stakeholders. And that is where this book comes in.

Throughout the last decades, whenever we needed an example of a country that had successfully implemented student-centered, progressive, advanced educational innovation, we would look to Finland. It became a new paradigm in education by achieving the best results in international rankings while having a progressive system. This was revolutionary because, before Finland’s success, it was believed that to do well on international tests, you had to “teach to the test.” Finland showed the world that it was, in fact, possible to top every international ranking and yet also be profoundly innovative. It showed that it was possible to change a system without completely breaking it. Disrupting and breaking systems might work for private schools, which can afford the risk—but a public system cannot.

This requires scalable, research-based, empirically tested models that could make those new ideas a reality for all children. Finland is, again, showing that not only is it possible to have advanced models, but it is possible to keep iterating and improving them to make those models scalable.

It’s not hard to say that schools need to change—the difficult part today is to do it systemically, at scale, and with a sound theoretical basis. And this is exactly where invention pedagogy comes in. The three perspectives of invention pedagogy—learning to invent projects, facilitation of fitting the invention process, and co-development of an invention school culture—address the pillars of a sustainable and comprehensive way of bringing this kind of work into schools at scale. Invention pedagogy explicitly asserts that this requires a new type of classroom orchestration, on teachers designing, implementing, and evaluating projects, and on breaking peer-learning barriers by enabling students to learn from each other, even across age groups.

By tackling systemic issues, this book also addresses some of the thorny questions that have plagued progressive education, such as the incentive systems and promotion mechanisms in our schools. Students love doing projects in makerspaces, but that does not get them, in most countries, to the next grade or into the best universities. Publishers have no way of producing hundreds of versions of a textbook; national tests or teacher preparation programs cannot change every year. Accommodating new ideas into existing systems is a monumental task, but it is work that needs to be done. Doing it “halfway” will increase inequality: if we create systems in which we have solutions, curricula, and technologies that work only at a small scale, they will stay in private schools. We need to go “all in.” That means having the courage to deeply change national standards, transform how pupils are assessed in schools, redesign university admission processes, rethink how children might show their expertise and talents far beyond school grades, and update teacher preparation programs. And on top of all that, we should reward schools that implement those changes and create campaigns to communicate to families what it is all about.

Finland is uniquely positioned to put forward these ideas because it has shown, over decades, that it can create innovative but sustainable public policies. And these reforms came from teachers, researchers, scientists, and educators who built them over decades, not outside “miracle workers” with their gadgets and sanitized reforms. Finland engaged with the difficult politics of education, tackling challenging consensus-building, long-term, invisible reforms; creating new metrics; valuing the teaching profession; and respecting students’ brilliance.

Our educational systems should forever be a work in progress. There will never be a perfect system that we can replicate and be done with. School systems are always a moving target because they should reflect how we want to live as a society. Instead of being a force for keeping things as they are, pushing societies back to the past, they should always be a force pushing us into the future. This book, with its razor-sharp vision of where we should be, deeply rigorous theoretical work, and careful data analysis, is likely the most advanced attempt at systematizing a new vision for schools for decades to come. Instead of just repeating the same old critique of school, the same old clichés and platitudes about the need to change education, it courageously faces the unimaginable complexity of the task head-on, examining the architecture of the problem and designing realistic, yet innovative solutions.

Ultimately, the point is not that we do not know how to truly improve our educational systems. The point is how to build robust systems to enable everyone to participate in new forms of learning. Finland, and invention pedagogy, might just be the key that unlocks the gates that have been closed for a century.


Notes

	We could not reproduce these for copyright issues, but they are available online at https://books.google.com/books?id=fkkEAAAAMBAJ&pg=PA40).

	Ackermann was a student activist in Switzerland in the 1960s; Papert fought apartheid in his youth in South Africa; Freire was jailed by the Brazilian military dictatorship.

	For example, in the 1950s, in the United States, there was a concerted effort by right-wing political groups to sideline progressive education, undoing much of the progress that had happened in the three previous decades.
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Introduction

The focal questions for scholars, professionals, and policymakers in the field of education have been the same for a long time: How do we cultivate learners’ capacity to meet future challenges? What skills do children and adolescents need to become active, responsible, and happy citizens? What competencies will they require to make an impact in the future societies of the planet? How can we ensure that subsequent generations are more capable of solving the increasingly complex problems of our society than we have been, which include enormous cultural, societal, and environmental challenges, economic inequalities, and pandemic outbreaks? In invention pedagogy, we approach these questions through fostering the innovative and creative capabilities of school communities that will be needed in the rapidly digitalizing innovation society.

The United Nations’ (UN) Sustainability Goal 4 states that by 2030, all learners need to have acquired the knowledge and competencies needed to promote sustainable development (United Nations Educational, Scientific and Cultural Organization [UNESCO], 2016). Further, the UN’s sustainability goals require that schools make the necessary changes to address marginalization so that all students are able to learn. Polarization is a concern, especially in relation to invention opportunities, digital technologies, access to technology, and the ability to develop the skills needed to use technology in creative ways (e.g., Blikstein, 2013). To address these challenges, school reforms have been pursued to enhance creativity, innovation, and educational practices that facilitate 21st-century competencies, creative learning outcomes, and deeper learning that are critical in today’s digital society (Binkley et al., 2012; Dede, 2009).

In recent years, maker education has been brought to the forefront both in learning sciences research and in public discussions, as it has been recognized as a strategic component of future-oriented education (e.g., Bransford et al., 2006). Maker education and maker-centered learning practices provide ample opportunities for bridging digital divides, overcoming creative participation gaps, and connecting informal and formal learning activities (e.g., Clapp et al., 2016). Maker education encourages students to develop a growth mindset (Dweck, 2017) through hands-on project-based learning and to engage in the creative practices of inventing and making artifacts (Halverson & Sheridan, 2014; Hsu et al., 2017). Such practices are often strongly associated with science, technology, engineering, arts, and mathematics (STEAM) learning (Bevan et al., 2014). It has been argued that, through maker education, we can prepare new generations of students for our rapidly changing society as well as capitalize on the novel pedagogical opportunities for digitalization.

In this book, we will introduce invention pedagogy, which is a distinctive Finnish research-based approach to maker education. This approach focuses on teaching and learning 21st-century competencies through nonlinear, multidisciplinary, creative technology-enhanced design and making processes in formal educational settings and expands the principles of invention pedagogy to the systemic development of schools. The origins of invention pedagogy date back to the beginning of the current century when the researchers and practitioners behind this book started to collaborate with each other. Back then, Finnish education was internationally renowned, but we began to notice that there were students who were not motivated by externally driven and repetitive ways of teaching and learning. Further, many students were proficient technology users, but instead of using technology creatively for educational purposes, they used it mainly for entertainment and social activity. The ‘creative participation gap’ (Jenkins et al., 2009) or innovation inequality was increasing; some students received support from their homes and social networks to develop their creative and technological competencies, while others did not. This gap expanded even further during the COVID-19 pandemic (Korhonen et al., forthcoming). Invention pedagogy has grown due to the joint efforts of researchers and teachers to develop accessible educational practices that help mitigate such inequalities in formal education and support students in cultivating the competencies that they need today and will need in the future.

In the following sections, we first explore the underlying needs of future-oriented education, that is, the competencies and skills that students should acquire through formal education. Next, we present the key elements of invention pedagogy and related approaches, such as maker education. Finally, we discuss school-level development by highlighting the joint efforts by researchers and practitioners that are needed to invent and innovate in education.


21st-Century Transformative Competencies

Various researchers and organizations have outlined frameworks for defining and describing 21st-century skills (e.g., Binkley et al., 2012; van Laar et al., 2017), that is, the competencies needed for a successful life and a well-functioning society. These frameworks share many elements but differ to a certain extent in terms of their terminology and connotations. For example, the universal learning framework by UNESCO (2013) defines the type of learning that is necessary for all children and youths to have a good life in the 21st century. In turn, the eight key competencies for lifelong learning proposed by the European Parliament and the Council of the European Union (2006) (also see European Commission, 2019) underline the knowledge, skills, and attitudes needed for personal fulfillment, a healthy and sustainable lifestyle, employability, active citizenship, and social inclusion. The most recent framework is the Learning Compass 2030 published by the Organisation for Economic Co-operation and Development (OECD), which emphasizes transformative competencies and “the need for students to learn to navigate through unfamiliar contexts and find their direction in a meaningful and responsible way, instead of simply receiving fixed instructions or directions from their teachers” (OECD, 2019, p. 20).

In the Finnish National Core Curriculum for Basic Education (Finnish National Agency of Education [FNAE], 2016), 21st-century competencies are referred to as transversal competencies, which are defined as an entity that consists of knowledge, skills, values, attitudes, and will. In the core curriculum, transversal competencies are classified into seven competence areas: thinking and learning-to-learn; cultural competence, interaction, and expression; taking care of oneself and managing daily life; multiliteracy; digital competence; working life competence and entrepreneurship; participation, involvement, and building a sustainable future. The transversal competencies have a cross-curricular nature, and each school subject has objectives related to them along with subject-specific aims. Furthermore, multidisciplinary learning is emphasized in the curriculum. Each school is expected to ensure that all students’ studies include at least one multidisciplinary module (i.e., a project or unit) every school year. The objectives, contents, and implementation of the modules are defined and specified in local curricula and schools’ annual plans. The modules provide opportunities to teach and learn both interdisciplinary and disciplinary knowledge and skills, as well as transversal competencies.

The Learning Compass 2030 by the OECD (2019) also identifies the types of knowledge and skills that students require to contribute to and flourish in the world. Disciplinary, interdisciplinary, epistemic, and procedural knowledge include both theoretical concepts and ideas, as well as practical understanding based on experience. Skills refer to one’s capacity to perform processes and the ability to use knowledge to achieve goals and include cognitive and meta-cognitive skills, socio-emotional skills, as well as practical and physical skills. An important challenge is to learn creative thinking and develop innovative abilities (Rotherham, 2009). To become productive contributors in the 21st-century society, students need to be able to master a broad portfolio of essentials in learning, innovation, technology, and careers skills that are needed for their career and life while simultaneously learning the core content of a specific field of knowledge (Trilling & Fadel, 2009; also see Binkley et al., 2012).

The OECD has further specified skills related to innovation (Vincent-Lancrin et al., 2019), which are especially interesting for pedagogical approaches, such as invention pedagogy, that aim to nurture students’ innovative and creative capabilities. Similar to the Learning Compass, the “skills for innovation” framework includes three overlapping categories that need to be developed in parallel: (1) domain-specific skills, (2) creativity and critical thinking skills, and (3) socio-emotional skills. Domain-specific skills refer to the know-what and know-how of a certain subject or field of study, while socio-emotional skills include self-regulative, behavioral, and social skills, such as self-confidence, perseverance, passion, communication, and collaboration. Creative and critical thinking skills are necessary for inquiring, imagining, doing, and reflecting on activities where ideas and solutions are created and evaluated.


Key Elements of Invention Pedagogy

The various frameworks described in the previous section characterize the competencies, skills, and knowledge needed in the 21st century. Invention pedagogy addresses the question of how these could be cultivated in formal education through rigorous research and development work carried out in Finnish schools. The research foundations of invention pedagogy projects are based on knowledge creation (Hakkarainen et al., 2004; Paavola et al., 2004), learning by collaborative design (Seitamaa-Hakkarainen et al., 2010), creative problem-solving in science and technology education (Lavonen et al., 2004), and inclusive education (Sormunen et al., 2020). A distinctive feature of invention pedagogy is that it has been developed through the sustained, joint partnership efforts of researchers and practitioners. Cross-fertilizing academic research and extensive experience from the field have enabled us to create novel, yet accessible educational practices together with new scientific knowledge.

Invention pedagogy is anchored in formal education contexts and the aims and objectives defined in the core curriculum. It shares many similarities with other educational approaches, such as maker education, STEAM, and Design and Technology education, which emphasize creativity, innovation, interdisciplinarity, learning by doing, collaboration, and the use of technology. In addition to the STEAM subjects, invention pedagogy is combined with other subjects such as language (e.g., storytelling) or physical education (e.g., dancing with robot inventions) in a multidisciplinary way. Moreover, the school subject ‘crafts’ plays an essential role in invention pedagogy. In Finland, crafts has been a part of formal education since 1866 and remain a mandatory subject for all students in grades 1–7 (see Porko-Hudd et al., 2018). Crafts is a multi-material subject that includes the materials and methods of both textile and technical work, such as sewing, knitting, wood-, and metalwork, and digital fabrication (Pöllänen, 2020). This subject provides the means for creative ideation and experimentation with activities based on craft expression, design, and technology (FNAE, 2016). In addition, the concept of holistic craft is emphasized, i.e., a student or group is responsible for the entire craft process, from ideation and design to making and evaluation (Pöllänen, 2009). Embedded with the versatile use of creative technologies, multidisciplinary invention pedagogy projects provide students with the possibilities to acquire transformative 21st-century competencies in an inspiring and future-oriented way.

Through the invention process, students learn how to deal with challenging scientific, technological, and design problems and collaboratively develop creative solutions (inventions) using various digital and traditional technologies. Every student is an inventor – a maker – who is encouraged to share their knowledge when constructing a shared artifact (Riikonen et al., 2020). Organizing an invention pedagogy project requires close cooperation between different subjects and teachers. Two or more teachers with different perspectives and varying expertise come together to plan and implement the project. During a project, the presence of several teachers enables the implementation of flexible and creative teaching arrangements and solutions. The curriculum also requires teachers to include students in planning multidisciplinary entities and the choice of the theme, taking into account the students’ interests and experiences that motivate and engage them to study. However, it is the teachers who are responsible for maintaining students’ motivation and engagement, meeting the objectives of the curriculum, and fitting the whole project into restricted time, space, and material resources. Invention projects may vary significantly in their contents and implementation, but they all share certain key elements. These include (1) students’ and teachers’ inclusive innovator mindset, (2) multifaceted real-world phenomenon as a starting point for a project, (3) co-creation of knowledge and artifacts, and (4) technology-enriched tools and materials.


Inclusive Innovator Mindset

Invention projects require and develop a certain type of mindset for the students and teachers. The inclusive innovator mindset is closely related to the maker mindset (Dougherty, 2013), that is, it involves a can-do attitude that includes elements such as resilience, creativity, willingness to tinker, and collaboration orientation (also see Cohen et al., 2018), which enables students to see themselves as the makers and shapers of the future. Further, a sense of curiosity (Regalla, 2016), playfulness (Honey & Kanter, 2013), and grit (Clapp et al., 2016) are also included in this kind of mindset. In addition, the inclusive innovator mindset is closely related to the growth mindset, which refers to an outlook that involves tolerating risk and failure and believing that all capabilities can be developed, improved, and expanded (Dweck, 2017). Invention pedagogy is also an inclusive pedagogy, as it relies on the assumption that the potential and abilities of every student are acknowledged and accepted (Spratt & Florian, 2015). This type of inclusive innovator mindset is committed to co-developing creative new ways of working with others and modeling and testing new ways to develop learning and teaching in practice (Sormunen et al., 2020). In invention pedagogy, students, teachers, and other actors in the school community continuously improve their thinking and understanding of themselves as the makers of their own and others’ future.


Multifaceted Real-World Phenomena

The starting point of any invention project is a real-world phenomenon, which is studied from various points of view, crossing the boundaries between school subjects. Students are encouraged to pose their own questions and challenges, which they approach by co-creating inventions that address these challenges (Silander et al., 2022). Such learning increases students’ motivation, their readiness to solve complex problems, their ability to combine school and everyday knowledge, and the competencies associated with applying, evaluating, and creating new knowledge (Markauskaite & Goodyear, 2017). In invention projects, the work is carried out cyclically by experimenting, receiving feedback, reflecting on the progress of the process, and changing the operation based on the same. The teachers link the phenomenon under study flexibly to the aims and objectives of the curriculum, loosely, as the learning goals, practices, information required, and outputs only become apparent during the process.

Thinking of the interests and abilities of all students is imperative when designing the invention process and framing the underlying phenomenon. Previous studies indicate that active construction, maker activities, collaborative learning tasks, and an opportunity to influence the selection of the learning task engage students to learn, for example, science in more depth (Martinez & Stager, 2019; Sormunen et al., 2020). Invention pedagogy enables the teacher to add more variety to the activities related to students’ abilities, strengths, and interests, which helps engage students to learn (see Krajick & Merritt, 2012; Sormunen et al., 2020). Such co-creation also enhances a student’s sense of being a full-fledged member of the learning community (see Laurell et al., 2021).


Co-creation of Knowledge and Artifacts

Invention pedagogy leans on sociocultural theories of learning, that is, learners are regarded as active creators of knowledge, and knowledge is seen to be formed in settings mediated by social interactions and materials and tool use. Students work together to create a shared understanding of the challenge to be solved, to determine the constraints outlining the possible solutions, and to co-construct ideas and solutions for an invention. As each team has its own approach to the objectives of an invention project, the students also need to share knowledge and experience between teams to create a comprehensive perception of the underlying phenomenon. Co-creation skills are developed when students discuss and evaluate their own responsibilities and tasks. They learn to evaluate and justify their own and each other’s ideas and reflect on the possible bias in their own perspective compared to other perspectives (see Vincent-Lancrin et al., 2019). Invention pedagogy also involves the concept of cross-age peer tutoring, which means that older students with technological expertise systematically support their younger peers in invention projects (Tenhovirta et al., 2021).

An essential aspect in invention pedagogy is working with shared intangible and tangible artifacts through visual representations, conceptual models, tools, and materials. Collaboration in invention projects is intrinsically material; the students interact not only with each other verbally but also have conversations with and through materials as they contribute to shared goals with direct material manipulations (Mehto et al., 2020a). The sociomaterial theories enable the consideration of materials and tangible objects as active agents that constrain and enable the invention process. The meaning of materials emerges in action through relationships (Orlikowski, 2007); it is the entanglements of social and material that determine the nature of collaboration and knowledge creation in invention projects (Mehto et al., 2020a; Mehto et al., 2020b).


Technology-Enriched Tools and Materials

Invention projects require high-tech tools such as programmable microcontrollers and 3D printers, and low-tech tools and materials, such as arts and crafts tools and traditional craft machinery. Technologies are regarded as both the objects and the tools of learning. Students’ ideas determine which technologies are to be used in an invention project, although teachers can also constrain the objectives of the project by providing certain technologies to the students. One of the primary aims in invention pedagogy is to provide students with support and models of how technologies can be used for creative and academic purposes. Although many children and adolescents use technologies fluently for social and recreational purposes, there are serious concerns related to a widening “digital divide” or “creative participation gap” (Jenkins et al., 2009), that is, unequal access to learning opportunities owing to, for example, different socioeconomic backgrounds. Further, although technologies are fundamentally transforming everyday life and interactions, their applications in schools are largely limited to consolidating existing educational practices instead of creating new ones (Hakkarainen et al., 2015). Invention projects provide students, and teachers, with the ability to use technologies in a sophisticated and creative manner, thus facilitating their understanding of and participation in the ever-changing technological world.


Joint Development of Teachers and Researchers

Invention pedagogy has grown from a joint and intertwined effort by teachers and researchers that brings forth the persistent and long-term work of the authors, which aims to develop 21st-century competences and innovation. The teachers in our partner schools have developed invention pedagogy and innovation education teaching practices in their own schools and networks. At the very heart of these practices is the 20-year-old Innokas Network (www.innokas.fi/en). The nationwide network works in close collaboration with teachers, researchers, and international partners. The researchers in our author team have studied design, technology, craft, and science education within basic education through various research projects since the turn of the century. They are especially interested in multidisciplinary and collaborative innovation and knowledge building through hands-on activities. Through research-practice partnerships (RPPs) (Coburn & Penuel, 2016), we have created accessible educational practices and enabled the ongoing co-development of invention pedagogy.

At the heart of RPP is the assumption that the “socially sustainable knowledge” required for school development (Nowotny, 2003) can only be created through interactions with researchers and practitioners such as principals, teachers, and students. Finnish primary and secondary teachers are educated at the university level through a five-year master’s program and are responsible for participating in the local curriculum design, designing learning environments and courses, and assessing both their own teaching and their students’ learning outcomes (Lavonen, 2020). This research-oriented professional background represents a good foundation for RPP. The starting point for an RPP is the practical problems experienced in the field (Coburn & Penuel, 2016) instead of the researchers’ own academic and scientific interests. The purpose of RRPs is to combine relevant research information with the relevant practical knowledge of the professionals working in the field. This requires mutual learning between researchers and practitioners; both must work in the zone of proximal development to learn new ways of working and build a shared understanding (Juuti et al., 2016) to develop schools. Ideally, an RPP involves the joint development of solutions for the practice-based problems of pedagogical innovations. Ultimately, this is tied up in the holistic development of the whole school. A successful RPP generates both new educational practices and new academic knowledge.

The RPP and co-creation between teachers and researchers that has been going on for over 15 years, and our joint drive to develop schools and to teach holistically, have made possible the creation of this book, which encompasses both the grassroots level of teaching and research-based knowledge. RPPs and persistent network-based development work have been the prerequisites for any new practice for change. This change extends beyond individual pilot projects to established and continuously developed practices and ways of working at schools. RPPs, network-based development, and dissemination work have enabled the pedagogical innovations presented in this book to make their way into hundreds of Finnish schools, forming functional everyday practices.

This book introduces the ongoing journey in the development work of invention pedagogy as well as the results obtained thus far. Part I lays the foundation for invention pedagogy by describing the emergent and nonlinear nature of knowledge-creating learning in invention projects. The chapters in this part present various perspectives regarding learning through invention pedagogy related to epistemic objects and knowledge creation, collaboration and co-regulation, creativity, materiality, sustainability, and technological competences. Part II examines the facilitation of invention projects, depicting the designing, structuring and orchestration of innovation projects. In addition, it highlights the importance of team teaching and students’ peer tutoring in the designing and implementation of invention projects. The part ends with a discussion of the evaluation of innovation projects. Part III discusses the co-development of the inventive school culture by analyzing the learning environments of invention pedagogy as well as teachers’ transformative digital agency. The last chapter considers a school as an innovative community and expands invention pedagogy to the systemic development of schools.

The invention projects discussed in this book have been inspiring experiences for students, teachers, and researchers alike. They have challenged us to think and act in new ways and have encouraged us to take a leap into the unknown without knowing the product of the project or how we will reach the finish line. Invention projects have allowed the achievement of competencies that have rarely been attained through traditional teaching. Through this book, we want to share these experiences and research results with those academics and educators who are interested in developing future-oriented education. At the same time, we want to encourage every educator to consider their own role and practices. Can you become an innovation educator? Can you guide invention projects? Can you create innovations that support schoolwork with students and colleagues? As is generally the case with creating new things, the path to completing this book has been multifaceted and winding. It has also been an extremely rewarding process of learning together, which is still ongoing. We hope to have many new innovators and inventors join us on this journey!
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