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Maker education has emerged as an innovative pedagogical approach that promotes active learning through creation, collaboration, and technological experimentation. This study analyzed the conceptual evolution, beneficiary groups, access barriers, and STEM skills developed within makerspaces, with special attention to gender equity and educational sustainability. A systematic literature review was conducted in Scopus and Web of Science following the PRISMA protocol, including 202 documents published between 1983 and 2025, processed using R software and Zotero to identify trends, authors, themes, and theoretical gaps. The findings show a sustained increase in scientific production since 2015, a transformation of makerspaces into hybrid physical-virtual ecosystems, and an expansion of beneficiaries to more diverse communities. Although structural and cultural barriers continue to limit female participation, inclusive models mediated by artificial intelligence and design thinking are emerging. It can be stated that Maker education is evolving toward an interdisciplinary, ethical, and equitable paradigm, providing evidence of its potential to democratize innovation and strengthen STEM competencies with a social focus, while also identifying theoretical gaps related to the lack of integrative evaluative models and longitudinal studies that measure its sustainable impact.
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Introduction

Maker education arises from the movement of the same name and is based on hands-on learning, in which students actively participate in the creation of tangible projects (Kwon, 2023). It focuses on the development of an innovative mindset (Scharon et al., 2024), as it fosters idea generation and the search for creative solutions to real-world problems (Mehto and Kangas, 2023). This promotes creativity and self-directed learning, cultivating an environment in which students act as creators of knowledge rather than mere consumers (Geser et al., 2019; Jeng et al., 2020).

The importance of Maker education lies in its ability to prepare students to face the challenges of an ever-changing society, since involving them in design and creation processes helps to foster an innovative mindset (Santos et al., 2024), which is highly demanded in globalized labor markets (Yang, 2022; Gratani and Capolla, 2023). Among its key features is its focus on learning by doing, a principle that motivates students to take an active role in their learning process (Liu, 2023). Unlike traditional methods, Maker education values experimentation and error as essential parts of learning (Yang, 2020), enabling students to develop resilience and adaptability (Lyon et al., 2023).

Another important feature is its emphasis on collaborative work and the development of social skills, as Maker projects are typically team-based activities that require cooperation, communication, and leadership (Pan and Chou, 2024). This collaborative environment facilitates the integration of digital and technological competencies, which are essential in the contemporary world (Peppler et al., 2022). Through the use of tools such as computer-aided design and basic programming, students acquire technical skills that are useful both in the workplace and in the creation of their own projects (Saavedra Munar et al., 2025).

Among its main components are makerspaces (Irie et al., 2019), which provide a setting where students can experiment and collaborate on multidisciplinary projects (Kalogeropoulos et al., 2020). In these spaces, learning through practice is encouraged, and the integration of knowledge from different fields such as science, technology, engineering, art, and mathematics is made possible (Schaber et al., 2021; Lobato et al., 2023). Makerspaces not only provide access to physical and digital tools but also foster a culture of innovation and collaboration—fundamental skills in the entrepreneurial realm (An et al., 2020).

Although various studies have explored Maker education, its characteristics, and its components, as well as makerspaces as creative environments, it is necessary to examine how they have conceptually evolved—both their key elements and the competencies they promote—along with the institutional conditions that enable their sustainable implementation in diverse educational contexts. Therefore, this research is guided by the following question: How has international scientific production on Maker education and makerspaces evolved regarding their conceptualization, beneficiary groups—especially women—access barriers, and the development of STEM skills?



Method

Systematic literature reviews have been widely used to identify, analyze, and rigorously synthesize the available evidence on a given phenomenon, with the aim of detecting trends, knowledge gaps, and research opportunities (Balakrisnan et al., 2023). One of the most useful methods for conducting such reviews is the PRISMA protocol (Petersen et al., 2008; Page et al., 2021). Several studies agree that the most important stages in conducting this type of research are as follows: (1) definition of research questions, (2) identification of scientific production, (3) screening and selection of studies, (4) creation and refinement of a bibliographic database, and (5) analysis of information (George-Reyes, 2022; Junior et al., 2025). Based on these stages, the research questions presented in Table 1 were developed.

TABLE 1 Research questions.




	Topics
	Research questions





	Scientific production related to Maker education
	Q1 What has been the scientific output per year? Q2 What are the works with the greatest impact on international scientific production? Q3 What trends can be found in the most recent contributions?



	Makerspaces and Maker Education Beneficiaries
	Q4 How has the concept of makerspaces evolved? Q5 What have been the main beneficiary groups of the makerspaces?



	Skill development
	Q6 What are the main STEM skills that are developed in makerspaces?








Identification and screening of scientific production

Scientific documents were located and selected from two databases: Web of Science and Scopus. The search terms used were: Maker AND Women, Maker AND (STEM OR STEAM), Women AND (STEM OR STEAM), Maker AND pedagogy, Maker AND Education Invention AND pedagogy, and Skills AND (STEM OR STEAM). The results were refined based on the following criteria:

The studies had to be related to Maker education within the educational field.

They had to explicitly or implicitly refer to STEM as a skill developed through Maker education.

The works had to be articles, book chapters, or complete books in their final published versions.

After the selection process, a systematic mapping was conducted to determine which studies met the established criteria and their relevance for addressing the research questions. Figure 1 illustrates the process carried out. At the eligibility stage, several records were excluded because the term maker was used in a different sense from Maker education: 55 papers focused on policy makers, 28 on decision makers, and 13 on curriculum makers, all of which addressed issues of governance or management rather than the Maker movement or educational makerspaces. In addition, duplicate documents appearing in both Scopus and Web of Science were removed. This refinement resulted in a final corpus of 202 documents strictly aligned with the objectives of the systematic literature review.


[image: Flowchart depicting the systematic literature review (SLR) process following PRISMA 2020 guidelines. It begins with setting objectives and selecting databases, Scopus and WoS. It outlines the analysis method, the elaboration of SLR, and subsequent steps of identification, cleaning, and eligibility, culminating in the inclusion of 202 documents. Specific numbers are provided at each step, showing the reduction of documents through criteria applications.]
FIGURE 1
 Identification, selection, and screening of the scientific production.




Database adjustment and creation

Once the screening of the documents was completed, it was concluded that the study should include 202 records (https://n9.cl/8v2nrb). A database was created in plain text (CSV) format with the following fields: author, title of the work, year, source details such as journal name, volume, year, article number, pages, DOI, abstract, keywords, references, publisher, country, language, type of document, and type of access.



Information analysis

The analysis of the information was carried out using R software, together with its specialized bibliographic libraries, mainly bibliometrix, dplyr, ggplot2, and tidyverse, which made it possible to process and systematically visualize the data obtained from the database. These tools facilitated the generation of descriptive indicators, the detection of publication trends, the identification of authors and works with greater impact, as well as the thematic and evolutionary analysis of keywords over time. Complementarily, the Zotero reference manager was used as a support tool for the organization, classification, and validation of the sources. This software made it possible to remove duplicates, standardize metadata (authors, years, titles, DOI, type of document, and keywords), and ensure consistency in the format of the references according to APA standards.



Results

Q1. Scientific production by year.

Scientific production in Maker education shows a significant upward trend since 2015. In Figure 2 it can be seen that its highest point is in 2022 with 31 publications, which reflects a sustained increase in academic interest in this field. Between 2017 and 2025 the majority of research activity is concentrated, consolidating this period as the stage of greatest maturity and thematic expansion. In the early years (2012–2015) production was incipient, with fewer than five works per year, which shows an exploratory phase of the movement. From 2016 onward, a diversification in the types of publications can be observed, highlighting the growth of journal articles and conference papers as the main channels of scientific dissemination. The peak in 2022 coincides with the proliferation of studies on educational innovation and gender equity in STEM. This temporal pattern reveals that research in Maker education has been consolidated as a stable line of interdisciplinary scientific production.


[image: Bar chart showing the number of articles, book chapters, and conference papers from 2013 to 2025. Articles peaked in 2022 with 18, book chapters peaked in 2024 with 5, and conference papers in 2022 with 13.]
FIGURE 2
 Most recent scientific production.


In Figure 3, the conceptual and methodological transformation of research in Maker education from 1983 to 2025 can be observed through the keywords of the scientific production, revealing a process of progressive expansion and diversification of thematic axes. In the first period (1983–2011), production focused on general methodological approaches without an explicit reference to the Maker movement, which reveals a pre-emergent stage. Between 2012 and 2015, the emergence of terms such as making, educational policy, and constructionism is observed, marking the beginning of the link between the practice of “making” and educational models. The most pronounced growth occurs in the period 2016–2019, when the frequency of keywords reaches its highest point with the incorporation of concepts such as STEM education, digital fabrication, technology, students, and maker movement. This rise reflects the consolidation of the Maker approach as an interdisciplinary field of study, associated with the teaching of science, engineering, and technology, as well as with educational innovation.


[image: Stacked area chart showing trends in educational topics from 1983 to 2025. Topics like methodology, engineering education, and STEM education grow from 1983 to 2022, peaking between 2020 and 2022, then slightly declining by 2025.]
FIGURE 3
 Thematic evolution of keywords by periods.


In the 2020–2022 phase, production maintains high activity but with a thematic reorientation toward learning environments, online education, and collaborative spaces (makerspaces), evidencing the influence of the pandemic context and the adaptation of Maker education to the digital sphere. Finally, in the 2023–2025 period, research lines emerge focusing on artificial intelligence, design thinking, creativity, and teacher training, suggesting a transition from a technical approach to a cognitive, inclusive model centered on twenty-first-century competencies. In this way, the analysis demonstrates a theoretical and methodological maturation of the field, which has evolved from epistemological foundations toward emerging complex pedagogical applications.

Subsequently, an analysis of the abstracts was carried out, classifying them by periods (see Figure 4). In the first period (1972–2018), the predominant topics are grouped into basic knowledge quadrants, highlighting concepts such as STEM, technology, innovation, curriculum, and engineering education. This stage evidences the consolidation of the conceptual and methodological foundations of the Maker education, oriented toward the integration of technological innovation in teaching and the strengthening of scientific competencies. During the period 2019–2021, a transition toward new topics such as curriculum design, makerspaces, and skills development is observed, reflecting the expansion of the Maker movement into formal learning contexts. This growth coincides with the proliferation of empirical research focused on the practical implementation of Maker environments in schools, teacher training, and the incorporation of emerging digital technologies. At the same time, new topics such as innovation processes and learning-based development emerge, revealing a shift in the epistemological orientation of the field, moving from material creation to the construction of collaborative and digital knowledge.


[image: Four scatter plots display keyword trends from 1972 to 2026 across four periods: 1972–2018, 2019–2021, 2022–2023, and 2024–2026. Each plot highlights clusters of words like “technology,” “learning,” “students,” in different colors, depicting changes in frequency and importance over time. The x-axis represents frequency, while the y-axis indicates the importance of these terms.]
FIGURE 4
 Thematic map by periods (abstracts).


The period 2022–2026 marks conceptual maturity and thematic diversification, where topics such as artificial intelligence, creativity, design thinking, project-based learning, and teacher development are identified. This suggests a deeper integration between Maker education and artificial intelligence, as well as an emphasis on creativity, practical experience, and pedagogical reflection. Topics such as policy and learners' engagement show a shift toward more applied perspectives, while themes such as knowledge-based processes and future learning point to the development of innovative and sustainable approaches. The foregoing reveals a process of transition from technical experimentation to pedagogical consolidation, in which Maker education is redefined as an interdisciplinary field that articulates innovation, active learning, and teacher development.

Q2. Most influential works in international scientific production.

The most highly cited works were analyzed to identify the foundations of Maker education (see Table 2). In this regard, it was found that integrating the principles of Maker education places the student at the center of the knowledge construction process through design and the resolution of real-world problems Iwata et al., (2020), which breaks with traditional disciplinary fragmentation and promotes a holistic understanding of phenomena Jia et al., (2021). Likewise, according to Martin (2015), the Maker education brings the do it yourself philosophy into the educational sphere, fostering learning experiences based on design, digital fabrication, and collaborative problem-solving, which encourages the development of a Maker mindset characterized by curiosity, autonomy, and a willingness to experiment and learn from error.

TABLE 2 Scientific production with the greatest international impact.




	Rank
	Article title
	Authors
	Citations





	1
	The promise of the maker movement for education
	Martin (2015)
	617



	2
	The makers' movement and fablabs in education: Experiences, technologies, and research
	Blikstein and Krannich (2013)
	150



	3
	Learning through Making and Maker Education
	Hsu et al. (2017)
	149



	4
	Making sense of making: critical issues in the integration of maker education into schools
	Godhe et al. (2019)
	101



	5
	Promoting student creativity and entrepreneurship through real-world problem-based maker education
	Weng et al. (2022)
	78



	6
	When makers meet the metaverse: Effects of creating NFT metaverse exhibition in maker education
	Hwang (2023)
	73



	7
	Makification: Toward a framework for leveraging the maker movement in formal education
	Cohen et al. (2017)
	62



	8
	Skill Development and Knowledge Acquisition Cultivated by Maker Education: Evidence from Arduino-based Educational Robotics
	Chou (2018)
	56



	9
	A Curriculum Integrating STEAM and Maker Education Promotes Pupils' Learning Motivation, Self-Efficacy, and Interdisciplinary Knowledge Acquisition
	Jia et al. (2021)
	46



	10
	Exploring Potentials and Challenges to Develop Twenty-First Century Skills and Computational Thinking in K-12 Maker Education
	Iwata et al. (2020)
	38



	11
	Papert's prison fab lab: Implications for the maker movement and education design
	Stager (2013)
	37



	12
	Exploration and Practice of “Internet + Maker Education” University Innovative Entrepreneurship Education Model From the Perspective of Positive Psychology
	Sun (2020)
	34



	13
	Identifying the potential roles of virtual reality and STEM in Maker education
	(Shu and Huang 2021)
	26



	14
	Development of novel-engineering-based maker education instructional model
	(Kim et al. 2022)
	24



	15
	Makerspaces in Diverse Places: A Comparative Analysis of Distinctive National Discourses Surrounding the Maker Movement and Education in Four Countries
	Irie et al. (2019)
	23






Furthermore, makerspaces represent the operational core of Maker education. They are defined as collaborative learning spaces equipped with analog and digital tools (such as 3D printers, laser cutters, robotics kits, or recycled materials) that enable interdisciplinary experimentation and educational innovation. Irie et al. (2019) explain that makerspaces embody the values of the Maker education, creativity, cooperation, design, and resilience and that their implementation in schools and universities fosters autonomy, innovation, and critical thinking. In this sense, it has been stated that programs based on educational robotics, Arduino programming, and digital fabrication significantly improve students' problem-solving skills and technical knowledge (Chou, 2018).

The findings of Godhe et al. (2019) indicate that integrating Maker technologies and practices in school contexts requires a profound pedagogical reconfiguration, where teachers take on the role of mediators and facilitators of creative experiences (Stager, 2013). The authors argue that makerspaces should be conceived as communities of practice that promote peer collaboration, critical reflection, and co-evaluation of the process rather than the final product. As for their fundamental components, these include the maker mindset, project-based learning, iterative design, and collaboration. In this regard, Hsu et al. (2017) highlight that the maker mindset involves curiosity, resilience, autonomy, and openness to error values consolidated through continuous learning by doing. From a constructivist and constructionist perspective, students are encouraged to build knowledge through the manipulation of materials and technologies, fostering conceptual appropriation through tangible experience and collective work (Cohen et al., 2017).

Research by Kim et al. (2022) and Shu and Huang (2021) shows that integrating models based on design thinking and virtual reality within makerspaces can broaden their impact, especially in rural contexts or those with technological limitations. These models help democratize access to digital learning, reduce infrastructure gaps, and strengthen equitable education, turning makerspaces into sustainable and inclusive ecosystems that connect education with social and technological innovation. Weng et al. (2022) expand this perspective by demonstrating that Maker education based on real-world problems enhances creativity and student entrepreneurship. By linking the design of technological solutions with the application of the 5E learning model (Engage, Explore, Explain, Elaborate, Evaluate), the generation of innovative ideas, responsible decision-making, and cooperative work are stimulated.

Q3. Trends identified in recent scientific production.

To analyze how Maker education has evolved, the scientific production corresponding to the year 2025 was reviewed. Table 3 presents a summary of the most significant contributions. The full-text analysis revealed a transformation compared to its initial formulations in the 2010s, consolidating it as a complex, interdisciplinary, and inclusive educational approach (Mavri et al., 2025). In its beginnings, Maker education focused on manual creation and digital fabrication as means to foster creativity and critical thinking; however, the latest generation of studies shows a paradigmatic shift toward the development of more structured teaching strategies with solid theoretical foundations and orientations toward equity, sustainability, and educational artificial intelligence (Reynaga-Peña et al., 2025).

TABLE 3 Scientific production corresponding to the year 2025.




	Rank
	Article title
	Authors





	1
	Teachers as reflective learning experience designers: Bringing design thinking into school-based design and maker education
	Bosch et al. (2025)



	2
	Research on K-12 maker education in the early 2020s – a systematic literature review
	Davies and Seitamaa-Hakkarainen (2025)



	3
	Promoting junior high school students' creativity in maker education: The design thinking approach
	Chen et al. (2025)



	4
	Adopting Maker Education: A Comparative Analysis of Intentions Between In-Service and Pre-Service STEM Teachers
	Cheng et al. (2025)



	5
	Designing Assessmake21 for Self-Reflection in Maker Education: Insights from a Design Case
	Mavri et al. (2025)



	6
	Shaping maker education through design thinking: A lesson study perspective
	Li et al. (2025)



	7
	Implementation fidelity of an evidence-centered maker education intervention in a virtual world for neurodiverse adolescents
	Barrett et al. (2025)



	8
	The impact of artificial intelligence on maker education: Motivation and technology acceptance in teacher training
	Quintana-Ordorika et al. (2025)



	9
	Technological Competence in Formal Education Collaborative Maker Projects: An Epistemic Network Analysis
	Niinimäki et al. (2025)



	10
	Empowering language learners: The intersection of Maker Education and CLIL
	Lege et al. (2025)



	11
	Toward a collaborative innovation paradigm: Maker culture, art thinking, and interdisciplinary education
	Purg et al. (2025)



	12
	Engineering education for inclusion: Developing transversal and disciplinary competencies with maker projects
	Reynaga-Peña et al. (2025)



	13
	STEAM-Integrated Interfaith Learning Through Maker Education: A Framework for Innovative Religious Learning
	Hosic et al. (2025)



	14
	‘Your past prepares you for who you will become': Reoccurring themes in the individual pasts of maker education teachers
	Kafri (2025)



	15
	The maker movement in world language education
	Lord (2025)






In this context, Davies and Seitamaa-Hakkarainen (2025) emphasize that while earlier works focused on student motivation and engagement, current research examines implementation fidelity, cognitive impacts, and the integration of emerging technologies in learning processes. Thus, Maker education has evolved from being an experimental and extracurricular practice to becoming a formal methodology within education, particularly in early education (K−12). Likewise, recent evolution reflects an openness to new sociocultural and inclusive contexts, expanding its reach beyond traditional STEM disciplines. In this regard, Hosic et al. (2025) demonstrate that Maker education now incorporates frameworks such as intercultural learning, which use design and creation as means to foster empathy, cooperation, and ethical thinking. In this new stage, makerspaces are no longer limited to technological laboratories but are conceived as hybrid physical and virtual ecosystems capable of integrating science, art, and the humanities. Barrett et al. (2025) complement this view by showing that even neurodiverse populations actively participate in Maker environments mediated by virtual worlds, expanding the notion of accessibility and democratization of knowledge.

Therefore, Maker education today is characterized by profound evolution compared to its early stages. In this sense, Quintana-Ordorika et al. (2025) point out that the incorporation of generative AI into Maker projects increases motivation, technological acceptance, and creativity among future teachers, consolidating a pedagogical model in which technology is not only a tool but also a cognitive and ethical mediator in the educational design process (Chen et al., 2025). This evolution represents a substantial shift from the previous decade, which focused on material manipulation and physical experimentation (Cheng et al., 2025). Furthermore, Purg et al. (2025) highlight that Maker culture has evolved into a paradigm of collaborative innovation that combines technological creativity with artistic thinking and interdisciplinary education. Kafri (2025) shows that today's Maker teachers emerge from personal trajectories marked by experimentation, reflection, and the pursuit of pedagogical autonomy (Li et al., 2025), establishing themselves as agents of change within formal education, and their teaching practices are more humanized and flexible (Bosch et al., 2025).

Compared with its original components, Maker education has shifted from a model primarily centered on manual creation and digital fabrication—grounded in Papert's and Dewey's constructivist and learning by doing principles—to an interdisciplinary, inclusive, and technologically expanded approach (Niinimäki et al., 2025). In its initial conception, the three fundamental axes were the maker (the creator), the making (the process of creation), and the makerspace (the physical environment for experimentation), focused on developing technical skills and individual creativity. In contrast, the current components incorporate new dimensions: artificial intelligence and computational thinking as cognitive mediators; artistic and ethical thinking as the guiding principles of creative processes; and hybrid, collaborative environments as spaces for social and reflective learning.

Q4. How has the concept of makerspaces evolved?

Initially, makerspaces were conceptualized as physical environments for fabrication and experimentation that brought the do it yourself/do it with others (DIY/DIWO) philosophy into the educational sphere, enabling learning by doing through digital fabrication technologies such as 3D printing, laser cutting, and robotics (Zawieska and Sprońska, 2017) under constructivist frameworks (Tay and Eng, 2024). In this view, the makerspace functions as a community of practice that enables iterative design, student agency, and the solving of real-world problems (Blikstein and Krannich, 2013; Hsu et al., 2017; Martin, 2015). Moreover, its role is emphasized as an interdisciplinary hub for the development of STEM/STEAM competencies through projects and curricula that integrate science, technology, engineering, art, and mathematics (Li, 2016; Iwata et al., 2020; Jia et al., 2021).

The figure shows that the concept of maker is embedded within a network of notions that expand the original meaning of the movement and help explain the evolution of makerspaces from a more comprehensive perspective. At the center, maker and makerspaces connect with nodes such as constructionism, learning, design thinking, STEM/STEAM, collaboration, and innovation, illustrating that these spaces involve not only the manipulation of tools but also a convergence of cognitive, pedagogical, and creative frameworks. The link to constructionism reinforces the idea that learning occurs through the creation of meaningful artifacts, while the connection with design thinking reflects the incorporation of iterative, reflective, and problem-oriented processes. Likewise, the association with STEM, skills, and education indicates that makerspaces function as hubs that integrate disciplines and strengthen scientific and technological competencies in authentic contexts.

The links connecting them to collaboration, innovation, and creativity reveal that these environments operate as communities of practice where knowledge is socially constructed and experimentation becomes a driver of agency, autonomy, and critical thinking. Taken together, the figure demonstrates that the evolution of the makerspace concept involves its transition from a physical fabrication site to a complex educational ecosystem where cognitive, socio-emotional, technological, and cultural processes intersect to redefine the experience of learning by making.

That is, the makerspace is described as an equipped and collaborative school laboratory oriented toward tangible products and the consolidation of a Maker mindset (curiosity, resilience, openness to error) (Tian et al., 2020). In contrast, emerging studies reconfigure makerspaces as hybrid (physical–virtual) and socio-technical ecosystems, where digital infrastructures, virtual worlds, and learning analytics are as relevant as the pedagogical frameworks of design thinking, self-reflection, and formative assessment (Cerrón-Salcedo et al., 2024). Metrics for implementation fidelity, self-assessment instruments (Assessmake21), and epistemic network analyses are introduced to map collaboration, shifting the focus from “what is made” to “how learning, collaboration, and evidence-building occur” (Feng et al., 2024; Niinimäki et al., 2025).

Thus, in a contemporary scenario, the makerspace is conceived as a reflective learning infrastructure where the teacher acts as a designer of experiences and the continuous improvement cycle guides practice (Gahoonia, 2024). Another key difference is the expansion of domains and populations served. While in previous decades they focused on STEM and tangible products (Tabarés and Boni, 2023), current studies situate makerspaces at the intersection with generative AI (Ou and Chen, 2024) as well as inclusion, broadening their purposes toward advanced learning (Lo, 2024). In this way, the impacts of AI as a cognitive mediator are explored in relation to motivation and technological acceptance among future teachers (Davies and Seitamaa-Hakkarainen, 2025; Mavri et al., 2025); virtual interventions are described; and projects are articulated that integrate language and creation to strengthen communication and interdisciplinary thinking (Lord, 2025). This indicates that the makerspace has evolved from a fabrication workshop into an inclusive educational innovation platform with purposes created and shared with the community (Xu et al., 2024).

Q5. Who have been the main beneficiary groups of makerspaces?

The beneficiary groups of makerspaces have evolved over time, expanding from initial approaches focused on engineering and technology students to more diverse and inclusive communities (Gu and Yang, 2023). Initially, the beneficiaries were identified as students in basic and higher education within STEM areas, with an emphasis on developing critical thinking, creativity, and technical skills (Blikstein and Krannich, 2013). In this sense, Hsu et al. (2017) and Martin (2015) identify young people and university students as the main actors in these environments, highlighting their role in knowledge construction and technological literacy. In studies from the 2020s onward, the beneficiary population expands to include groups at risk of exclusion and diverse communities, showing a social shift in Maker education (Kim et al., 2022).

The works published in 2025 consolidate this inclusive trend. Barrett et al. (2025) highlight the benefits for neurodiverse adolescents through immersive virtual environments that promote self-expression and participation. Lord (2025) expands the beneficiaries to include foreign language learners, integrating Maker education with Content and Language Integrated Learning (CLIL) methodologies to foster communicative competence and interdisciplinary thinking. Similarly, Mavri et al. (2025) identify its impact on engineering students and populations with disabilities by linking Maker projects with inclusive education and the development of transversal competencies. Other studies, such as those by Hosic et al. (2025), show how makerspaces benefit interreligious and multicultural communities through empathetic and creative STEAM learning.

Studies such as Premyanov et al. (2022) propose circular makerspaces as platforms for the development of urban entrepreneurs in smart and sustainable cities. Therefore, it can be stated that the beneficiaries of makerspaces have shifted from academic groups linked to STEM disciplines to include diverse populations (Lege et al., 2025). This expansion reflects a maturation of the Maker education, moving away from mere technological literacy to become an inclusive and transformative educational strategy oriented toward human development, equity, and global citizenship (Russo et al., 2022; Weng et al., 2022; Barrett et al., 2025).

Q6. What are the main STEM skills developed in makerspaces?

The main STEM skills focus on the integration of scientific, technological, engineering, and mathematical competencies with transversal skills such as creativity, problem-solving, and interdisciplinary collaboration (Rosenheck et al., 2021). In several studies, it is observed that makerspaces promote learning based on experimentation, iterative design, and reflection on the creation process, leading to the strengthening of higher-order cognitive skills (Blikstein and Krannich, 2013; Martin, 2015; Hsu et al., 2017). According to these authors, makerspaces allow students to learn science and engineering by doing, through projects involving programming, modeling, and digital fabrication. This active learning develops competencies such as logical thinking, the application of the scientific method, and the understanding of complex technological systems—fundamental pillars of STEM disciplines (Weiner et al., 2020).

From a contemporary perspective, makerspaces are noted for promoting a STEAM approach by integrating art and creativity as essential components of innovation. Weng et al. (2022) demonstrate that participation in Maker projects improves design thinking, creative problem-solving, and self-evaluation of technological processes, fostering the development of a scientific and entrepreneurial mindset. By combining digital tools such as Arduino, 3D printing, or IoT programming with collaborative processes, these spaces strengthen both technical (hard) skills—design, prototyping, coding—and soft skills related to communication, leadership, empathy, and critical thinking (Lobato et al., 2023; Shu and Huang, 2021).

Studies published in 2025 expand the understanding of STEM skills toward a more inclusive, digital, and reflective vision. For example, Li et al. (2025) use epistemic network analysis to demonstrate that makerspaces strengthen interdisciplinary technological competence by promoting collaboration among students from different fields of knowledge. Barrett et al. (2025) show that virtual Maker education environments designed for neurodiverse adolescents enhance skills such as self-regulation, complex problem-solving, and cognitive autonomy. Likewise, formative assessment and self-reflection are highlighted as mechanisms to consolidate scientific understanding and knowledge transfer (Yueh-Min et al., 2022).

Furthermore, integrating artificial intelligence as a cognitive mediator in teacher training within Maker environments strengthens advanced digital competencies such as algorithm management, data interpretation, and technological ethics (Cox, 2024; Jang, 2024). Similarly, inclusive engineering projects in makerspaces have been identified to reinforce both transversal and disciplinary competencies by linking real-world problem-solving with sustainable design and interdisciplinary collaboration (Reynaga-Peña et al., 2025). Moreover, Purg et al. (2025) broaden the notion of STEM skills by including artistic creativity, critical thinking, and empathy as necessary dimensions for educational innovation in multicultural contexts. Therefore, it can be affirmed that, today, makerspaces develop a set of expanded STEM skills ranging from technical competencies such as programming, 3D design, electronics, robotics, and mathematical modeling to cognitive and social competencies such as critical thinking, problem-solving, communication, and creativity (Pols and Hut, 2023).



Discussion

This study revealed that the scientific production on Maker education demonstrates a process of theoretical and methodological consolidation that transforms an experimental movement into an interdisciplinary field of educational study. This finding is supported by the upward trend observed from 2015 to its peak in 2022, where Figure 2 shows sustained growth marking the maturity of the field. In this regard, Martin (2015) highlights that Maker education represents a transformative promise for educational systems, while Davies and Seitamaa-Hakkarainen (2025) recognize its transition toward systematized and inclusive approaches. The temporal expansion of scientific production shows that Maker education has evolved from an emerging phenomenon into a consolidated domain of educational innovation.

It was also observed that the most influential studies in the field establish a reference framework for Maker education by articulating knowledge construction with tangible experimentation and interdisciplinary collaboration. This finding was supported by the works identified in Table 2, where authors such as Martin (2015), Blikstein and Krannich (2013), and Hsu et al. (2017) lead the most cited publications for integrating the do it yourself philosophy with constructivist and STEAM frameworks. Likewise, Godhe et al. (2019) point out that the incorporation of Maker technologies requires a reconfiguration of the teacher's role, and Cohen et al. (2017) propose a formal framework for educational “makification.” Thus, the seminal texts shape the epistemic foundation of the field and demonstrate the need to advance toward integrative evaluative models that transcend the mere replication of experiences and promote longitudinal assessments of their real impact on teaching.

When analyzing recent research, it is evident that there is an evolution from manual creation toward expanded cognition mediated by artificial intelligence and design thinking. This finding is confirmed in Table 3, where the 2025 studies show the incorporation of emerging technologies, inclusion, and sustainability within the Maker discourse. Quintana-Ordorika et al. (2025) demonstrate that AI enhances teacher motivation and creativity, while Hosic et al. (2025) integrate ethical and intercultural dimensions into STEAM projects. Therefore, the convergence between AI, art, and design thinking redefines Maker education as a cognitive and socially responsible pedagogy, opening new paths for research on equity and teacher training that connect technological innovation with the development of emerging capabilities.

Regarding makerspaces, it was identified that they have evolved from physical digital fabrication laboratories into hybrid reflective learning ecosystems, where collaboration, self-assessment, and inclusion constitute their pedagogical core. Figure 3 illustrates this transition, showing the shift from material environments to socio-technical infrastructures with digital mediation and learning analytics. In addition, Figure 5 complements this interpretation by depicting the conceptual network in which maker and makerspaces are connected to nodes such as constructionism, learning, design thinking, STEM/STEAM, collaboration, and innovation, reinforcing their characterization as complex educational ecosystems rather than mere technical workshops. In this regard, early descriptions such as those by Hsu et al. (2017) define makerspaces as communities of practice centered on experimentation, whereas Bosch et al. (2025) redefine them as spaces for teacher self-reflection and iterative design. This conceptual evolution implies a profound reconfiguration of active learning toward sustainable models of educational innovation, requiring teacher training in emerging digital competencies with a gender perspective.


[image: Network diagram illustrating connections within “maker education” concepts. Central node “maker education” is highlighted green, with linked topics like “stem education,” “curricula,” and “students” in red, yellow, and blue. Lines represent relationships among diverse terms such as “engineering education,” “problem-solving,” and “makerspace.” ]
FIGURE 5
 Conceptual network of the maker movement and makerspaces.


Moreover, the beneficiaries of makerspaces have shifted from traditional STEM populations to diverse communities that include women, cultural minorities, and neurodiverse learners. However, structural and cultural gaps persist that restrict women's participation in Maker environments, where technological biases and the lack of equity policies limit their leadership. It should be noted that since the 2010s, inequalities derived from the initial technocentric culture and the underrepresentation of women have been analyzed. In this regard, Martin (2015) and Blikstein and Krannich (2013) warned of this foundational bias, while Quintana-Ordorika et al. (2025) highlight the emergence of models that position women educators as designers and mediators of learning experiences.

Concerning the STEM skills promoted by makerspaces, these have evolved from programming and 3D design to self-regulation and empathy. Weng et al. (2022) emphasize the development of creativity and entrepreneurship, while Li et al. (2025) demonstrate the consolidation of interdisciplinary technological competencies. In the educational field, this means that makerspaces have ceased to be simple fabrication environments and have become laboratories for scientific citizenship and technological ethics, where STEM education is intertwined with social inclusion, gender equity, and continuous teacher development.



Conclusions

The systematic review on Maker education allows us to affirm that this field has evolved from an empirical practice based on experimentation toward a more complex form of education grounded in interdisciplinary frameworks and technological integration. The analysis of scientific production reveals theoretical maturity that consolidates Maker education as an approach to educational and social innovation, capable of articulating creativity, critical thinking, and STEM competencies in diverse contexts. A fundamental contribution of this study lies in the evolutionary conceptualization of makerspaces as hybrid ecosystems of reflective learning, where iterative design, self-assessment, and inclusion are integrated as structural components. This conceptual advancement redefines the boundaries of active learning, overcoming the initial technocentric vision to incorporate artificial intelligence, artistic creativity, and gender equity as essential dimensions of an education of making.

From the perspective of equity and inclusion, the results highlight that makerspaces have become spaces of empowerment for diverse communities, particularly women, neurodiverse students, and learners of different languages. This inclusive shift positions Maker education as a tool for social justice that contributes to closing structural gaps in STEM education. In the field of STEM skills, this study provides evidence that makerspaces generate transversal learning experiences that integrate technical, cognitive, and socio-emotional dimensions. The convergence of science, art, engineering, and design fosters creative problem-solving and self-reflection—essential components for sustainable innovation.

Although gender is mentioned throughout the text, a deeper conceptual clarification is necessary to understand its role within Maker education. From a theoretical standpoint, gender equity refers to the fair distribution of opportunities, resources, and participation conditions between women and men, recognizing the sociocultural determinants that historically restrict female access to STEM fields such as stereotypes about technical competence, limited early exposure to technological tools, and the persistence of male-dominated learning environments.

The results of this review show that, while recent studies incorporate inclusive frameworks and expand the range of beneficiaries, there is still limited empirical evidence on whether Maker education actively challenges or unintentionally reproduces gendered expectations in STEM. For example, although makerspaces promote collaboration, creativity, and hands-on experimentation, some research continues to document disparities in tool use, leadership roles within projects, and self-efficacy perceptions among women. This underscores the need to critically examine not only participation rates but also the cultural dynamics and pedagogical practices that shape gendered experiences within Maker environments, as well as to strengthen models that leverage design thinking, AI-mediated scaffolding, and reflective teaching to foster equitable learning conditions.

Among the study's limitations, it is acknowledged that, although the systematic review made it possible to identify global trends and patterns, it did not explore in depth the longitudinal impacts of Maker practices nor compare results across regions. Finally, future studies should be directed toward the creation of evaluative and longitudinal methodologies that analyze the real impact of Maker education on competency development and gender equity. It is recommended to promote collaborative research among universities, governments, and educational communities that integrates artificial intelligence, data analysis, and design thinking as axes of pedagogical innovation. Likewise, further exploration is suggested regarding the teacher's role as a designer of hybrid and reflective learning experiences, capable of mediating between technology and humanity.
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