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Abstract

:

Fabrication laboratories (FabLabs) and makerspaces are used to transform ideas into tangible products. Used in a design–learning context, they can enhance cognitive and creative skills. Creativity is the pivotal ability to produce innovative outcomes in makerspaces, and several studies have attempted to understand the role of makerspaces and creativity in specific fields. However, a comprehensive study offering a holistic view of the contributions of the makerspaces as built environments that foster creativity is lacking. Therefore, we conducted a systematic literature review on FabLabs, makerspaces, and creativity to address this research gap. While the review was performed using five major databases, only peer reviewed journal articles were considered. The findings revealed that makerspaces help to develop person, product, physical, and social environments, as well as process aspects of creativity. Moreover, makerspaces induce problem solving, collaborative, and communication skills; they also offer appealing environments and technologies for developing creative solutions to real-life problems. We identified and analysed five major themes dealing with technical skills, technological and environmental elements, STEM learning, and skill development, and elaborated upon their importance for enhancing creativity in FabLab and makerspace environments.
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1. Introduction


A makerspace is an overreaching concept understood as “a creative, uniquely adaptable learning environment with tools and materials, which can be physical and/or virtual, where students have an opportunity to explore, design, play, tinker, collaborate, inquire, experiment, solve problems and invent” [1]. Makerspaces are built environments utilized for interdisciplinary applications and research, helping users to coordinate between different disciplines to develop complex engineering designs [2]. Fabrication laboratories (FabLabs) are similar to or are a type of makerspace. However, in FabLabs stronger emphasis is laid on the use of an often-predefined equipment (e.g., 3D printers, laser cutters, or electronic workbenches) and on the scope of related training (see [3]). The technology used in makerspaces and FabLabs are referred to as digital fabrication or digital manufacturing [4]. Such technology enables computer-supported additive and subtractive manufacturing, design and rapid prototyping, and the easy materialization of highly customized products. Digital fabrication technology is considered to be an indispensable part of makerspaces and FabLabs [5], invention studios [6], personal fabrication setups [7,8], design labs, and hackerspaces. Schmidt [9] coined “open creative labs” as an umbrella term referring to all kinds of makerspaces mentioned in the literature. Makerspaces are used in a variety of disciplines, and the literature has paid a good amount of attention to its wide applications. Makerspaces were found to be highly impactful in different domains. The nature of this influence was examined in economy [10], entrepreneurship [11], public libraries [12], design education [13,14], higher education [15], science, technology, engineering, and mathematics (STEM) education [16], medical practices [17], and sustainability [18] among many others. Built environments used for designing are essential for supporting creative activities [19]. Most of the studies conducted on makerspaces and FabLabs considered them to be creative, built environments that help students, engineers, designers, architects, and healthcare workers come up with innovative solutions to real-life problems [3,20,21,22,23]. In this regard, creative ideas and solutions are fostered by the stimulating atmosphere and environment [24]. There is evidence of a growing influence of workspace environments such as makerspaces on creativity and innovation [25]. For example, the quality of the physical environment was found to have a positive influence on the individual and team creativity. By contrast, negative qualities of the physical environment can hinder creativity [26].



Creativity is a comprehensive term with many definitions in the literature. This study adopted that proposed by Rhodes [27]: “The word creativity is a noun naming the phenomenon in which a Person communicates a new concept (which is the Product). Mental activity (or mental Process) is implicit in the definition, and of course, no one could conceive of a Person (Individual) living or operating in a vacuum, so the term Press (Environment) is also implicit.” Generally, the creativity inherent in an output or product depends on its novelty and suitability [28]. Creativity is also associated with skills such as creative thinking, problem-solving, critical thinking, imagination, and active learning [29,30,31].



Digital fabrication technology used in FabLabs and makerspaces affects users’ think-ing, ideas, creation skills, and the ability to produce creative solutions in a wide variety of domains such as art, science, and engineering. Schmidt described “creative labs” as sites for social innovation that foster individual creativity and learning, leading to creation of knowledge and value [32]. Culpepper and Gauntlett [33] conceived makerspaces as creative settings for generating creativity and curiosity in individuals. An empirical study conducted by Saorin et al. [34] in makerspaces concluded that digital editing tools and 3D printers helped in developing the engineering students’ creative ability. In addition to the development of creative abilities, makerspaces are helpful in promoting collaboration, problem-solving, and communication in areas such as science, technology, engineering, and mathematics (STEM) [35,36]. Specifically, the relationship between creativity and makerspaces has been investigated in different research articles in the context of specific disciplines [37,38,39]. However, no study has focused simultaneously on all the aspects of creativity (person, collaboration, process, physical, social features of the environment, and product) in the context of makerspaces. Consequently, it was suggested that further research is needed to explore the specifics of makerspaces as types of creative work and learning environments [40].



The aim of this study, thus, was to conduct a comprehensive systematic literature re-view (SLR) to understand the influence of built environments such as makerspaces on creativity according to person, process, product, (physical and social) environmental features, and collaboration aspects. The present study identified five themes in the articles discussing the topic of creativity in relation to makerspaces included in the review. The main contribution of this review is that it summarizes and maps the state-of-the-art research work carried out on creativity in makerspaces thus far, particularly pertaining to the five mentioned aspects of creativity.




2. Method


An SLR was conducted following the preferred reporting items for systematic re-views and meta-analyses (PRISMA) model [41]. SLR is known to provide strong theoretical knowledge and insights into current trends associated with a research topic [42]. This section outlines the keywords and databases employed in the search, and provides examples of included and excluded articles.



2.1. Search Criteria, Databases, and Keywords


An initial search was conducted using keywords such as makerspace, FabLab, creativity, and cognition. However, due to the limited number of results and to gain a broader view of the topic, the authors decided to use three rather than four search terms (i.e., makerspace, FabLab, and creativity) to gain a broader view of the topic. The search was conducted on five online databases, and only peer-reviewed journal articles were included in the sample. Table 1 shows the main parameters and corresponding values used in the database searches.




2.2. Article Selection Process


In the initial stage (i.e., Identification), 264 articles were found from all five databases and stored using a reference manager software. After removing duplicates, 170 articles were identified. In the second stage (i.e., Screening), the 170 articles were reviewed for their central idea, application area, research methods, and contributions to determine their relevance for this review. Thereafter, the articles that specifically discussed creativity (person, collaboration, process, social, physical environment, or product) in the contexts of FabLabs and makerspaces were selected for a full text reading (a detailed description of the inclusion and exclusion process is given in Section 2.3). In the third stage (i.e., Eligibility), 45 articles were deemed eligible and included for quantitative and qualitative analysis. Figure 1 shows the SLR process followed as well as the number of publications at the end of each stage of the process.




2.3. Reliability of the Selection Process


To ensure reliability of the article selection process, a second researcher independently screened the full texts of 40 articles randomly selected from the 170 articles. To check validity, the resulting selection of 13 articles eligible for inclusion from the 40 screened, was compared to the selection of 12 articles eligible for inclusion by the first researcher. The result corresponded to Cohen’s kappa [43] of 0.94 indicating almost perfect agreement between evaluators [44].




2.4. Article Inclusion and Exclusion Criteria


Articles were eligible if they focused on the role of FabLabs, makerspaces, or any other related terms, such as lab/space, in fostering any aspect of creativity (person, process, environment, product, or collaboration). As an example, Saorin et al. [34] examined the effect of using 3D printing technology in a university makerspace on engineering students’ creative competence and perception. In this case, the personal aspect of creativity was studied in the context of a makerspace and the study was included in the review. Another example is a cross-disciplinary study that combined medical and engineering students in makerspaces who were engaged in creative product development [45].



Studies that did not focus on the creative issue of FabLabs or makerspaces were excluded. In this regard, an article stated that “makerspaces offer a pedagogical approach promoting creativity in students” [46]. However, because the relationship between creativity and makerspaces was not investigated, it was excluded. The practice of calling makerspace a “creative place” is common in the literature (e.g., [47,48]). However, though several articles included the words “creativity,” “FabLab,” or “makerspace,” their study topic was unrelated to these notions. This is one main reason behind the exclusion of many articles from the present review. Newspapers and magazines (e.g., [49,50,51,52]) were also excluded. These articles were retrieved from EBSCOhost and ProQUEST databases during the search for peer-reviewed journal articles.





3. Results


First, word analysis was carried out to find the themes in the literature as presented. Then, the qualitative analysis was conducted to identify the main themes, the research method used, and the aspects of creativity addressed in the literature as outlined. Results are summarized in Figure 2.



3.1. Word Analysis and Clustering


Word analysis was performed via VOSviewer software [53] using the titles and abstracts of the selected articles. The analysis showed the most common words used in the selected articles and the strength of the links between them. Link strength is the number of articles in which two terms occur together. These pairs of words were then used to form clusters of words based on their frequency, as well as on the strength of the links between the words. The co-occurrence of words was based on binary counting, meaning that similar words from a single paper were counted only once. The algorithm used to create clusters was based on the technique by van Eck and Waltman [53]. Search terms such as “creativity,” “FabLab,” “makerspace,” common words such as “year” and “finding,” as well as articles and prepositions were filtered out because their occurrence in the clusters was irrelevant to the scope of this study. Accordingly, the emerging clusters were used to find key themes in the reviewed literature.



The clusters were formed by words that appeared at least three times in the included articles. The minimum occurrence was set to three to create clusters with the most frequent and relevant words, which enabled the authors to define the themes associated with these clusters. Setting the minimum to one or two would have resulted in thousands of words with even more connections, producing too many clusters with few words in each. Ultimately, this would have made the word analysis more error-sensitive, and each cluster would have been difficult to interoperate. Since words from one cluster relate to words from other clusters, the clusters were mutually connected. To enhance visibility and clarity of the outcome, the links between words are not shown in Figure 2. After carrying out a qualitative analysis of all the included articles, each of the emerging clusters was categorised under a specific theme. The clusters and their associated themes are illustrated in Table 2.




3.2. Theme of Each Word Cluster


The following steps were followed to assign a theme to each cluster: (i) select a cluster; (ii) search each word from that particular cluster in the full text of all articles included in this review; (iii) read the context of a word where it appears in the corresponding articles; (iv) select common articles having most of the words from that particular cluster; (v) carefully read the selected articles to find the central idea or theme; (vi) assign a theme to that particular cluster. The same process was repeated for all the clusters shown in Figure 2. For example, for the purple cluster, four articles [36,54,55,56] were found, which contained most of the words corresponding to this cluster. After qualitative analysis, we found that all the articles were discussing the use of makerspace in developing creative skills and encouraging technical skill development related to STEM disciplines. Therefore, the theme “Person-focused studies” theme that revealed the use of makerspaces for creative and technical skill development was assigned to the purple cluster. The themes assigned to each cluster are shown in Table 2.




3.3. Classification of Selected Articles


Table 3 provides a comprehensive view of all the articles included in this study. It maps each article according to the main themes and aspects of creativity. In addition to the themes described in Table 2, a qualitative analysis was conducted to classify the selected articles based on creativity issues. Creativity issues were organized according to the four Ps of creativity model by Rhodes [27]) that include: (i) person (personality, intellect, temperament, traits, habits, attitudes, self-concept, value systems, defence mechanisms, and behaviour), (ii) process (motivation, perception, learning, thinking, and problem-solving skills), (iii) product (output of creative process concerned with novelty, originality, uniqueness, practicality, usefulness, and/or functionality [27,57], and (iv) press (built environment directly or indirectly influencing creativity [19,26,58]. The environment aspect of creativity represents research articles discussing physical and social aspects of the built environment that motivates, inspires students, and engages them in an unpredictable and risk-taking atmosphere that fosters creativity [27,59]. In addition to the four Ps of creativity, the collaborative aspect of creativity was included in this review. Collaborative creativity refers to studies where experts (designers or creators) and stakeholders design products together [60].





4. Discussion


This section presents an analysis based on the themes identified in the results section as well as the aspects of creativity addressed in the articles in the context of makerspaces and Fablabs.



4.1. Thematic Analysis


4.1.1. Physical Environment and Technology


This theme reflected how the introduction of technology (digital fabrication tools) in built environments such as FabLabs or makerspaces can have a positive impact on creativity. Both physical and non-physical workspace environments influence human behaviour and through this, creativity, and innovation performance [92]. The use of technology in makerspaces is essential to support design creativity (e.g., prototyping) [19]. In fact, shared creative environments are instrumental for not only for design studios [71,94], but also for any prototyping-focused environments such as FabLabs and makerspaces [65]. These are seen as a variety of collaborative spaces for experimentation, tinkering, and innovation [32] that complement other educational environments [74]. The availability of various facilities, including shaped spatial architecture and infrastructure, stimulate the innovativeness of the users operating in these makerspaces [9,32,33,91]. It is suggested that rounded versus angular physical work environment is more likely to enhance divergent creativity [90]. Physical attributes of a makerspace play an important role in generating proper balance of structure with autonomy, interaction with seclusion, and comfort with usability, and are a fundamental metric of creativity [88]. Creativity is greatly connected with the production place [69]. Georgiev et al. [65] divided FabLabs and makerspaces into three places in which creativity can be captured: (i) the creative place (the physical space where activities are performed), (ii) the interaction between users (teams) as well as users and tools/machines (creativity can be observed capturing such interaction), and (iii) the creativity related to the work the users produce in the FabLab or makerspace. In contrast, Bevan et al. [16], who focused on the activities and interactions performed in makerspaces, argued that these helped students develop creative and improvisational problem-solving skills through making and tinkering. Fleischmann et al. [63] used digital fabrication technology in makerspaces for product co-creation by involving users in both the product design and fabrication processes. Mandavilli [52] suggested that selecting appropriate digital fabrication technology helped to make the most “wildly expressive things”. Furthermore, FabLabs were found to promote creativity and technological entrepreneurship derived from knowledge, advancing by this key concepts of collaborative economy [95]. Considering these studies, it can be argued that employing different technologies in support of activities such as design and prototyping can contribute to the development of problem-solving skills and innovative products.



The main gap observed in this review was that very few empirical studies (e.g., [90]) discuss the relationship between the physical layout of a makerspace and its impact on creativity. Despite its importance, no other studies focus on Fab Lab specifically. Those discussing aspects related to the physical environment of makerspaces generally stress on the technology and tools used in makerspaces, but do not explore how the space should be designed (i.e., layout organization, materials used, acoustics, ventilation, illumination issues, and location of machines). For example, operating certain machines in FabLabs—such as large 3D printers, laser cutters, and Computer Numerical Control (CNC) tools—generates noise that can negatively affect other activities carried out in this environment, as well as the health of the designers. For this reason, CNC tools are typically put in separate rooms aimed at minimising the effect of noise. Future research should be carried out to investigate the effect of noise on FabLab activities. Carrying out design activities individually or in teams near such machines can affect the performance and creativity of the designers and their outcomes. Similarly, for proper functioning, machines such as laser cutters and soldering stations require intensive ventilation. These areas should be away from facilities where designers interact in activities such as prototyping or the creation of Computer-Aided Design (CAD) models. This is not only important from a cognitive perspective but also from a health and safety one.




4.1.2. Learning Environments


As environments supporting effective exploration and learning, FabLabs and makerspaces can positively influence behaviours such as observation, experimentation, questioning, and networking. FabLabs and makerspaces are seen as types of creative work and learning environments [40]. In such spaces, the users are able to acquire complex knowledge about digital technologies through social-focused learning [95]. These are fundamental for fostering creativity and innovation in places such as academic libraries [64]. Bieraugel and Neil [64] found that in traditional libraries, the potential for creativity is not fully realized. This can be rectified by shifting the role of academic libraries from storing and serving up existing knowledge, to creating, discovering, and developing knowledge, hence fostering creativity and innovation in learning environments.



Another study endorsed the idea of constructing creative spaces in learning environments such as libraries, as they support the philosophy of collaboration, discovery, and integration of library services [75]. Creating makerspaces in libraries to support students’ creative abilities was also endorsed by Schuck et al. [70]. Makerspaces in libraries are also considered to be innovative for business education and entrepreneurship and are often combined with other features encouraging creativity [77]. Ocholla et al. [96] related the notion of the fourth industrial revolution with the aim of creating makerspaces in academic libraries to promote innovation and creativity. A significant number of articles addressing creativity and FabLabs or makerspaces were based on designing such built environments of this type in public and university libraries [75], some of which were created under tight budgets [97]. These studies show the importance and increasing popularity of makerspaces in both public and academic libraries, suggesting that the addition of these environments in these existing learning environments can make them a place for not only storing and managing knowledge, but also for experimentation and innovation.




4.1.3. Person-Focused Studies


This theme focuses on students and stakeholders in FabLab and makerspace education. Some studies identified FabLabs and digital fabrication technology as a field dominated by male students [55,82]. However, other works found that the use of digital fabrication technology by both men and women was equally helpful in enhancing their creativity and critical thinking skills [54]. Women makers can enhance their confidence and resilience by developing a culture of learning, facilitating their own design journeys, and creating a “laboratory for creativity” [82]. In the context of psychological counselling, makerspaces can adjust personal definitions of creativity, integrate creativity into professional identity, and foster an environment for creative expression and problem solving [21]. These findings prompted further attempts to foster women’s engagement and creative development in makerspaces by combining practical activities [56,98]. Velicu and Giannis showed that playing with support tools in makerspaces could dramatically change the way children perceive and approach a task demanding creative skills [83]. Applying design thinking in makerspaces was found to enhance open-ended, flexible, and transferable skills, such as creativity and critical thinking [46]. Overall, the studies dealt with different groups of people, roles, and skill development. Specifically, the above studies confirmed that makerspaces play a critical role in fostering important creative thinking skills required in both basic and higher education, as demanded by many of the 21st century challenges [36].




4.1.4. Hands-on Learning in Higher Education


This theme deals with hands-on learning in disciplines such as engineering, architectural design, medical education, and interdisciplinary studies. Most of these fields have an interest in fostering the personal and product aspects of creativity in Fablabs and makerspaces by using digital fabrication technology and through inter-disciplinary collaboration. In engineering education, efforts are made to stimulate individual creative competence supported by digital fabrication tools. Creativity and innovation have been identified by faculty and staff members as affordances of university-based makerspaces [99]. Using digital editing tools and 3D printers was found to positively influence users’ creative skills [34,45,79], facilitate task motivation, and foster artistic creativity [85]. Moreover, integrating FabLabs with digital fabrication technology in the formal education of engineering students was identified as beneficial for enhancing their creative and entrepreneurial skills [78]. Makerspaces are seen as community-based organizations helping achieve goals, and develop self-confidence in manual activities demanding creativity [78,87]. Another study conducted on architecture and design education in FabLabs, showed a positive relation between the cognitive behaviour of student designers working in parametric settings and the creativity of their outcomes [100]. In medical education, students were found to be acquainted with digital fabrication technology to design and produce customized creative solutions to real-life problems aimed at improving healthcare or related products [39,72,101]. Another study demonstrated that collaboration between different disciplines while using makerspaces can lead to the production of largely innovative products [45]. Based on the above studies, it can be said that the integration of FabLabs and makerspace environments in higher education is of para-mount importance to enhance individual and collaborative creative hands-on skills of students, which may offer unique opportunities to make innovative products.




4.1.5. Learning and Skills Development in STEM Education


This theme addresses how makerspaces contribute to STEM education and creativity. Makerspace education plays an important role in helping students develop their creative thinking, communication, and collaboration skills mainly when offered the necessary means for implementing the “learning-by-doing” approach [3,61]. The type of pedagogy used in makerspaces was another influential aspect in fostering the students’ creative skills [46,84]. Specifically, a joyful engagement in the learning process accompanied by the existence of a supportive technological environment were major factors that motivated students to learn, think, and act creatively [67]. From an experiential level, exploration, inquiry, and examination of materials were also found to encourage the production of creative outcomes [86]. Studies on FabLabs and makerspaces also dealt with the motivation for creativity in STEM education. Smith [71] demonstrated that makerspaces in STEM can be used to enhance creative skills and abilities, such as critical thinking, problem-solving, and design collaboration. It is important to demonstrate creative and collaborative skills to other participants in makerspaces [84]. From the above examples, it can be concluded that the learning-by-doing approach and joyful engagement in makerspaces motivate students to learn STEM related technological skills. In this regard, material artifacts and scrap materials found in makerspaces can have important implications for learning how to enhance creativity [89]. Particularly, makerspaces and FabLabs facilitate conducive learning environments where prototyping and other design activities are fundamental for developing creative thinking, problem solving, and collaborative skills.





4.2. Aspects of Creativity


4.2.1. Creative Process


The creative process can be considered as the course of action by the means of which creative skills are developed. As Rhodes [27] posited, the process aspect of creativity consists of motivation, perception, learning, thinking, and communicating. All these properties can be positively affected in FabLabs and makerspaces focusing on constructionist approaches (described in more detail below). The creative process can also be fostered by providing the required technical help to implement ideas in practice, contributing by this to the learning process [102].



When makerspaces are used to support of education, learning by doing has the potential to foster the creative process [22,23]. Constructionists believe that knowledge is constructed, and that learning occurs in the process of creating artifacts, especially when these artifacts and the environments in which they are created are relevant and meaningful to the creator [61]. An example could be when learning how to generate, develop, and implement ideas along the creative process by means of prototyping in a makerspace environment [61]. Imagination and idea generation are also key to producing innovative solutions [29,31]. If ideas are limited due to the lack of adequate means of implementation, the ability to produce solutions through a creative process will be also limited. Accordingly, providing an appropriate environment equipped with technological tools and the right assistance enhances the creative process. In this regard, Milara et al. [67] found that implementing ideas (e.g., prototyping electronics) and programming them in a makerspace context were the most significant challenges of a learning-by-doing design process. The degree of welcoming and supportiveness of the environment in university-based makerspaces was seen as essential for developing knowledge and skills [99].



Makerspaces were also found to help develop creative skills in engineering and medical fields by fostering creative problem-solving abilities along the process. A study dealing with medical students found that their critical-thinking and creative problem-solving skills increased when they were supported with digital fabrication tools along the process [72]. Learning digital fabrication tools in makerspace made students capable of hacking existing medical devices and customizing them to improve healthcare [72]. Thus, providing support along the creation process (e.g., digital fabrication tools) to implement ideas enhanced creative thinking and helped envisage innovative solutions aimed at challenging real-life problems.




4.2.2. Fostering Individual Creative Competence


Creative competence is essential for success in various domains, including architecture, design, and engineering. It is fundamental to create alternative innovative solutions to a problem. A study in engineering found that makerspaces equipped with digital editing software and 3D printers largely fostered creative ability [34]. Likewise, Duenyas and Perkins showed that makerspaces facilitating the interaction with various tools and materials helped users develop creative competences such as self-awareness, improve self-esteem, cope with unwanted emotions, and build positive inter-relationships [21]. Similarly, Taheri et al. [78] showed that in addition to enhancing creativity, FabLabs contributed to a large sense of community, self-confidence, and entrepreneurial skills for engineering studies. They also improved individual problem solving, communication, and collaboration skills. Hoople et al. found that key factors supporting both formal and informal creative competence development in makerspaces were the presence of experienced practitioners and clear rules of engagement [79]. In conclusion, FabLabs and makerspaces make a critical contribution in the development of individual creative competences [103], particularly in the engineering disciplines.




4.2.3. Creative Product Development


Creative products should not be only original and unique, but also practical, useful, and/or functional [27,57]. Developing creative products is considered a complex activity requiring collaboration with the appropriate tools among varied disciplinary areas. In this regard, the creativity of outcomes (i.e., prototypes and products) can be fostered through interdisciplinary collaboration supported by the use of digital fabrications tools in FabLabs and makerspaces. A work in nursing and engineering showed that collaborative work in a FabLab environment helped to identify real-life problems, generate creative ideas, and develop commercially viable prototypes [45]. Other studies also referred to the positive role of makerspaces in envisioning and developing sustainable, creative, and viable products [11,63,72]. Based on the articles reviewed, FabLabs and makerspaces should be considered suitable settings for the development and production of creative outcomes. As supportive built environments, such settings seem to offer the physical conditions and tools necessary for developing and implementing tangible ideas onto unique and sustainable products.




4.2.4. Fostering Creativity through Motivational and Inspiring Learning Environments


When supported by appropriate means, such as digital fabrication tools, makerspaces can be seen as powerful and exciting learning environments engaging users in creative activities [66]. As a learning environment, makerspaces provide opportunities for people to express themselves, thus enhancing the possibility of producing creative solutions. Trahan et al. found that creating a learning atmosphere where students and teachers were allowed to fail, encouraged them to experiment and explore without fear, and to integrate other participants in their making activities [55].



Forest et al. [6] studied the impact of makerspaces on self-perception. They found that 90% of the users believed that makerspaces as learning environments motivated them to pursue careers involving creativity, design, innovation, and invention. Their study also demonstrated that hands-on design-build education stimulates innovation, creativity, and entrepreneurship in engineering. By providing encouraging and supportive physical and social environments, studies showed that FabLabs and makerspaces’ positive influence could be considered as encouraging self-expression, inspiration, motivation, and creative abilities of the users.




4.2.5. Co-Creation


Co-creation refers to an act of collaborative creativity that is shared by two or more individuals [104]. Usually, the designers and entrepreneurs, users, or consumers work together to define design goals, making common decisions, and designing and developing a product solution. FabLabs and makerspaces are ideal places to encourage a culture of co-creation and design participation. The sample of articles reviewed in this study classifies co-creation into two types. In the first one, experts develop a sustainable and suitable product for a community with the participation of the community members [63,69]. In the second one, which takes place in an academic context, prototypes are developed with collaborative knowledge, teamwork, and cross-college collaboration [2]. Overall, both types of studies showed that makerspaces should be considered as fundamental environments supporting co-creation aimed at developing creative, valuable, and viable products.





4.3. Contribution


The SLR contributed to state of the art in the field in several ways, such as (1) based on the well-known model of Rhodes [27], focusing on environment, process, product, and collaboration aspects, we analysed and reflected upon major creativity issues that play an essential role in the FabLab and makerspace context; (2) we identified and analysed five major themes dealing with technical skills, technological and environmental elements, STEM learning, and skill development, and elaborated upon their importance on creativity in the area of FabLab and makerspace environments; and (3) as a consequence of the above, we aimed at enhancing awareness of researchers, educators and practitioners about the importance of FabLabs and makerspaces for enhancing creativity.





5. Conclusions


A systematic literature review was conducted by exploring articles dealing with the makerspaces, FabLabs, and creativity, published on five major online databases. Adopting Rhodes’ [27] approach, creativity was analysed through four main aspects: person, process, product, and environment. The present work identified major research areas (themes) where FabLabs and makerspaces foster creativity in a wide range of disciplines. These included physical environment and technology, learning environments, person-focused studies, hands-on learning, and STEM education.



In engineering, business, and medicine, makerspaces equipped with digital fabrication technology provide an opportunity to collaborate and implement innovative ideas. FabLabs and makerspace environments motivate students to engage in STEM education, and facilitate the development of hands-on learning experiences, confidence, problem solving, and communication skills. Another emerging area pointed out by the studies where makerspaces are flourishing is in learning environments such as public libraries. Indeed, in the studies on libraries makerspaces are viewed as creative and innovative spaces offering a suitable physical setting for innovation and knowledge generation. Besides education and healthcare, FabLabs and makerspaces are ideal built environments for co-creation, as they provide the opportunity to design and create products in mono- or multi-disciplinary teamwork. These environments also encourage the participation of experts together with entrepreneurs, community members, and consumers, who can collaborate on the design and fabrication processes. An outcome of these collaborations is the generation of innovative and sustainable products.



However, studies about FabLabs and makerspaces involving creativity set a large stress on the use of 3D software and printing technology. Consequently, other aspects of the physical environment including equipment concerned with additive and subtractive manufacturing tools and technologies should be studied to evaluate their impact on creativity. Suitable pedagogies used in makerspaces to promote creative learning is another emerging research area. A limitation of this systematic literature review is that it only focused on journal articles and the creativity aspect of FabLabs and makerspaces. Further research should extend the scope of this study to include conference articles and other cognitive skills associated with FabLabs and makerspaces to provide a larger view on the topic.







Author Contributions


Conceptualization, H.C., S.A.S. and G.V.G.; methodology, S.A.S., H.C. and G.V.G.; validation, S.A.S. and G.V.G.; investigation, S.A.S. and G.V.G.; data curation, S.A.S. and G.V.G.; writing—original draft preparation, S.A.S.; writing—review and editing, H.C., G.V.G. and S.A.S.; visualization, S.A.S. and G.V.G.; supervision, G.V.G. and H.C.; funding acquisition, G.V.G. All authors have read and agreed to the published version of the manuscript.




Funding


This research was funded by Academy of Finland 6Genesis Flagship grant number 346208, and by the Erasmus+ project “Bridging the creativity gap” (agreement number 2020-1-UK-01-KA202-079124).




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Not applicable.




Data Availability Statement


Not applicable, because no new data were created or analysed in this study. However, the exported bibliographic files from each database are available from the corresponding author upon reasonable request.




Acknowledgments


The authors acknowledge the support given by Vijayakumar Nanjappan during the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Loertscher, D.V.; Preddy, L.; Derry, B. Makerspaces in the School Library Learning Commons and the UTEC Maker Model. Teach. Libr. 2013, 41, 48–51. [Google Scholar]

	



Kim, S.-W. An Interdisciplinary Capstone Course on Creative Product Development with Cross-College Collaboration. Int. J. Eng. Educ. 2020, 36, 919–928. [Google Scholar]

	



Blikstein, P.; Kabayadondo, Z.; Martin, A.; Fields, D. An Assessment Instrument of Technological Literacies in Makerspaces and FabLabs. J. Eng. Educ. 2017, 106, 149–175. [Google Scholar] [CrossRef]

	



Hawken, P.; Lovins, A.B.; Lovins, L.H. Natural Capitalism: The Next Industrial Revolution, 2nd ed.; Routledge: London, UK, 2013; ISBN 978-1-315-06575-5. [Google Scholar]

	



Gershenfeld, N. How to Make Almost Anything: The Digital Fabrication Revolution. Foreign Aff. 2012, 91, 43. [Google Scholar]

	



Forest, C.R.; Moore, R.A.; Jariwala, A.S.; Fasse, B.B.; Linsey, J.; Newstetter, W.; Ngo, P.; Quintero, C. The Invention Studio: A University Maker Space and Culture. Available online: https://advances.asee.org/wp-content/uploads/vol04/issue02/papers/AEE-14-1-Forest.pdf (accessed on 4 June 2022).

	



Baudisch, P.; Mueller, S. Personal Fabrication. HCI 2017, 10, 165–293. [Google Scholar] [CrossRef]

	



Richard, G.T.; Giri, S. Digital and Physical Fabrication as Multimodal Learning: Understanding Youth Computational Thinking When Making Integrated Systems through Bidirectionally Responsive Design. ACM Trans. Comput. Educ. 2019, 19. [Google Scholar] [CrossRef]

	



Schmidt, S.; Brinks, V. Open Creative Labs: Spatial Settings at the Intersection of Communities and Organizations. Creat. Innov. Manag. 2017, 26, 291–299. [Google Scholar] [CrossRef]

	



Prendeville, S.; Hartung, G.; Purvis, E.; Brass, C.; Hall, A. Makespaces: From Redistributed Manufacturing to a Circular Economy. Sustainable Design and Manufacturing; Springer International Publishing: Cham, Switzerland, 2016; pp. 577–588. [Google Scholar]

	



Guerra, A.G.; Sanchez de Gomez, L. From a FabLab towards a Social Entrepreneurship and Business Lab. J. Cases Inf. Technol. 2016, 18, 1–21. [Google Scholar] [CrossRef]

	



Brady, T.; Salas, C.; Nuriddin, A.; Rodgers, W.; Subramaniam, M. Make Ability: Creating Accessible Makerspace Events in a Public Library. Public Libr. Q. 2014, 33, 330–347. [Google Scholar] [CrossRef]

	



Becker, S. Developing Pedagogy for the Creation of a School Makerspace: Building on Constructionism, Design Thinking, and the Reggio Emilia Approach. J. Educ. Thought 2016, 49, 192. [Google Scholar]

	



Georgiev, G.V. Meanings in Digital Fabrication. In Proceedings of the FabLearn Europe 2019 Conference, Oulu, Finland, 28–29 May 2019; Association for Computing Machinery: New York, NY, USA, 2019; pp. 1–3. [Google Scholar]

	



Ylioja, J.; Georgiev, G.V.; Sánchez, I.; Riekki, J. Academic Recognition of Fab Academy. In Proceedings of the FabLearn Europe 2019 Conference—FabLearn Europe ’19, Oulu, Finland, 28–29 May 2019; ACM Press: Oulu, Finland, 2019; pp. 1–7. [Google Scholar]

	



Bevan, B.; Gutwill, J.P.; Petrich, M.; Wilkinson, K. Learning Through STEM-Rich Tinkering: Findings from a Jointly Negotiated Research Project Taken Up in Practice. Sci. Educ. 2015, 99, 98–120. [Google Scholar] [CrossRef]

	



Lakshmi, U.; Hofmann, M.; Valencia, S.; Wilcox, L.; Mankoff, J.; Arriaga, R.I. “Point-of-Care Manufacturing”: Maker Perspectives on Digital Fabrication in Medical Practice. Proc. ACM Hum. Comput. Interact. 2019, 3, 1–23. [Google Scholar] [CrossRef]

	



Soomro, S.A.; Casakin, H.; Georgiev, G.V. Sustainable Design and Prototyping Using Digital Fabrication Tools for Education. Sustainability 2021, 13, 1196. [Google Scholar] [CrossRef]

	



Casakin, H.; Wodehouse, A. A Systematic Review of Design Creativity in the Architectural Design Studio. Buildings 2021, 11, 31. [Google Scholar] [CrossRef]

	



Carulli, M.; Bordegoni, M.; Bianchini, M.; Bolzan, P.; Maffei, S. A Novel Educational Model Based on “Knowing How to Do” Paradigm Implemented in an Academic Makerspace. Interact. Des. Archit. 2017, 34, 7–29. [Google Scholar] [CrossRef]

	



Duenyas, D.L.; Perkins, R. Making Space for a Makerspace in Counselor Education: The Creative Experiences of Counseling Graduate Students. J. Creat. Ment. Health 2021, 16, 537–547. [Google Scholar] [CrossRef]

	



Giannakos, M.N.; Divitini, M.; Iversen, O.S.; Koulouris, P. Making as a Pathway to Foster Joyful Engagement and Creativity in Learning. In Proceedings of the Entertainment Computing—ICEC 2015, Trondheim, Norway, 29 September–2 October 2015; Chorianopoulos, K., Divitini, M., Baalsrud Hauge, J., Jaccheri, L., Malaka, R., Eds.; Springer International Publishing: Cham, Switzerland, 2015; pp. 566–570. [Google Scholar]

	



Glenn, T.; Ipsita, A.; Carithers, C.; Peppler, K.; Ramani, K. StoryMakAR: Bringing Stories to Life with an Augmented Reality & Physical Prototyping Toolkit for Youth. In Proceedings of the 2020 CHI Conference on Human Factors in Computing Systems; Honolulu, HI, USA, 25–30 April 2020, Association for Computing Machinery: New York, NY, USA, 2020; pp. 1–14. ISBN 978-1-4503-6708-0. [Google Scholar]

	



Park, E.J.; Kim, M.J. Visual Communication for Students’ Creative Thinking in the Design Studio: Translating Filmic Spaces into Spatial Design. Buildings 2021, 11, 91. [Google Scholar] [CrossRef]

	



Yijing, H. The Impact of Workspace Environment on Creativity and Innovation: Empirical Evidence from Makerspaces in China. Ph.D. Thesis, Iscte—University Institute of Lisbon, Lisbon, Portugal, 2021. [Google Scholar]

	



Sidawi, B. The Impact of Social Interaction and Communications on Innovation in the Architectural Design Studio. Buildings 2012, 2, 203–217. [Google Scholar] [CrossRef]

	



Rhodes, M. An Analysis of Creativity. Phi Delta Kappan 1961, 42, 305–310. [Google Scholar]

	



Kryssanov, V.V.; Tamaki, H.; Kitamura, S. Understanding Design Fundamentals: How Synthesis and Analysis Drive Creativity, Resulting in Emergence. Artif. Intell. Eng. 2001, 15, 329–342. [Google Scholar] [CrossRef]

	



Hughes, J. Meaningful Making: Establishing a Makerspace in Your School or Classroom. In What Works? Research into Practice (Research Monograph No. 68); Ontario Ministry of Education, Literacy Numeracy Secretariat: Toronto, ON, Canada, 2017. [Google Scholar]

	



Lavranos, C.; Kostagiolas, P.A.; Martzoukou, K.; Papadatos, J. Music Information Seeking Behaviour as Motivator for Musical Creativity: Conceptual Analysis and Literature Review. J. Doc. 2015, 71, 1070–1093. [Google Scholar] [CrossRef]

	



Torun, A.Ö.; Tekçe, I.; Esin, N. Teaching Creativity in Self-Organizing Studio Network: Implications for Architectural Education. Procedia Soc. Behav. Sci. 2011, 28, 749–754. [Google Scholar] [CrossRef]

	



Schmidt, S. In the Making: Open Creative Labs as an Emerging Topic in Economic Geography? Geogr. Compass 2019, 13, e12463. [Google Scholar] [CrossRef]

	



Culpepper, M.K.; Gauntlett, D. Making and Learning Together: Where the Makerspace Mindset Meets Platforms for Creativity. Glob. Stud. Child. 2020, 10, 264–274. [Google Scholar] [CrossRef]

	



Saorín, J.L.; Melian-Díaz, D.; Bonnet, A.; Carbonell Carrera, C.; Meier, C.; De La Torre-Cantero, J. Makerspace Teaching-Learning Environment to Enhance Creative Competence in Engineering Students. Think. Ski. Creat. 2017, 23, 188–198. [Google Scholar] [CrossRef]

	



Dede, C. Comparing Frameworks for 21st Century Skills. In 21st Century Skills: Rethinking How Students Learn; Solution Tree Press: Bloomington, IN, USA, 2010; pp. 51–76. [Google Scholar]

	



Sheffield, R.; Koul, R.; Blackley, S.; Maynard, N. Makerspace in STEM for Girls: A Physical Space to Develop Twenty-First-Century Skills. Educ. Media Int. 2017, 54, 148–164. [Google Scholar] [CrossRef]

	



Pitkänen, K.; Andersen, H.V. Empowering Teachers and New Generations through Design Thinking and Digital Fabrication Learning Activities. In Proceedings of the Conference on Creativity and Making in Education, Trondheim, Norway, 18 June 2018; ACM: New York, NY, USA, 2018; pp. 55–63. [Google Scholar] [CrossRef]

	



Hartikainen, H.; Cortés Orduña, M.; Käsmä, M.; Sánchez Milara, I.; Ventä-Olkkonen, L. Make4Change: Empowering Unemployed Youth through Digital Fabrication. In Proceedings of the FabLearn Europe/MakeEd 2021—An International Conference on Computing, Design and Making in Education, St. Gallen, Switzerland, 2 June 2021; ACM: New York, NY, USA, 2021; pp. 1–5. [Google Scholar] [CrossRef]

	



Marshall, D.R.; McGrew, D.A. Creativity and Innovation in Health Care: Opening a Hospital Makerspace. Nurse Lead. 2017, 15, 56–58. [Google Scholar] [CrossRef]

	



Thoring, K.C.; Mueller, R.M.; Desmet, P.M.A.; Badke-Schaub, P.G. Spatial Design Factors Associated with Creative Work: A Systematic Literature Review. Artif. Intell. Eng. Des. Anal. Manuf. 2020, 34, 300–314. [Google Scholar] [CrossRef]

	



Liberati, A.; Altman, D.G.; Tetzlaff, J.; Mulrow, C.; Gøtzsche, P.C.; Ioannidis, J.P.A.; Clarke, M.; Devereaux, P.J.; Kleijnen, J.; Moher, D. The PRISMA Statement for Reporting Systematic Reviews and Meta-Analyses of Studies That Evaluate Health Care Interventions: Explanation and Elaboration. J. Clin. Epidemiol. 2009, 62, e1–e34. [Google Scholar] [CrossRef]

	



Petticrew, M.; Roberts, H. Systematic Reviews in the Social Sciences: A Practical Guide; Blackwell Publishing: Oxford, UK, 2006. [Google Scholar]

	



Cohen, J. Statistical Power Analysis. Curr. Dir. Psychol. Sci 1992, 1, 98–101. [Google Scholar] [CrossRef]

	



Altman, D.G. Practical Statistics for Medical Research; CRC Press: Boca Raton, FL, USA, 1999. [Google Scholar]

	



Geist, M.J.; Sanders, R.; Harris, K.; Arce-Trigatti, A.; Hitchcock-Cass, C. Clinical Immersion an Approach for Fostering Cross-Disciplinary Communication and Innovation in Nursing and Engineering Students. Nurs. Educ. 2019, 44, 69–73. [Google Scholar] [CrossRef] [PubMed]

	



Hatzigianni, M.; Stevenson, M.; Falloon, G.; Bower, M.; Forbes, A. Young Children’s Design Thinking Skills in Makerspaces. Int. J. Child-Comput. Interact. 2021, 27, 100216. [Google Scholar] [CrossRef]

	



Lindtner, S. Hacking with Chinese Characteristics. Sci. Technol. Hum. Values 2015, 40, 854–879. [Google Scholar] [CrossRef]

	



Bers, M.U.; Strawhacker, A.; Vizner, M. The Design of Early Childhood Makerspaces to Support Positive Technological Development Two Case Studies. Libr. Hi Tech. 2018, 36, 75–96. [Google Scholar] [CrossRef]

	



Axup, J.; Thomas, A.; Waldman, A.; Faulkner, S.; Odman-Govender, C.; Leger, J.S.; Polka, J.; Gregg, M.; Johnson, B.D. The World of Making. Computer 2014, 47, 24–40. [Google Scholar] [CrossRef]

	



Beasley, C.; Parsons, E.; Pierce, M.; Baumgarten, S.; Neviera, A.; Banerjee, S.; Snow, T.; Diana, C.; Nakadate, N.; Satsangi, S. Passionate Projects: This Is What I Made. Computer 2014, 47, 42–54. [Google Scholar] [CrossRef]

	



Bowler, L. Creativity Through “Maker” Experiences and Design Thinking in the Education of Librarians. Knowl. Quest 2014, 42, 58–61. [Google Scholar]

	



Mandavilli, A. Appropriate Technology: Make Anything, Anywhere. Nature 2006, 442, 862–864. [Google Scholar] [CrossRef]

	



van Eck, N.; Waltman, L. Software Survey: VOSviewer, a Computer Program for Bibliometric Mapping. Scientometrics 2009, 84, 523–538. [Google Scholar] [CrossRef]

	



Dlodlo, N.; Beyers, R.N. The Experiences of South-African High-School Girls in a Fab Lab Environment. World Acad. Sci. Eng. Technol. 2009, 37, 423–430. [Google Scholar]

	



Trahan, K.; Romero, S.M.; Ramos, R.D.A.; Zollars, J.; Tananis, C. Making Success: What Does Large-Scale Integration of Making into a Middle and High School Look Like? Improv. Sch. 2019, 22, 144–157. [Google Scholar] [CrossRef]

	



Walan, S. The Dream Performance—A Case Study of Young Girls’ Development of Interest in STEM and 21st Century Skills, When Activities in a Makerspace Were Combined with Drama. Res. Sci. Technol. Educ. 2019, 39, 23–43. [Google Scholar] [CrossRef]

	



Abraham, A. Gender and Creativity: An Overview of Psychological and Neuroscientific Literature. Brain Imaging Behav. 2016, 10, 609–618. [Google Scholar] [CrossRef] [PubMed]

	



Li, Z.; Kim, E. Effects of Different Environment Combinations on the Comfort and Productivity of Researchers in Winter. Indoor Built Environ. 2022, 1420326X211073497. [Google Scholar] [CrossRef]

	



Cropley, D.H.; Cropley, A.J.; Kaufman, J.C.; Runco, M.A. The Dark Side of Creativity; Cambridge University Press: Cambridge, UK, 2010; ISBN 978-1-139-49007-8. [Google Scholar]

	



Bason, C. Leading Public Sector Innovation (Second Edition): Co-Creating for a Better Society; Policy Press: Bristol, UK, 2018; ISBN 978-1-4473-3625-9. [Google Scholar]

	



Beyers, R.N. Nurturing Creativity and Innovation Through FabKids: A Case Study. J. Sci. Educ. Technol. 2010, 19, 447–455. [Google Scholar] [CrossRef]

	



Fonda, C.; Canessa, E. Making Ideas at Scientific Fabrication Laboratories. Phys. Educ. 2016, 51. [Google Scholar] [CrossRef]

	



Fleischmann, K.; Hielscher, S.; Merritt, T. Making Things in Fab Labs: A Case Study on Sustainability and Co-Creation. Digit. Creat. 2016, 27, 113–131. [Google Scholar] [CrossRef]

	



Bieraugel, M.; Neill, S. Ascending Bloom’s Pyramid: Fostering Student Creativity and Innovation in Academic Library Spaces. Coll. Res. Libr. 2017, 78, 35–52. [Google Scholar] [CrossRef]

	



Georgiev, G.V.; Milara, I.S.; Ferreira, D. A Framework for Capturing Creativity in Digital Fabrication. Des. J. 2017, 20, S3659–S3668. [Google Scholar] [CrossRef]

	



Giannakos, M.N.; Divitini, M.; Iversen, O.S. Entertainment, Engagement, and Education: Foundations and Developments in Digital and Physical Spaces to Support Learning through Making. Entertain. Comput. 2017, 21, 77–81. [Google Scholar] [CrossRef]

	



Milara, I.S.; Georgiev, G.V.; Riekki, J.; Ylioja, J.; Pyykkonen, M. Human and Technological Dimensions of Making in FabLab. Des. J. 2017, 20, S1080–S1092. [Google Scholar] [CrossRef]

	



Noh, Y. A Study of the Effects of Library Creative Zone Programs on Creative Thinking Abilities. J. Librariansh. Inf. Sci. 2017, 49, 380–396. [Google Scholar] [CrossRef]

	



Roma, A.D.; Minenna, V.; Scarcelli, A. Fab Labs. New Hubs for Socialization and Innovation. Des. J. 2017, 20, S3152–S3161. [Google Scholar] [CrossRef]

	



Schuck, B.; Wainscott, S.B.; Church-Duran, J.; Del Bosque, D. Creating a Virtuous Circle of Student Engagement with the Tech Corner. J. Libr. Adm. 2017, 57, 517–547. [Google Scholar] [CrossRef]

	



Smith, T.S.J. Of Makerspaces and Hacklabs: Emergence, Experiment and Ontological Theatre at the Edinburgh Hacklab, Scotland. Scott. Geogr. J. 2017, 133, 130–154. [Google Scholar] [CrossRef]

	



Albala, L.; Bober, T.; Mallozzi, M.; Koeneke-Hernandez, L.; Ku, B. Design-Thinking, Making, and Innovating: Fresh Tools for the Physician’s Toolbox. Univ. J. Educ. Res. 2018, 6, 179–183. [Google Scholar] [CrossRef]

	



Li, M.; Fan, W.; Luo, X. Exploring the Development of Library Makerspaces in China. Inf. Discov. Deliv. 2018, 46, 127–135. [Google Scholar] [CrossRef]

	



Meyer, A.; Hansen, P.; Fourie, I. Assessing the Potential of Third Space to Design a Creative Virtual Academic Space Based on Findings from Information Behaviour. Inf. Res. 2018, 23, isic1814. [Google Scholar]

	



Zaugg, H.; Warr, M.C. Integrating a Creativity, Innovation, and Design Studio within an Academic Library. Libr. Manag. Bradf. 2018, 39, 172–187. [Google Scholar] [CrossRef]

	



Barrett, S.; Dousay, T.; Kerr, T.; Schmidt, L.; Gellis, B.; Ballard, J. Library and Student Innovation Center: MakerSpace! In Proceedings of the ASEE Annual Conference & Exposition, Salt Lake City, UT, USA, 23 June 2018. [Google Scholar] [CrossRef]

	



Stover, M.; Jefferson, C.; Santos, I. Innovation and Creativity: A New Facet of the Traditional Mission for University Libraries. Adv. Libr. Adm. Organ. 2019, 40, 135–151. [Google Scholar] [CrossRef]

	



Taheri, P.; Robbins, P.; Maalej, S. Makerspaces in First-Year Engineering Education. Educ. Sci. 2020, 10, 8. [Google Scholar] [CrossRef]

	



Hoople, G.D.; Mejia, J.A.; Hoffoss, D.; Devadoss, S.L. Makerspaces on the Continuum: Examining Undergraduate Student Learning in Formal and Informal Settings. Int. J. Eng. Educ. 2020, 36, 1184–1195. [Google Scholar]

	



Jalal, M.; Anis, H. The Integration of a Maker Program into Engineering Design Courses. Int. J. Eng. Educ 2020, 36, 1252–1270. [Google Scholar]

	



Skåland, G.; Arnseth, H.C.; Pierroux, P. Doing Inventing in the Library. Analyzing the Narrative Framing of Making in a Public Library Context. Educ. Sci. 2020, 10, 158. [Google Scholar] [CrossRef]

	



Tomko, M.; Newstetter, W.; Alemán, M.W.; Nagel, R.L.; Linsey, J. Academic Makerspaces as a Design Journey: Developing a Learning Model for How Women Students Tap into Their Toolbox of Design. Artif. Intell. Eng. Des. Anal. Manuf. 2020, 34, 363–373. [Google Scholar] [CrossRef]

	



Velicu, A.; Giannis, G. Dismantling the Products of Global Flows: A Model for a Children’s Global (Un)Makerspace. Glob. Stud. Child. 2020, 10, 289–303. [Google Scholar] [CrossRef]

	



Dittert, N.; Thestrup, K.; Robinson, S. The SEEDS Pedagogy: Designing a New Pedagogy for Preschools Using a Technology-Based Toolkit. Int. J. Child-Comput. Interact. 2021, 27, 100210. [Google Scholar] [CrossRef]

	



Enkin, E.; Tytarenko, O.; Kirschling, E. Integrating and Assessing the Use of a “Makerspace” in a Russian Cultural Studies Course: Utilizing Immersive Virtual Reality and 3D Printing for Project-Based Learning. CALICO J. 2021, 38, 103–127. [Google Scholar] [CrossRef]

	



Gurjar, N. The Italian Makerspace. Child. Educ. 2021, 97, 48–53. [Google Scholar] [CrossRef]

	



Lam, B.; Choi, Y.; Chen, X.; Ni, M.; de Sousa, S. Fostering Creativity through Co-Design and Making: Case Studies of Makerspaces in the UK. J. Des. Res. 2021, 19, 133–154. [Google Scholar] [CrossRef]

	



Santos, A.F.; Barber, I.D.; Harris, M.; Haymore, J. What Can Universities Learn from Organizational Creative Space Design Research? A Look at Maker Spaces. J. High. Educ. Theory Pract. 2021, 21, 47–62. [Google Scholar] [CrossRef]

	



Sawyer, R.K. The Dialogue of Creativity: Teaching the Creative Process by Animating Student Work as a Collaborating Creative Agent. Cogn. Instr. 2021, 1–29. [Google Scholar] [CrossRef]

	



Wu, Y.; Lu, C.; Yan, J.; Chu, X.; Wu, M.; Yang, Z. Rounded or Angular? How the Physical Work Environment in Makerspaces Influences Makers’ Creativity. J. Environ. Psychol. 2021, 73, 101546. [Google Scholar] [CrossRef]

	



Gantert, T.M.; Fredrich, V.; Bouncken, R.B.; Kraus, S. The Moral Foundations of Makerspaces as Unconventional Sources of Innovation: A Study of Narratives and Performance. J. Bus. Res. 2022, 139, 1564–1574. [Google Scholar] [CrossRef]

	



Huang, Y.; Ferreira, F.A.F.; He, Z. Impact of Workspace Environment on Creativity and Innovation: Empirical Evidence from a Makerspace in China. R&D Manag. 2022, 1–18. [Google Scholar] [CrossRef]

	



Richterich, A. “Forget about the Learning”? Technology Expertise and Creativity as Experiential Habit in Hacker-/Makerspaces. Cogent Educ. 2022, 9. [Google Scholar] [CrossRef]

	



Komarzyńska-Świeściak, E.; Adams, B.; Thomas, L. Transition from Physical Design Studio to Emergency Virtual Design Studio. Available Teaching and Learning Methods and Tools—A Case Study. Buildings 2021, 11, 312. [Google Scholar] [CrossRef]

	



García-Ruiz, M.-E.; Lena-Acebo, F.-J. FabLabs: The Road to Distributed and Sustainable Technological Training through Digital Manufacturing. Sustainability 2022, 14, 3938. [Google Scholar] [CrossRef]

	



Ocholla, D.N.; Ocholla, L. Readiness of Academic Libraries in South Africa to Research, Teaching and Learning Support in the Fourth Industrial Revolution. Libr. Manag. 2020, 41, 355–368. [Google Scholar] [CrossRef]

	



Slatter, D.; Howard, Z. A Place to Make, Hack, and Learn: Makerspaces in Australian Public Libraries. Aust. Libr. J. 2013, 62, 272–284. [Google Scholar] [CrossRef]

	



Cortés Orduña, M.; Sánchez Milara, I.; Kinnula, M.; Molin-Juustila, T.; Oikarinen, A.-M.; Riekki, J. Let’s Hear Children’s Voice. An Implementation of a Design Process Model to Understand Children’s Views on Tangible Interaction. In Proceedings of the Sixth International Conference on Design Creativity (ICDC 2020), Online, 26–28 August 2020; pp. 176–183. [Google Scholar] [CrossRef]

	



Bouwma-Gearhart, J.; Choi, Y.H.; Lenhart, C.A.; Villanueva, I.; Nadelson, L.S.; Soto, E. Undergraduate Students Becoming Engineers: The Affordances of University-Based Makerspaces. Sustainability 2021, 13, 1670. [Google Scholar] [CrossRef]

	



Lee, J.H.; Gu, N.; Ostwald, M.J. Creativity and Parametric Design? Comparing Designer’s Cognitive Approaches with Assessed Levels of Creativity. Int. J. Des. Creat. Innov. 2015, 3, 78–94. [Google Scholar] [CrossRef]

	



Corsini, L.; Moultrie, J. Design for Social Sustainability: Using Digital Fabrication in the Humanitarian and Development Sector. Sustainability 2019, 11, 3562. [Google Scholar] [CrossRef]

	



Soomro, S.A.; Barhoush, Y.A.M.; Gong, Z.; Kostakos, P.; Georgiev, G.V. Tools for Recording Prototyping Activities and Quantifying Corresponding Documentation in the Early Stages of Product Development. Proc. Des. Soc. 2021, 1, 3159–3168. [Google Scholar] [CrossRef]

	



Soomro, S.A.; Georgiev, G.V. A Framework to Analyse Digital Fabrication Projects: The Role of Design Creativity. In Proceedings of the Sixth International Conference on Design Creativity (ICDC 2020), Oulu, Finland, 26–28 August 2020; pp. 367–374. [Google Scholar] [CrossRef]

	



Sanders, E.B.-N.; Stappers, P.J. Co-Creation and the New Landscapes of Design. CoDesign 2008, 4, 5–18. [Google Scholar] [CrossRef]








[image: Buildings 12 00804 g001 550] 





Figure 1. Flow diagram of literature review. 
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Figure 2. Occurrence of frequent words and clusters (Note: “hand” represents hands-on learning). 
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Table 1. Search criteria.
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	Search String
	(“Fab Lab” OR Fablab* OR “Maker Space” OR Makerspace*) AND Creativity





	Databases
	Scopus, Web of Science, EBSCOhost (Academic Search Ultimate), ProQuest, ACM digital library



	Document Type
	Journal articles



	Searched in
	Title, abstract, and keywords only



	Language
	English



	Last update
	4 June 2022
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Table 2. Identified clusters and themes.
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	Theme No.
	Cluster
	Theme
	Label





	1
	Red
	Technological and physical environmental aspects of makerspaces in the context of creativity
	Physical environment and technology



	2
	Yellow
	Use of makerspaces in learning environments such as academic and public libraries to offer creative built environments to users
	Learning environment



	3
	Purple
	Person-focused studies examining the use of makerspaces for creative and technical skill development
	Person-focused studies



	4
	Green
	Use of makerspaces in undergraduate courses, particularly in engineering programs aimed at skill development and the generation of creative products
	Hands-on learning in higher education



	5
	Blue
	Use of makerspaces for primary and secondary education focusing on STEM learning and skills development
	Learning and skills development in STEM education
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Table 3. Literature review summary classified into year, themes, and creativity aspects.
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Year

	
Theme

	
Creativity

	
Author(s),

Reference




	
Physical Environment and Technology

	
Learning Environments

	
Person-Focused Studies

	
Hands-on Learning in Higher Education

	
Learning and Skills Development in STEM

Education

	
Person

	
Environment (Physical/Social)

	
Process

	
Product

	
Collaboration






	
2009

	

	

	
X

	

	

	

	
X

	
X

	

	

	
Dlodlo & Beyers, [54]




	
2010

	

	

	

	

	
X

	

	
X

	
X

	

	

	
Beyers, [61]




	
2014

	

	

	

	
X

	

	
X

	
X

	
X

	

	

	
Forest et al. [6]




	
2015

	
X

	

	

	

	
X

	

	
X

	
X

	

	

	
Bevan et al. [16]




	
2016

	

	

	

	

	
X

	

	

	
X

	

	

	
Fonda & Canessa, [62]




	
X

	

	

	

	

	

	

	

	
X

	
X

	
Fleischmann et al. [63]




	
2017

	

	
X

	

	

	

	
X

	
X

	

	

	

	
Bieraugel & Neil, [64]




	
X

	

	

	

	

	

	
X

	
X

	

	

	
Georgiev et al. [65]




	
X

	

	

	

	

	

	
X

	

	

	
X

	
Giannakos et al. [66]




	

	

	

	
X

	

	

	

	
X

	
X

	

	
Marshall & McGrew, [39]




	

	

	

	

	
X

	

	
X

	
X

	

	

	
Milara et al. [67]




	

	
X

	

	

	

	

	
X

	
X

	

	

	
Noh, [68]




	
X

	

	

	

	

	

	

	
X

	
X

	
X

	
Roma et al. [69]




	

	
X

	

	

	

	

	
X

	
X

	

	

	
Schuck et al. [70]




	

	

	

	
X

	

	
X

	

	

	

	

	
Saorin et al. [34]




	

	

	
X

	

	

	

	

	
X

	

	

	
Sheffield et al. [36]




	
X

	

	

	

	

	

	
X

	

	

	

	
Smith, [71]




	
2018

	

	

	

	
X

	

	

	
X

	
X

	

	

	
Albala et al. [72]




	

	
X

	

	

	

	

	
X

	

	

	

	
Li et al. [73]




	
X

	

	

	

	

	

	
X

	
X

	

	

	
Meyer et al. [74]




	

	
X

	

	

	

	

	
X

	

	

	

	
Zaugg & Warr, [75]




	
2019

	
X

	

	

	

	

	
X

	

	
X

	

	

	
Barrett et al. [76]




	

	

	

	
X

	

	

	

	
X

	
X
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