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Abstract

This doctoral dissertation generates new knowledge about distributed leadership and col-
lective innovation practices in a primary school makerspace. Several educational policy
documents have called for students’ leadership and innovation skills in basic education to
be promoted. Concurrently, it has been argued in research that makerspaces hold great
potential in answering such calls, and schools across the globe have been introducing mak-
erspaces in their educational programs. However, research to date has neglected leadership
and innovation practices in school makerspace contexts. Based on previous research, the
dissertation argues that the dynamics of leadership are shifted in makerspaces as students
gain more opportunities to influence their learning activities. The dissertation also posits
that the opportunities to take leadership promotes students’ opportunities to innovate.

The dissertation consists of three original research articles. The first two focus on leader-
ship and conceptualize it as a social process involving negotiations between multiple indi-
viduals. The first article unravels the social dynamics of distributing leadership between
teachers and students in the makerspace. The second article examines how students influ-
ence their peers and negotiate leadership during collaborative making activities. The article
provides enlightenment about the consequences of socially emergent leadership for crea-
tive collaboration. The third article explains how teachers’ and students’ recurring actions
construct collective innovation practices that support students’ learning to innovate. The
study highlights how the makerspace context allows the development of such practices.

Video and interview data that were gathered over one academic year at two Finnish primary
schools were used in the dissertation. A narrative approach was used to analyze the teacher
interviews. The analysis considered the stories told by teachers to describe the dynamics of
distributing leadership between them and their students. The analysis of the video data
used interaction analysis and video data analysis to unravel how the students’ and teachers’
interactions took part in constructing distributed leadership and innovation practices.
Overall, the analyses were guided by a sociocultural understanding of leadership and inno-
vation practices as socially situated phenomena. The analyses thus considered how the
makerspace context (i.e., the space, materials, and individuals) mediated the participants’
actions. The role of historical and institutional contexts in leadership and innovation prac-
tices was also considered.

The results highlight that teacher-led, student-led, and distributed leadership practices co-
existed in the makerspace. Although the makerspace context provided opportunities for
students’ leadership and innovation practices, the students’ needed their teachers’ support
in taking part in such practices. The dissertation highlights that the creative and open-
ended projects and collective interaction as salient aspects of learning in makerspaces, en-
abled leadership and innovation practices to develop and promoted the students’ learning
to lead and to innovate. The sociocultural approach of this study showed that the leadership
and innovation practices were mediated by the pedagogical and physical setting of the



makerspace, the participants’ histories, and their expectations for the future. Specifically,
the pedagogical setting provided room for the students’ imagination and creative engage-
ment, fostering leadership and innovation practices. Access to leadership and innovation
practices were mediated by using the available materials. The participants’ past experiences
of formal schooling, their current experiences, and their aspirations for the future posed
opportunities and tensions for distributed leadership and innovation practices.

The dissertation contributes to a growing understanding of the educational potential of
makerspaces to foster the development of distributed leadership and innovation practices.
The dissertation shows that taking part in leadership and innovation practices can promote
students' learning of leadership and innovation skills needed in the 215t century. However,
the sociocultural approach revealed that it demands collective efforts from students and
teachers to learn how to distribute leadership and innovate in the formal school context of
the makerspace. The results inform pedagogical practice in school makerspaces and in
teacher training by showing how the teachers’ orientation plays a pivotal role in leadership
and innovation practices.

Keywords: leadership, innovation, makerspace, primary school, sociocultural theory
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1 Introduction

Over recent years, there has been a significant rise in the uptake in the number
of makerspace learning environments in schools nationally (Juurola & Wirman,
2019; Kumpulainen et al., 2020) and globally (Halverson & Sheridan, 2014; Martin
& Dixon, 2016; Peppler et al., 2016b). This is due to the growing understanding of
the importance of providing students with opportunities to develop themselves as
individual beings and empowering them to become authors of their learning
(Biesta, 2020). Recent research on learning environments that foster students’ per-
sonal and creative engagement in learning has shown that allowing students to take
ownership of their projects and encouraging them to self-regulate their activities
can have a positive effect on their motivation, participation, and learning in formal
school environments (Fields et al., 2018; Halverson & Sheridan, 2014; Sedlacek &
Sedova, 2020). In makerspaces students are offered a variety of creative activities,
ranging from traditional arts and crafts to working with novel technologies (Hsu et
al., 2017). Students are invited to make personal sense of the creative activities, to
explore and tinker with their projects, and to engage in community interaction by
sharing their projects with others (Brahms & Crowley, 2016). Previous research
posits that making can provide a pathway to foster students using their personal
skills and expertise in the various learning activities and expressing their learning
through the act of creating tangible or digital artifacts (Dougherty, 2012). Making
can also provide access to tools and technologies to students who are typically un-
derrepresented in particular fields (Halverson & Sheridan, 2014).

As makerspaces have been increasingly introduced in formal educational con-
texts, they have attracted research attention in recent years (Rouse & Rouse, 2022).
It has often been argued that meta-disciplinary skills (such as 21st century skills)
are one of the more important things learned in makerspaces (Dougherty, 2016;
Ramey, 2017). Consequently, previous research on school makerspaces has focused
on themes such as students’ knowledge and knowledge creation, student agency,
and equality and inclusivity in makerspaces (Rouse & Rouse, 2022). Yet, meta-dis-
ciplinary skills such as leadership and innovation skills have received limited re-
search attention. There are several 21st century skill frameworks with varying em-
phases on specific skills, but many of these frameworks highlight leadership
(Chalkiadaki, 2018) and innovation skills (European Commission, 2019; Vincent-
Lancrin et al., 2019) as being important to ensure success in the 21st century. Such



frameworks stress that schools should provide students with opportunities to enact
their self-motivations, take initiative, and make decisions (Binkley et al., 2012;
Chalkiadaki, 2018). Moreover, to innovate, students should learn how to
acknowledge problems, critically reflect on various perspectives and to mobilize re-
sources — including people and things — to tackle emerging problems (European
Commission, 2019; Marin-Garcia et al., 2016; Vincent-Lancrin et al., 2019). Taken
together, to lead and to innovate, students need to learn how to influence others
and their environment in a variety of situations and for different purposes (Binkley
etal., 2012).

Previous research has suggested that makerspaces have the potential to create
opportunities for students to take leadership and to innovate. Whereas school
learning is typically based on linear pedagogy with pre-established goals and con-
tent, educational activities in makerspaces demand nonlinear pedagogical ap-
proaches due to the fundamental nature of making, in which the process and out-
comes of activities are on many occasions unknown or unexpected prior to the ac-
tivity (Kajamaa et al., 2020; Riikonen et al., 2020). It might therefore be culturally
challenging to introduce makerspace activities in school settings that align with its
non-linear approach.

Furthermore, nonlinear pedagogical approaches empower students to take con-
trol over their educational activities (Holbert, 2016; Laurell et al., 2021), which
changes the traditional classroom dynamics between students and teachers. For in-
stance, students are expected to make choices over their projects, including what,
where, how, and with whom to work with (Kariippanon et al., 2018). Setting goals
for individual and joint work, developing strategies for activities, and reciprocal so-
cial scaffolding (i.e., requesting help and helping others) are salient dimensions of
learning in makerspaces (Wilkinson et al., 2016). Typical learning projects in mak-
erspaces also allow and require students and teachers to share and build new
knowledge collectively (Kajamaa et al., 2020; Kajamaa et al., 2018; Martin, 2015).
Consequently, students have opportunities to take a variety of roles (Heath, 2012;
Sheridan et al., 2013), as learners, experts, or leaders depending on their knowledge
and skills related to a specific project (Leskinen et al., 2021; Leskinen, 2022; Sher-
idan et al., 2013; Vossoughi & Bevan, 2014). As students are offered opportunities
to engage in personal learning projects and to take more leadership over their ac-
tivities, students also have opportunities to innovate (Gantert et al., 2022). The stu-
dents’ options to deviate from their established social roles can particularly enhance
the construction of community knowledge (Oswald & Zhao, 2021), the exchange of
ideas, information, and resources, promoting innovative outcomes (Beltagui et al.,
2021). In addition, students’ access to rich social, technological, and other material
resources can encourage them to innovate (Gantert et al., 2022). Making also fos-
ters participants’ socialization, experimentation, and play, which can promote in-
novation (Halbinger, 2018).



Learning to take leadership and to innovate are pivotal for working in today’s
knowledge society (Ananiadou & Claro, 2009). Moreover, 21st skills are not just
competencies required to enter today’s workforce, but they are pivotal for individ-
uals’ capacities to learn throughout their life. In turn, lifelong learning can enhance
one’s feeling of fulfillment when entering the world not only as workers and experts,
but also as citizens (European Commission, 2019). Opportunities to take the lead
and to innovate can promote one’s ability to persist through challenges and feel en-
couraged when facing emerging problems, which contributes to one’s social-emo-
tional competence (Regalla, 2016). Moreover, opportunities to take leadership and
to innovate can enhance the ability to see themselves in relation to others (Davies,
2006). Specifically, students can learn how to know and recognize roles in joint
work, to locate and leverage their individual strengths and the strengths of others,
be open and responsive to new and diverse perspectives, and to use influence and
power in an ethical way (Binkley et al., 2012). Providing opportunities to lead also
promotes students’ competence to act in the future (Hasslof & Malmberg, 2015). To
tackle current and future societal, economic, and environmental challenges, society
demands individuals who are capable of participating in the creation of innovations
(Bocconi et al., 2012; OECD, 2019). Basic education has to promote students’ learn-
ing to communicate, share and use various types of information, and to innovate as
circumstances change and new demands arise (Binkley et al., 2012).

Taken together, several policy documents stress that students need to acquire
leadership and innovation skills while participating in basic education. Concur-
rently, available research knowledge posits that makerspaces hold great potential
in answering such calls (Dougherty, 2012; Halverson & Sheridan, 2014). Despite
this understanding, research to date has neglected leadership and innovation prac-
tices in school makerspace contexts. Moreover, it has been argued that makerspaces
would create physical, mental, and social conditions to foster students learning to
lead and to innovate (see Dougherty, 2016; Gantert et al., 2022). Yet, research
knowledge about how such conditions are created in practice remains limited. As
makerspaces are increasingly implemented in Finnish schools (Juurola & Wirman,
2019), it has become crucial to understand the development of such conditions. It
is known that more open learning environments, such as makerspaces, can pose
multidimensional demands and tensions for teacher-student interactions (Kajamaa
et al., 2020) and to student-student interactions (Leskinen et al., 2021) in formal
educational contexts (see also Dougherty, 2012). Therefore, the core aim of my doc-
toral dissertation is to provide research knowledge about the conditions that can
foster (or challenge) students’ leadership and innovation activities in a school mak-
erspace.

The doctoral thesis consists of three original research articles that focus on the
following phenomena: Study I focuses on the ways in which students and teachers
collaborate to distribute leadership — that is how they coordinate their work and



decision making in the makerspace (Gumus et al., 2018; Ho & Ng, 2017). Study II
unravels students’ daily interactions that constitute their emergent leadership.
Study II also highlights the opportunities and tensions in socially emergent leader-
ship practices. Study III explains how students and teachers collectively construct
practices that foster students’ learning to innovate. Moreover, Study III discloses
some of the underlying mechanisms in makerspaces that are conducive for such
innovation practices. Sociocultural theorizing was applied in all three studies. The
theoretical lens, depicted in Chapter 2, guided my understanding of leadership and
innovation practices as socially situated phenomena. Specifically, the analyses of
leadership and innovation practices considered the ways in which actions were me-
diated by the makerspace environment, including its tools, materials, and individ-
uals (Vygotsky & Cole, 1978). The studies also consider the role played by cultural,
historical, and institutional contexts in leadership and innovation practices
(Wertsch, 2007).

In chapter 3, I describe the three studies in more detail. Sections 3.1 and 3.2 are
dedicated to the study objectives and research questions. In Section 3.3, I introduce
the FUSE Studio makerspace (Stevens et al., 2018), in which video and interview
data were collected over one academic year, to trace leadership and innovation
practices. In Sections 3.4 and 3.5, I explain the methodological approach and pre-
sent the analysis methods used in my dissertation. Specifically, I explain how the
narrative analysis (Study I), interaction analysis (Study II), and video data analysis
(VDA) (Study III), brought important knowledge about the dynamics and conse-
quences of distributed leadership, students’ emergent leadership, and collective in-
novation practices in a school makerspace. The results presented in Chapter 4 and
discussed in Chapter 5, shed light on some of the mechanisms of the FUSE Studio
that enable (and require) leadership and innovation practices to develop. The re-
sults also demonstrate that the learning activities in the FUSE Studio contribute to
students’ learning leadership and innovation skills. By bringing out the social prac-
tices related to leadership and innovations, the results show how the social practices
have consequences for students’ access to learning these important skills. Finally,
the results shed light on some pedagogical practices that can help develop and sus-
tain productive leadership and innovation practices in school makerspaces and
other learning environments alike.



2 Key Concepts

Within this chapter, I define the key concepts of my dissertation: distributed
leadership, emergent leadership, and innovation practices. I begin the subsections
by reviewing previous research on distributed leadership, emergent leadership, and
activities that support innovation creation in makerspaces. Based on this previous
research, I explain how the key concepts are used to examine the three phenomena
in the school makerspace context. Finally, I explain how sociocultural theorizing
directed my thinking and using the key concepts of this study.

2.1 Distributed leadership

In this PhD dissertation leadership is conceptualized and understood as being
distributed between individuals. Existing conceptualizations of distributed leader-
ship presuppose that not only those in formal leadership roles hold and exercise
leadership, but that influence and agency (i.e., leadership) can be widely shared
within a community (Harris & DeFlaminis, 2016). The concept of distributed lead-
ership has been widely used in the field of educational research (Harris &
DeFlaminis, 2016; Spillane & Orlina, 2005), mainly to examine and explain teach-
ers’ decision-making at school (Gumus et al., 2018). Although definitions of distrib-
uted leadership often emphasize that leadership should be distributed between all
stakeholders at all levels of the school (Gronn, 2002), research about distributed
leadership in schools has so far focused on staff communities, including teachers
and principals, neglecting communities comprised of teachers and students (see
e.g., Gumus et al., 2018; Hartley, 2010).

Makerspaces in principle challenge the traditional roles of teachers and students
and shift the dynamics of leadership from more teacher-led pedagogical approaches
to student-led ones. This is because students have access to various learning pro-
jects, with opportunities and responsibilities to make choices about what to work
on and how to proceed with the chosen projects and who to collaborate with (Kariip-
panon et al., 2018). The teacher is also no longer viewed as the sole expert of learn-
ing activities, but knowledge and expertise are more widely shared within a com-
munity of teachers and students. At the same time, research in makerspaces has
shown that students need their teachers’ support to pursue maker activities and en-
gage in learning (Kajamaa et al., 2020), suggesting that more student-led and



teacher-led approaches co-exist in makerspaces. Therefore, students and teachers
need to have the opportunities to take part in decision making, ideate, and share
their expertise together (Gumus et al., 2018).

Previous research has stated that distributed leadership is an outcome of emer-
gent and dynamic interactional processes among individuals (Gronn, 2000; Ho &
Ng, 2017). These interactional processes require individuals to collaborate to coor-
dinate work and decision-making (Gumus et al., 2018). According to Gronn (2002),
central to distributed leadership is that labor is divided between multiple individu-
als. This division of labor essentially consists of two dimensions: technical and so-
cial dimensions of labor division. Specifically, individuals need to negotiate the
tasks to be worked on and how everyone can contribute to the completion of those
tasks (technical). They simultaneously need to negotiate individual values, inter-
ests, and preferences for how certain tasks are to be completed (social dimension).
Further, previous research about distributed leadership has posited that distributed
leadership emerges in situated agency-structure dynamics, in which the process of
distributing leadership is influenced and shaped by the activity of individuals and
the social and material context within which the leadership activity arises (Gronn,
2000; Spillane & Orlina, 2005). Leadership activities within these social and mate-
rial structures can either reproduce or transform existing power relations among
actors (Gronn, 2000; Harris & DeFlaminis, 2016).

Leadership can also occur at many levels simultaneously (Gronn, 2002). Con-
ceptualizations of distributed leadership do not place more emphasis on certain
forms of leadership, but rather they acknowledge that all members of a community
may be leaders at varying points across time (Wenger, 2010). Following Hairon &
Goh (2015), in my doctoral research I centralized bounded empowerment in per-
ceiving distributed leadership between teachers and students in a makerspace. Ac-
cording to these researchers, bounded empowerment means that not all control
over decisions is relinquished to the students. Teachers still hold formal authority
over the students but attempt to encourage students to take more ownership and
responsibility for their learning activities. Although acknowledging the boundaries
of leadership distribution, Wenger (2010) proposes that distributed leadership can
lead to conjoint agency, in which individuals influence others and are reciprocally
influenced by these others. Achieving conjoint agency through distributed leader-
ship promotes individuals in being aware of their personal aspirations, the aspira-
tions of others, and it promotes individuals in synchronizing their actions (Gronn,
2002). At best, attaining conjoint agency can strengthen the way individuals are
able to synergize their efforts, goals, and resources for the good of the group or com-
munity (Gronn, 2002).

All things considered, I posit that the way learning is organized in makerspaces
supports leadership, and to an extent requires it to be distributed between teachers
and students. Previous research has also pointed out that allowing students to make



choices and take leadership of their learning activities can positively affect their
participation and motivation (Fields et al., 2018; Halverson & Sheridan, 2014). In
addition, it can lead to more meaningful learning experiences (DiGiacomo et al.,
2020) and promote students in pursuing their interests, organizing their own learn-
ing, and cultivating new interests and learning in particular science, technology,
engineering, arts, and mathematics (STEAM) fields (Ramey & Stevens, 2019). De-
spite the opportunities and benefits of distributed leadership in makerspaces, this
aspect of school makerspaces has so far remained under-researched. I acknowledge
that students do not automatically take up leadership in makerspaces, which in turn
would lead to distributed leadership (Mulcahy et al., 2015). I also recognize that the
teacher still holds a central role in students’ making activities (Rajala & Kum-
pulainen, 2017). It can even be quite difficult for teachers to find ways to empower
students to take responsibility and control over their work (Liu et al., 2021). Hence,
the shifts in the social dynamics of school makerspaces bring new opportunities and
tensions to existing school practices (Martin, 2015). However, tensions and oppos-
ing forces such as dissent and consent can be an important source for developing
distributed leadership practices and enhancing collective learning (Kajamaa & Tu-
unainen, 2022). Therefore, being one of the first studies to use the concept of dis-
tributed leadership to examine joint leadership practices of teachers and students,
my PhD dissertation will add important knowledge of the dynamics, efforts, and
consequences of distributed leadership in a school makerspace.

2.2 Interactionally constituted, emergent leadership

Asnoted in Section 2.1, I understand leadership as an interactionally constituted
social process, involving multiple individuals. The above-described research that
specifically investigates distributed leadership in school contexts, has so far focused
on leadership of adults in school communities. However, there is a body of research
that has explored children’s leadership, particularly children’s emergent leadership
in early education and school contexts. This body of research argues that when chil-
dren play or work in groups, some individuals emerge to lead the group (e.g., Maw-
son, 2011; Yamaguchi, 2001). These individuals are generally described as someone
who becomes influential or relevant to others (Badura et al., 2021). They take an
active role in the group to influence the behavior of others (Pescosolido, 2001) by
taking actions that matter to the others in the group (Badura et al., 2021).

Studies analyzing leadership emergence have been conducted in various early
years educational contexts (Lee et al., 2005; Mawson, 2011; Mullarkey et al., 2005)
and in multiple school learning settings, including collaborative mathematical
problem-solving (Mercier et al., 2014; Yamaguchi, 2001), collaborative reasoning
discussions (Li et al., 2007; Sun et al., 2017), and educational online environments
(Siewiorek et al., 2012). In early years’ educational contexts, children have exhibited



leadership by directing play themes or their conduct (Lee et al., 2005; Mawson,
2011; Mullarkey et al., 2005). Similarly, studies in the various school contexts have
shown that students’ emergent leadership comprises managing the roles and tasks
of others and monitoring group work (Li et al., 2007; Sun et al., 2017; Yamaguchi,
2001), managing the routines of group activities, and generally controlling the di-
rection of group work (Kantor et al., 1993; Mawson, 2011; Yamaguchi, 2001). Emer-
gent leaders also appeared to reflect a high awareness of the group activity and
showcased a sense of ownership over it (Pescosolido, 2002; Shin et al., 2004).

Common to all these studies is that leadership appears to be a relational con-
struct that emerges in interactions between multiple individuals (Gronn, 2000;
Shin et al., 2004). During this social process, certain individuals make active at-
tempts to influence group activity (Li et al., 2007; Mercier et al., 2014; Sun et al.,
2017). More specifically, in learning settings in which no formal group leader is ap-
pointed, some students actively bid to take responsibility and initiative over the
group work (Li et al., 2007). These bids, also called leadership moves, have a con-
tributory role in the socially situated leadership process (Li et al., 2007; Mawson,
2011; Sun et al., 2017). Moreover, the leader’s role is legitimized by other students
by interaction that follows the bids to take the lead (i.e., leadership moves) (Li et
al., 2007). The legitimization of leadership through following leadership moves can
happen either implicitly or explicitly (Badura et al., 2021). These leadership moves
not only construct evolving roles of emergent leaders, but they have a pivotal impact
on the process and outcomes of group work (Li et al., 2007; Mercier et al., 2014;
Sun et al., 2017). This is because leadership research points to the fact that leader-
ship centrally contributes to the structuring of group work and driving its direction,
in turn affecting students’ opportunities to learn (Li et al., 2007; Sun et al., 2017;
Yamaguchi, 2001).

The studies that have specifically focused on students’ leadership moves show
that the moves can impact group work intellectually and emotionally. In their study
in a collaborative reasoning discussion context, Li et al. (2007) found that students’
leadership moves can control which topics are discussed and promote the develop-
ment of group members’ arguments. Adding to this understanding of the intellec-
tual importance of emergent leaders, Mercier et al. (2014) found moves that intro-
duced new ideas during group work, which drove the group forward intellectually.
Similarly, Sun et al. (2017) found that in addition to proposing new solutions, emer-
gent leaders made attempts to justify their own or their peers’ solutions. Their study
also highlighted the emergent leaders’ role in integrating the various perspectives
of group members and reaching consensus among group members. Further, emer-
gent leaders are responsible for allocating tasks within the group, which in turn can
pivotally mediate individuals’ opportunities to participate in joint work (Li et al.,
2007). Reaching consensus during group work and members’ equal capacity to par-
ticipate are features that have been acknowledged as being important for productive



collaboration (see e.g., Barron, 2003). This highlights the important role of emer-
gent leadership for collaborative productivity. From an emotional perspective, Pes-
cosolido’s (2001) study showed that emergent leaders can manage the group’s emo-
tional state, by affecting group members’ perceptions of their abilities to succeed in
the group task. Based on their study, Sun et al. (2017) also argued that emergent
leaders can enhance the group’s positive emotional state by using leadership moves,
which carry an inclusive tone, respectful attitude to others, and open-mindedness
to alternative perspectives.

Similarly with the conceptualizations of distributed leadership, the studies on
children’s and students’ leadership posit that emergent leaders can change over
time and leadership can be distributed and shared between group members (e.g.,
Lee et al., 2005; Volet et al., 2017; Yamaguchi, 2001). Leadership moves and the
extent to which they are followed by others are negotiated in situ, and thus, I con-
ceptualized emergent leadership as an outcome of emergent and dynamic interac-
tional processes (Gronn, 2000; Ho & Ng, 2017). Highlighting the central role of ne-
gotiation in this process, Badura et al. (2021) argue that group members’ percep-
tions of who is leading the group work may vary between individuals. Further, an
individual can emerge as a leader, even without all group members granting lead-
ership to them.

The social processes connected to leadership are often complex and can emerge
in tension-laden social dynamics. Despite the many opportunities, students’ initia-
tives to take leadership might meet material or social resistance from the environ-
ment in which they act (Biesta, 2020). For instance, Yamaguchi’s (2001) study from
a primary school setting showed that sometimes one leader can emerge to dominate
group work by overpowering the contributions of others. Dominant emergent lead-
ers can ignore other members, reject alternative ideas, and physically control equip-
ment that is to be used in a shared task (Buchholz et al., 2014). Such domination
can lead to ineffective communication between group members and threaten col-
laboration (see also Barron, 2003). In contrast, sharing leadership within a group
can enhance prosocial leadership and group productivity, and hence can be of ben-
efit to collaborative learning (Yamaguchi, 2001). According to Volet et al. (2017) the
more flexibly students can alternate between leading and following, the more ad-
vanced their collaboration will be, and the more productive the students will be-
come. In addition, when students are oriented towards learning new skills together,
it often advances democratic engagement and promotes students’ engagement in
collaborative activities (Yamaguchi, 2001).

Overall, recent research has clearly shown that emergent leadership can posi-
tively affect group interaction and learning (Sun et al., 2017; Yamaguchi, 2001).
Moreover, Yamaguchi and Maehr (2004) argue that understanding emergent lead-
ership in student groups is critical for understanding how groups become effective
and achieve their goals. Recent research has shown that students who emerge as



leaders are more likely to engage in learning (Sedlaéek & Sedova, 2020) and lead-
ership can also positively affect other group members’ engagement in joint learning
situations (Leeming, 2019). Despite the acknowledgement of the importance of un-
derstanding students’ leadership, empirical research that specifically focuses on so-
cial interactions and processes that constitute emergent leadership have so far been
limited (Badura et al., 2021). In addition, most of the studies that focus on emergent
leadership have been conducted in structured collaborative settings in which group
composition, tasks, and goals have been pre-defined by teachers or researchers. Yet,
there is research evidence that shows that leadership can be an important feature
of open-ended making activities, affecting students’ opportunities to participate
and engage in learning-by-making in educational settings (Buchholz et al., 2014).
As makerspaces are increasingly implemented in formal education, it has become
imperative to gain research understanding about the processes and consequences
of emergent leadership in school makerspace settings. My dissertation will thus
contribute to a growing understanding of the meaning and consequences of stu-
dents’ emergent leadership for students’ learning activities in school makerspaces.

2.3 Innovation practices in makerspaces

As argued above, students’ opportunities to take authority and leadership of
their learning, work on personally meaningful projects, and engage in learning
based on individual interests are fundamental aspects of school makerspaces
(DiGiacomo et al., 2020; Peppler et al., 2016b). According to previous research,
these opportunities also increase students’ opportunities to innovate (Gantert et al.,
2022). Students’ opportunities to gain more autonomy over their work at school can
promote their agency (Clapp et al., 2016), and even transformative agency, which
can encourage students to transform their learning activities and contexts to better
fit their personal aspirations (Kajamaa & Kumpulainen, 2019). Inevitably, such op-
portunities increase students’ options to pursue innovative ideas. Furthermore, in
their study conducted in an educational makerspace, Hilppé and Stevens (2021)
contended that appreciating students’ own choices in circumstances in which stu-
dents have access to rich tangible and digital resources can create fruitful conditions
for innovative learning projects. Similarly, Gantert et al. (2022) proposed that a so-
cial climate that supports the use of makerspace’s rich technological and other re-
sources is key in creating the innovative potential of makerspaces.

As I described in Section 2.1 Distributed leadership, makerspaces alter the tra-
ditional teacher-student dynamics, in which teachers are considered to be experts
and those responsible for planning students’ learning activities and their organiza-
tion. In makerspaces, students have increased opportunities to shape their activi-
ties, and expertise is understood as being shared among teachers and students
(Kajamaa et al., 2020; Stevens et al., 2018). Further, Stevens et al. (2018) argue that
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a core aim of makerspaces is that students gain opportunities to develop their ex-
pertise across STEAM disciplines further, as they are given opportunities to make
interest-based choices in maker projects. Students’ options to employ their personal
expertise enables them to act as mentors and tutors to their peers, and conse-
quently, to deviate from their established social roles (Sheridan et al., 2013). In
turn, this can contribute to a brisk exchange of ideas, information, and resources
(Beltagui et al., 2021), to building community knowledge (Oswald & Zhao, 2021),
and to creating an innovative culture (Farritor, 2017) — all pivotal aspects of inno-
vation creation.

Research about makerspaces and innovation creation often emphasizes the im-
portance of the community aspects of makerspaces and its meaning for partici-
pants’ actions and learning. Specifically, previous research posits that participants’
sense of community can promote collaboration (Gantert et al., 2022; West & Han-
nafin, 2011), which is understood as being pivotal for innovative outcomes (Gantert
et al., 2022; Halbinger, 2018; Vinodrai et al., 2021). A frequent form of collabora-
tion in makerspaces is peer collaboration, which is supported by social companion-
ships and tutoring and mentoring practices typical for makerspaces (Gantert et al.,
2022). In addition to peer collaboration, the social setting in educational mak-
erspaces can encourage teachers to collaborate. Teacher collaboration, including
co-teaching practices, can promote teachers’ ability to notice students’ needs and
encourage teachers to learn from one another, which contributes to teachers’ ability
to support their students on creative tasks (Jaatinen & Lindfors, 2019). Appreciat-
ing multiple sources of knowledge and expertise can also contribute to fruitful
forms of teacher-student collaboration (Chng et al., 2022; Kajamaa et al., 2020).
For instance, collaboration between students and teachers can allow the exploration
of unknown aspects of projects, which can lead to innovative outcomes (Chng et al.,
2022). The research discussed here thus shows that compared to more traditional
learning environments, makerspaces can promote various forms of collaboration,
each of which promises to support students’ engaging in innovation creation in
school makerspaces.

Collaboration in makerspaces can reflect more traditional forms of collaboration
in which the group composition remains the same for longer periods of time (Kaja-
maa & Kumpulainen, 2019; Leskinen et al., 2021; Wright et al., 2021). It can also
display divergent forms of collaboration, in which students work on separate pro-
jects, but gather together at times to collaborate in tackling emerging issues in their
maker projects (Chng et al., 2022; Martin, 2015). Such momentary collaborations
can allow participants to support each other’s work and thinking and model strate-
gies for pursuing various projects (Tissenbaum et al., 2017). Such divergent collab-
orative interactions, including collaboration with teachers and peers with varying
degrees of proficiency in skills related to specific projects, are important for stu-
dents’ learning in makerspaces (Chng et al., 2022). Divergent collaborative
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interactions can also boost the remixing of existing ideas, which is understood as
being important during innovation creation (Bull et al., 2017). Overall, some the
forms of collaboration discussed above are close to open collaboration (OC), in
which more loosely coordinated individuals interact to create an artifact. In the eco-
nomic world, open collaboration is known to benefit innovation creation (Levine &
Prietula, 2014). Although the goal in school makerspaces is rarely aimed at produc-
ing a product or service of economic value, based on previous research, mak-
erspaces carry the potential to enhance students’ learning to use skills pivotal to
such forms of collaboration and joint innovation creation.

A key priority in makerspaces should be to promote the so-called maker mindset
(Dougherty, 2013), which is also fruitful for students’ engagement in innovation ac-
tivities. The maker mindset places play, fun, and interest at the heart of any making
activity (Martin, 2015). A study by West and Hannafin (2011) showed that partici-
pants’ playful engagement and interaction around projects is an important factor in
contributing to innovation creation. In addition, the maker mindset can support the
students in seeing themselves as someone who is able to make technological things
(Chu et al., 2015). In turn, this is pivotal in encouraging students to seek and learn
necessary skills and knowledge to succeed in innovative projects. Further, the
maker mindset celebrates failure (Martin, 2015), which is important in the process
of innovating (Geser et al., 2019; Hilppo & Stevens, 2020a). More specifically, re-
peated iterations during projects are viewed in a positive light, and related failures
are framed as significant learning opportunities and as productive for the process
of making (Hilppo & Stevens, 2020a; Rieken et al., 2019).

Within this section, I have described aspects of makerspaces that are potentially
conducive for students’ innovation activities. In addition to these aspects, pursuing
making projects requires students to use skills that have been recognized in previ-
ous research as important during innovation creation. As students collaborate in
makerspaces, they can learn to see each other’s problem spaces, which can help
them to locate the parts of projects they need help with and to recognize when their
own expertise could benefit others (Tissenbaum et al., 2017). Becoming aware of
one’s own and others’ problem spaces requires students to learn how to network
and how to mobilize people to make use of all available help and resources. Net-
working and mobilizing others to use available resources have been recognized as
core innovation skills in previous research (Marin-Garcia et al., 2016; OECD, 2019;
Vincent-Lancrin et al., 2019). Further, the just-described situations enhance diver-
gent and momentary collaborations in makerspaces, which can support students in
recognizing when others are doing something they are not, but that could benefit
them in pursuing their personal projects (Tissenbaum et al., 2017). Modeling strat-
egies to pursue maker projects can also help students to introduce new ideas, eval-
uate advantages and disadvantages, estimate risks, make decisions, and carry out
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actions, all recognized as core innovation skills (Marin-Garcia et al., 2016; OECD,
2019; Vincent-Lancrin et al., 2019).

Finally, I wish to highlight how I conceptualized ‘innovation’ in the context of
innovation practices. In principle, makerspaces promote students’ creative engage-
ment in STEAM learning activities (Sheridan et al., 2014). Thus, makerspace pro-
jects enable students to develop ideas that are unique, novel, or fresh. Following
(Csikszentmihalyi, 2015), such ideas become creative through social processes in
which others evaluate and acknowledge the ideas as creative. In turn, such socially
accepted creative ideas can become drivers of innovation (McCharen et al., 2011).
Creativity is thus an inseparable part of innovation creation (Sarooghi et al., 2015).
Fundamentally, the creative ideas become innovations when implemented in prac-
tice and transformed into new or improved products (Baregheh et al., 2009; West,
2009; West & Hannafin, 2011). Within this dissertation, I followed a line of research
that took a holistic stance on innovation and focused on innovating as a phenome-
non and as a process (e.g., Bjornali & Anne Steren, 2012; Hughes et al., 2018;
Marin-Garcia et al., 2016). I view innovation processes as nonlinear, interpersonal
and practical processes, and thus focus on the everyday interactions between stu-
dents, teachers, and their social context — the makerspace learning environment. I
argue that understanding the social dynamics and interactions around innovation
practices is pivotal to support students’ learning to innovate in school makerspaces.

Promoting students’ opportunities and abilities to innovate individually and
with others is pivotal for tackling current and future societal, and economic chal-
lenges (Keindnen et al., 2018; OECD, 2019). Despite the fact that innovation com-
petence is set as a learning objective for basic education nationally and globally
(FNAE, 2014; OECD, 2019), and makerspaces are recognized as potential sites for
fostering such competence (e.g., Gantert et al., 2022), recent research still lacks an
understanding of the conditions and social dynamics that support innovation prac-
tices in school makerspaces, particularly in the K—12 context (see also Rouse &
Rouse, 2022). Hence, one of the aims of my PhD dissertation was to capture such
conditions and dynamics, to provide theoretical explanations for how some of the
features of educational makerspaces support innovation practices (see also Gantert
et al., 2022; OECD, 2019).

2.4 Theoretical orientation: the sociocultural perspective
to leadership and innovation practices in mak-
erspaces

In my PhD dissertation, I applied sociocultural theorizing to conceptualize and
analyze leadership and innovation activities in a school’s makerspace. Therefore,
the core focus is on the social interactions and participation processes that are con-
nected to leadership and innovation as socially situated phenomena. According to
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socio-cultural theorizing, the interactions under study, whether connected to lead-
ership or innovation, are mediated and socially contextualized (Vygotsky & Cole,
1978). More specifically, individuals’ actions are mediated by explicit or implicit
signs, that in the makerspace context include cultural tools such as digital technol-
ogies, tangible materials (explicit), and language (implicit) (Wertsch, 2007). There-
fore, the tools and materials (explicit signs) provided in the makerspace and the
interactions between peers and teachers (i.e., implicit signs) are resources that me-
diate the participants’ thinking and acting (Vygotsky & Cole, 1978). Moreover, fol-
lowing Wertsch (2007). I posit that students internalize and utilize the various me-
diational means in specific cultural, historical, and institutional contexts. More spe-
cifically, these contexts are seen as complex places in which particular cultural and
historical dimensions frame what a participant is expected or entitled to do
(Engestrom, 1999). Hence, the affordances of the makerspace environment as well
as the students’ former experiences in school or out-of-school learning contexts play
arole in how the participants take leadership or engage in innovation activities (see
also Seitamaa-Hakkarainen et al., 2022)

From the sociocultural perspective, I view leadership and innovation practices
not only as social practices constructed in situ, but also as cultural practices in
which individuals’ and communities’ histories play a significant role. When individ-
uals observe or participate in particular cultural practices in situ, they develop a
repertoire of ways to participate (Gutiérrez & Rogoff, 2003). Following
Wertsch (2007), I understand that these repertoires are developed through the
other participants they interact with as other participants introduce new cultural
tools to the ongoing stream of activity. In addition to gaining new cultural tools in
interaction, students also gain an understanding of more sophisticated forms of us-
ing mediational means that already exist within the participants’ activity (Wertsch,
2007). This typically happens when existing cultural tools become integrated with
other forms of the students’ personal motives and goal-directed behavior
(Engestrom, 1999; Wertsch, 2007). Therefore, the repertoires of participation de-
velop one’s understanding and use of interactions that take part in co-constructing
leadership and innovations in the makerspace. As I argued above, the repertoires
are not only constructed in situ, but are mediated by individuals’ personal interests,
prior experiences, and their knowledge of their own and their community’s history
(Gutiérrez & Rogoff, 2003). Therefore, the students’ and teachers’ prior experiences
of taking leadership or innovating are integrated in their repertoires of participa-
tion. The repertoires, including the students’ and their communities’ histories, af-
fect the ways students and teachers engage in taking leadership and innovating in
the school makerspace environment.

In makerspaces, students take part in creating so-called emergent objects (Seit-
amaa-Hakkarainen et al., 2022) as the making process and its outcomes are often
unknown prior to the activity (Kajamaa et al., 2020; Riikonen et al., 2020).
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Engaging in such processes requires students to negotiate their individual ideas and
visions, monitor and use their own and each other’s expertise, and to develop an
understanding of how various tools, materials, and the space itself can be used in
the process of creating artifacts (Seitamaa-Hakkarainen et al., 2022). I argue that it
is particularly within these emergent processes in which leadership and innovation
practices are enacted and constructed. I followed a line of research that views lead-
ership and innovation processes as social and cultural practices that are constructed
across time, in interactions between individuals and their sociocultural environ-
ment (see e.g., Bjornali & Anne Steren, 2012; Gronn, 2000; Ho & Ng, 2017; Hughes
et al., 2018). Applying sociocultural theorizing, I conceptualize practices as clusters
of actions that are ongoing in nature, regardless of spatial or temporal gaps
(Schatzki, 2019). Multiple individuals take part in constructing the social practices
of leadership and innovation, as their recurring, mediated actions become intercon-
nected across time (Castanheira et al., 2000; Green & Bridges, 2018). Participants
in makerspace environments — students and teachers — negotiate their actions in
specific cultural, institutional, and historical settings, which I depicted in more
depth above. Their culturally mediated and historically contextualized leadership
or innovation actions can take part in either reproducing or transforming the exist-
ing sociocultural setting (Wertsch, 1994). In my PhD dissertation I argue that using
sociocultural theorizing to interpret leadership and innovation processes as socially
constructed, situated, and contextualized practices, contributes to an understand-
ing of the very much stressed community aspects of learning in makerspaces (Sher-
idan et al., 2014). Further, the theoretical approach applied in this study will pro-
mote research understanding about how individual actions become interconnected
across time, and how such socially constructed practices contribute to students’
learning necessary 21st century innovation and leadership skills (European Com-
mission, 2019).
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3 The research design

I begin this chapter by presenting the main objectives of the dissertation and
posing research questions for each study. I then move on to describing the context
of my dissertation research, the FUSE Studio makerspace (FUSE, 2022). The data
for the study were gathered in two FUSE Studios, located in two Finnish schools.
Because the schools had autonomy over how they wished to implement the FUSE
Studio as part of their local curriculums, I highlighted some of the differences be-
tween these two FUSE Studios. I continue with some reflection on how the case
study approach promoted a deep understanding of leadership and innovations as
social and cultural practices. As my dissertation presents a case study of a particular
type of a school makerspace, I consider the relationship this case study has with
school makerspaces more widely. The chapter continues with an explanation of how
collecting the video and interview data was conducted. I also explain how the re-
search objectives and questions guided the organization and selection of data for
in-depth analyses. I then present the methods of analysis in each study and examine
the ways in which these methods helped me in fulfilling the study objectives and
deepen my understanding of the leadership and innovation practices in the FUSE
Studio. Also, being one of the first studies to examine leadership and innovation
practices in a makerspace context, I considered how the concepts were operation-
alized and used in interpreting the video and interview data. In addition, I explain
how sociocultural theorizing guided my thinking with the data. The final subsection
is dedicated to ethical considerations, particularly from the perspective of video re-
search with primary school aged children.

3.1 Study objectives

Objective 1: to gain knowledge about distributed leadership in a school’s
makerspace

School makerspaces alter the traditional teacher-student dynamics in formal
school environments, in which the teacher is viewed as the knowledgeable expert,
and as the one who leads the students’ activities (e.g., Sheridan et al., 2013). This is
because in school makerspaces students are typically allowed to take leadership in
planning and designing their own learning projects and in choosing who to
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collaborate with, and are expected to do so (Kariippanon et al., 2018). Despite the
emerging research findings about these issues, recent research has not specifically
focused on researching leadership in school makerspaces. Recent research thus falls
short in understanding the conditions, opportunities, and tensions of leadership in
school makerspaces.

Thus, the first objective of my dissertation was to bring research knowledge
about how a primary school’s makerspace, the FUSE Studio, allows leadership to be
distributed between teachers and students. Specifically, using a narrative analytical
approach, the dissertation sheds light on how Finnish primary school teachers
frame distributed leadership practices, as these relate to their teaching in the FUSE
Studio makerspace context. The study brings out the dynamics between teachers’
and students’ leadership in the FUSE Studio context.

Objective 2: to show how students construct leadership in their every-
day interaction in a school’s makerspace

Even though research to date has underlined the core role of leadership for suc-
cessful collaboration (e.g., Li et al., 2007; Sun et al., 2017; Yamaguchi, 2001), re-
search understanding about students’ leadership in school makerspaces remains
limited. Moreover, leadership is depicted as a skill needed in the 21st century (Eu-
ropean Commission, 2019), but research has yet to produce an understanding of
how makerspaces create a space for students to practice important leadership skills.
Thus, the second objective of my PhD was to show how leadership emerges in pri-
mary school students’ group interactions as they collaborate in their school mak-
erspace, the FUSE Studio. The study will also generate empirical research
knowledge about the consequences of emergent leadership for the outcomes of stu-
dents’ creative collaboration.

Objective 3: to shed light on how a school’s makerspace enables teach-
ers and students to construct innovation practices

Students’ innovation competence is set as a key priority in formal education in
various national and international educational policy documents (Bocconi et al.,
2012; FNAE, 2014; OECD, 2019), and makerspaces are offered as a potential plat-
form to advance students’ learning how to innovate (Hughes & Morrison, 2020;
Oswald & Zhao, 2021). Yet, innovation activities in school makerspaces remain un-
der-researched. Specifically, although research has highlighted some of the aspects
of makerspaces that can support innovation creation, there has been a lack of theo-
retical explanation of how these aspects are connected to teachers’ and students’
everyday interactions around innovation creation in school makerspaces (Gantert
etal., 2022; Oswald & Zhao, 2021). Therefore, the third objective of my dissertation
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was to demonstrate the interaction that takes place when students create innova-
tions in the makerspace. Further, the objective was to show these interactions, en-
tangled within the makerspace environment, construct innovation practices be-
tween teachers and students.

3.2 Research Questions

The following research questions were posed to find answers to the objectives of the
dissertation:

STUDY1

How do teachers narrate the distribution of leadership between them and their stu-
dents in a school’s makerspace, the FUSE Studio?

STUDY II

What leadership moves emerge in students’ group interactions in the makerspace?
How is students’ leadership related to their collaboration?

STUDY II1

Which actions take place when students create innovations in the FUSE Studio?

What are the collective innovation practices that emerge from these actions?

3.3 Research setting: the FUSE Studio

The data used in this dissertation were gathered during a research project con-
ducted between 2016 and 2020 (Kumpulainen, 2017) during which two Finnish
schools introduced a new school makerspace, called the FUSE Studio, into their ed-
ucational programs. Both schools decided to offer the FUSE Studio as an elective
course to students in grades one to six. In Finland, students’ ages in these grades
range from seven to 12 years. Prior to the uptake of the FUSE Studio, the teachers
took part in a two-day training session about the FUSE Studio concept. Both schools
are in the capital area in Finland. School 1 is a primary school with 251 students and
16 teachers. School 2 is a comprehensive school that provides primary and second-
ary level education. The school hosts 535 students and 28 teachers at the primary
level. The students in both schools come from a range of language and socio-eco-
nomic backgrounds.
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According to the FUSE Studio developers (FUSE, 2022). The FUSE Studio is a
makerspace model created at Northwestern University, Illinois USA in 2011. Its
original purpose was to “reinvent STEAM education to appeal to all learners” in out-
of-school settings and in elementary, middle, and high schools across the USA and
internationally. The FUSE Studio model comprises a digital platform and separate
tool kits to be used in completing various making projects. Figure 1 shows the stu-
dent view of the FUSE Studio digital platform. On the platform, students have ac-
cess to approximately 30 maker projects with varying themes. Some of the projects
are fully digital, and in some, students use a range of tangible materials. The digital
projects include designing homes or jewelry, coding games, and producing music.
The projects that require the use of tangible materials include constructing roller
coasters, game controllers, and solar-powered miniature cars.

https://www.fusestudio.net/challe

i—m—mm——

Figure 1 A screenshot of how the students access the STEAM projects on the FUSE Studio digital platform.

When choosing a project, students have access to written instructions and video
tutorials to support the students in completing the projects. In addition, the stu-
dents can use the digital platform to locate peers who might be experts in their cho-
sen projects. The students are thus encouraged to develop personal expertise and
tutor each other in the makerspace. The teacher’s role is to act as a facilitator of the
students’ making projects, supporting the students in using the various digital and
tangible tools, materials, and equipment. Although the FUSE Studio is based on
ready-designed projects, students are encouraged to make personal interpretations
and customize the challenges to fit their personal interests better. Students are also
allowed to use the FUSE Studio materials to design their own projects. In addition
to choosing a project, students are free to choose whether to work individually or in
a group and who to collaborate with. Taken together, the FUSE Studio is an
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educational space that combines elements of more open activities, that give room
for the students’ creativity and imagination, and structured elements, such as the
ready-designed making projects.

As mentioned above, the schools had autonomy in how they implemented the
FUSE Studio as part of their daily school activities. Although both schools decided
to offer the FUSE Studio as an elective course, the schools had slightly different
approaches in how they organized the makerspace and its activities. School 1 de-
cided to mix grade levels in a way that the older students acted as tutors for the
younger ones. The school dedicated one classroom (see figure 2) with easily mova-
ble furniture to act as the physical studio. The students were free to move in the
space and used laptops to access the FUSE Studio platform. At the beginning of data
collection at School 2 in fall 2016, the school’s physical FUSE Studio consisted of a
computer lab (figure 3), a classroom with more easily movable furniture (figure 4)
and a hallway (figure 5). The students thus used desktop computers or laptops to
access the FUSE Studio digital platform. The school re-organized the FUSE Studio
for the spring term 2017 to fit their needs better. The new makerspace consisted of
two similar spaces with movable furniture and laptops for the students use (figure
6)

Figure 2 The FUSE Studio space at School 1.
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Figure 4 Students working in the classroom at School 2.
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Figure 6 The FUSE Studio in Spl-'ing 2017 at School 2.

3.4 The case study approach

My doctoral dissertation presents a case study of leadership and innovation
practices in a particular type of a primary school makerspace, the FUSE

Studio. Case studies are often presented as methodologically well fit to enhance
research understanding about individuals, communities, and their contexts (Ham-
ilton & Corbett-Whittier, 2012). Overall, the methodological approach was tightly
entangled with the study’s sociocultural theoretical frame, which highlights the role
of the interplay between individuals and their social context (see e.g., Engestrom,
1999; Vygotsky & Cole, 1978; Wertsch, 2007).

In this case study, I centralized individuals’ activities and interactions to con-
struct knowledge about how the research participants socially constructed
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leadership and innovation practices in their sociocultural context — the school mak-
erspace. Therefore, the case study approach enabled an in-depth analysis of how
the makerspace environment contributed to leadership and innovation as histori-
cally contextualized social and cultural practices. Specifically, in this case study I
considered the nature and form of the cultural tools in use and social relationships
between participants, to understand how students, with their teachers, might learn
how to lead and innovate (Gutiérrez & Rogoff, 2003). Moreover, paired with the
sociocultural theoretical frame, the case study approach was used to capture how
leadership and innovation practices invited particular types of participation within
the everyday interactions in the FUSE Studio makerspace. (See Danish & Gresalfi,
2018). In addition, with the sociocultural theoretical lens, the case study approach
promoted the examination of how the social context came to be and how it could
change over time (Danish & Gresalfi, 2018).

Case studies are always detailed and thus bounded presentations of certain lev-
els of social organization (Green & Bridges, 2018). Yet, as a bounded unit, a case
study can promote the development of a deep understanding of the circumstances
under which a presented theory might apply (Hamilton & Corbett-Whittier, 2012;
VanWynsberghe & Khan, 2007). Such boundedness is often posed as a key feature
of case studies (Stake, 2005). Moreover, Willis et al. (2007) argue that human be-
havior is best understood as a lived and situated experience. A case study is always
bounded and specific, but it also approaches phenomena holistically, aiming to
grasp the phenomena being studied in all its complexities, including a rich under-
standing of the social context. Although my case study represents a single case it
involves interaction and a relationship with a wider world (Hamilton & Corbett-
Whittier, 2012). Even if it is bound to a specific social context, the FUSE Studio, the
case study can potentially illuminate the opportunities and challenges in leadership
and innovation practices in school makerspaces more widely (VanWynsberghe &
Khan, 2007). Therefore, the case study has the potential to advance research un-
derstanding of supporting students learning of important leadership and innova-
tion skills in school makerspaces.

3.5 Data collection, selection, and management

As is typical for a case study (VanWynsberghe & Khan, 2007), my dissertation
research used rich data, including videos and interviews, collected in an academic
year (2016—2017) in the two schools under study. Within this section, I first de-
scribe how the video and interview data were collected. I then move on to depicting
how the data were managed and how parts of the data were chosen for a closer, in-
depth analysis.

The data consist of 152 hours or video data. I took part in collecting the data with
a research group as part of a larger research project (Kumpulainen, 2017). A total
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of 124 students and 11 teachers took part in this study. Data collected at School 1
consist of 67 hours of videos. In this school, 30 students and three teachers partici-
pated in the FUSE Studio elective course. The students took part in the activities in
two smaller groups, each of which one 60-minute session per week. The school de-
cided to mix grade levels in the two groups, and hence, the students’ grade levels in
these two groups ranged from first to sixth (7 to 12 years old). At School 2, 85 hours
of video data were collected. In this school, 94 students and eight teachers took part
in the FUSE Studio elective course. This school decided to divide the students into
three groups, based on the grade level they attended at the time of data collection.
One of the groups consisted of fourth graders (10—11 years old), one of fifth graders
(11—12 years old), and one of sixth graders (12—13 years old). Each group worked in
the FUSE Studio for 60 minutes once a week. Two video cameras were used at
School 1 and four at School 2 to capture the activities of the students and teachers
in the makerspace. Wireless microphones were used to improve the capture the par-
ticipants’ talk. The main principle that guided the decisions regarding the focus of
the cameras was the need to form a comprehensive picture of all types of activities
that occurred in the FUSE Studio. For these reasons, some of the cameras were typ-
ically set to film the students and some to film the teachers in the two FUSE Studios.

In addition to collecting video data, the teachers who worked in the two FUSE
Studios under study were also interviewed. Eight teachers took part in the semi-
structured interviews. In spring semester 2017, after the teachers had worked in the
FUSE Studio for one academic semester, they were interviewed individually at their
schools. Interviews lasted from ten to 45 minutes and were transcribed verbatim.
The interviews were thematically structured and addressed the following themes:
the teachers’ experiences of the FUSE Studio and its design principles; the students
participating in the activities in the FUSE Studio; FUSE and pedagogy; school cul-
ture and leadership; and the curriculum reform that was underway when the data
were collected. Although none of the themes addressed leadership specifically, the
teachers reflected on the opportunities and challenges of leadership and its distri-
bution in the FUSE Studio environment. The teachers who took part in the inter-
views had diverse teaching backgrounds. Besides teaching in the FUSE Studio, four
of these teachers were working as class teachers in grades one to four. In the Finnish
context, this typically means that the one teacher teaches all school subjects to their
own class. The four other teachers worked as subject teachers, three of them at the
secondary level (grades 7—9) and one in the primary and secondary level (grades 3—
9). These teachers taught crafts, biology and geology, and English.

I now move on to describing some of the steps that were taken to organize the
data and make them manageable. As there were only eight interviews and they were
all used for analysis in Study I, I focus here on how the video data were managed.
Essentially, video data are rich and typically well suited to capturing situational dy-
namics in individuals’ daily interactions (e.g., Nassauer & Legewie, 2021). Yet, in all
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their richness, they can be challenging to manage. To form a comprehensive view, I
used Excel to organize the video data. The data corpus was first viewed to produce
a spreadsheet that identified who and what was filmed on each piece of video re-
cording. This information included the number of students and/or teachers, their
grade levels, and the FUSE Studio projects that the students had chosen to work on
during each session. This spreadsheet supported the selection of smaller data sets
to be analyzed in depth in Study II and Study III. Following Green and Bridges
(2018), I posit that from a methodological perspective, the smaller data sets used in
all three Studies represent configurations of actors, times, and events. Moreover,
from a sociocultural perspective, the configurations also account for the sociocul-
tural and historical context (Danish & Gresalfi, 2018). Analyzing such configura-
tions as they evolve over time enabled analysis of how leadership and innovation
practices were constructed across time in the FUSE Studio context.

3.6 Analysis methods

In this section, I describe the smaller data sets that were chosen for each study
and outline the analytical procedures in each study. My overall objective in choosing
the data sets for the studies was to find ‘telling cases’, which answered each detailed
research question in depth, and enabled the analysis of how these cases became
connected across time (Green & Bridges, 2018). This enabled the analysis of how
both practices were simultaneously constructed across time. Three analytical ap-
proaches were used in analyzing the data. These each had distinctive features that
shed light on leadership and innovation practices on various dimensions. The three
distinct analytical approaches were chosen to capture the participants’ activity in
all its complexity — including participants’ actions in situ, the means that mediated
their actions, as well as the cultural and historical contexts in which the practices
emerged.

3.6.1 Study I: The Narrative analytic approach

Study I was set to develop understanding about the opportunities and challenges
in the ways teachers and students distributed leadership within the FUSE Studio. I
was interested to know how these opportunities and challenges occurred in the
FUSE Studio at the time of data collection. In addition, I wanted to understand the
historical context and how distributed leadership could develop over time. For these
reasons, I chose to analyze the teachers’ reflections of their work in the FUSE Studio
and to apply narrative thinking in the analysis.

Narratives are viewed as pivotal processual tools for individuals to make sense
of their own and other peoples’ experiences, actions, and intentions (Clandinin &
Connelly, 2000; Czarniawska, 2007). Although only teacher interviews were used,

25



Czarniawska (2007) argues that multiple voices are present in narratives, and they
mediate much knowledge. Narratives can therefore be used as a tool to grasp the
actions of all those who are present in the told narratives. As people tell narratives,
they simultaneously construct ways of action in certain settings, which is why nar-
ratives can grasp aspects of a context as a socially constructed story (Clandinin &
Connelly, 2000). Narratives typically enable a researcher to interpret and analyze
individuals’ knowledge, experiences, actions, and the social elements of human life
in all its complexities (Czarniawska, 2004). Narratives have also been used in pre-
vious leadership research (see e.g., Johnson, 2009), which is why I saw narratives
as an appropriate lens through which to examine practices of distributed leadership
in the makerspace environment.

As previously mentioned, all eight teacher interviews were included in the nar-
rative analysis. To answer the research question, how do teachers narrate the dis-
tribution of leadership between them and their students in a school’s makerspace,
the FUSE Studio, I began the analysis by identifying the teachers’ narrative accounts
of leadership during the interviews. The analysis thus began by locating the parts of
the interviews when the teachers were describing their experiences of leadership in
the FUSE Studio learning environment. Based on previous distributed leadership
research, leadership was operationalized as responsibility and control over learning
activities in the FUSE Studio (Gumus et al., 2018; Hairon & Goh, 2015). These ac-
counts were classified into thematic categories based on who enacted leadership
within the teachers’ accounts. The thematic categories produced in this initial phase
of analysis were teacher-led, student-led, and distributed accounts of leadership in
the FUSE Studio.

After thematically grouping the teachers’ accounts, the analysis continued with
a narrative analysis of the accounts. This phase of the analysis was guided by an
understanding that the teachers shape their daily teaching in the FUSE Studio by
evaluating stories of who they and their students are (see Connelly & Clandinin,
2006). Specifically, the analysis focused on the accounts of leadership from the per-
spective of how the teachers reflected their past and current experiences of taking
and/or distributing leadership in the school and makerspace context. In addition,
the attention was directed towards parts of the teachers’ stories in which they envi-
sioned their own and their students’ leadership in the FUSE Studio in the future.
Placing the teachers’ leadership accounts on a storied, temporal trajectory allowed
the analysis of social practices of leadership, as the teachers’ experiences were
viewed as forming sequences of connected events. Moreover, this final phase of the
analysis included analyzing the ways in which the three types of narrative accounts
— teacher-led, student-led, and distributed — reflected the broader sociocultural
context of formal schooling (see also Wiles et al., 2005).
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3.6.2 Study II: Interaction Analysis

The purpose of Study II was to analyze how the students in the FUSE Studio
socially constructed leadership in situ. The analysis therefore relied on the video
recordings of the students’ work. The research questions concerned the students’
use of leadership moves and the relationships between students’ socially con-
structed leadership and their creative collaboration (see section 3.2 for the specific
questions). To answer these questions, the following criteria were used to select vid-
eos for in-depth analysis: 1) the videos displayed students who collaborated in mak-
ing a shared artifact, and 2) the videos displayed students who collaborated for an
entire 60-minute FUSE Studio session. Five hours of video data were analyzed in
depth in Study II. These videos were filmed at School 2 and the groups represented
all three grade levels. One of these groups consisted of fourth graders, three of fifth
graders, and one of sixth grade students. In each of the videos analyzed, one camera
was set to film the group for the duration of the session. There researchers adjusted
the cameras according to the students’ movement in the Studio. In addition, each
group had a wireless microphone that captured what the students said better.

I used the MAXQDA program to bring the data to an analyzable and organizable
form. To support the analysis, I created detailed written transcriptions of all videos
and imported these transcriptions into the MAXQDA along with the original videos.
The transcriptions were iteratively corrected by reviewing the videos several times
during the transcribing process. Techniques of interaction analysis (Jordan & Hen-
derson, 1995) were then employed to analyze the social construction of leadership
in the students’ interaction. The overall analytical approach can be described as ab-
ductive, as the analyzing process involved repeated iterations between previous
leadership research and my data (Timmermans & Tavory, 2012).

To seek answers to the first research question about the students’ use of leader-
ship moves, leadership moves were first operationalized as the students’ active at-
tempts to influence the behavior of others and/or the groups’ activity (Li et al.,
2007). Following the conduct of Jordan and Henderson’s (1995) interaction analy-
sis, the analysis continued by looking for leadership moves in the students’ verbal
interactions, gestures, movement in space and manipulations of the physical FUSE
Studio materials. As is typical for abductive analytical approaches, the first phase of
many iterations of coding was guided by Li et al.’s (2007) coding scheme of leader-
ship moves. Their scheme includes turn management, argument development,
planning and organizing, topic control, and acknowledgement. However, to under-
stand the students’ leadership in the makerspace setting, it was necessary to adjust
the categories to describe leadership in the makerspace better. The final categories
were a result of iterative rounds of coding (see also Srivastava & Hopwood, 2009).
The final typology of leadership moves included the following moves: coordinating
tasks, exploring new ideas, seeking out resources, and offering guidance and sup-
port to others.
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The analysis continued to answer the second research question, regarding how
socially constructed leadership was related to the students’ creative collaboration.
Attention was first turned to how leadership was distributed among the students.
Hence, the analysis focused on the frequencies of leadership moves by each student
and considered how often their leadership moves were followed by others. This
phase of analysis allowed the dynamics of leadership taking and leadership legiti-
mization in each group to be grasped. Previous research has clearly pointed out that
flexibility in alternating between leading and following and group members’ equal
opportunities to participate promote collaboration (Li et al., 2007; Mercier et al.,
2014; Volet et al., 2017). Attention was thus turned to two groups that had a notable
difference in the extent of symmetricity between the students’ leadership moves and
conducted a deeper analysis of these two groups’ interaction. The number of lead-
ership moves by individual students was uneven in the first group. Moreover, it ap-
peared that the leadership moves of only one student were generally followed by the
others. In contrast, in the second group, all group members performed leadership
moves relatively evenly, their moves were equally followed by others, and they thus
had equal opportunities to lead joint work. Taking a closer look at these two seem-
ingly different groups in terms of their leadership allowed for the capture of how
leadership was constructed in these two groups and what consequences it had for
their creative collaboration.

3.6.3 Study lll: Video Data Analysis (VDA)

Although the same video data for the analysis were used in Studies II and III, I
chose to use a different analytical approach than the one I had used in Study II. I
chose Video Data Analysis (VDA) as proposed by Nassauer and Legewie (2021) as
it allowed me to delve deeper into the sociocultural context of the work of all par-
ticipants (i.e., students and their teachers) in the FUSE Studio. As with interaction
analysis (Jordan & Henderson, 1995), VDA also allows close examination of the sit-
uational dynamics of the researched phenomenon, and interpretation of the conse-
quences of the dynamics for social outcomes (Nassauer & Legewie, 2021). It is a
combination of several methodological approaches. From a methods perspective,
VDA includes methods of Interaction Analysis, as interactions are viewed as a layer
of analysis. However, VDA adds context as another layer of analysis, which in my
view, provides a fruitful platform for an interplay between the analytical approach
and sociocultural theory. VDA defines context as dynamic and posits that actions
carry different meanings depending on the context (also Heath et al., 2010). Nas-
sauer and Legewie (2021) have stated that ‘context’ contains physical and social di-
mensions that reflect individuals’ actions and social roles. From the sociocultural
perspective, I view these as dimensions that allow the analysis of how available
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cultural tools and the socio-historical context mediate the participants actions
(Vygotsky & Cole, 1978; Wertsch, 1994).

When it comes to selecting a smaller data set for an in-depth VDA, the selection
process was similar to the one in Study II. As my core interest was to understand
the social practices that were connected to the creation of innovations, I chose vid-
eos in which I could observe the students’ work for an entire 60-minute session.
This meant that those videos in which the camera moved in the space following the
teachers’ activities were excluded from the data set. I only used such teacher videos
to support interpretations when momentary teacher-student interactions were seen
and/or heard better from these videos. The videos in the smaller data set subjected
to a deeper analysis account for 19 hours of data.

To support the analysis, I imported the videos into the ATLAS.ti program for
closer analysis. To answer the first research question regarding the actions the par-
ticipants took when making innovations in the FUSE Studio (please see section 3.2
for the specific questions), innovations were operationalized as participants’ imple-
mentation of novel and creative ideas in practice (Halbinger, 2018; West & Han-
nafin, 2011). The innovations located in this phase of the analysis were the follow-
ing:

1) Installing multiple capacitors to maximize the power stored by a solar-pow-
ered car.

2) Combining paper and a lamp to create an effective charger for a solar-pow-
ered car.

3) Using furniture and foam rubber to create a fast roller coaster for a small
marble.

4) Constructing a kinetic game controller for a Google game.

5) Constructing house models using spaghetti and marshmallows.

After locating episodes of the videos in which innovations were produced, the
analysis continued by examining the students’ and teachers’ interactions during the
episodes. In addition to VDA, I turned to Green and Bridges’ (2018) Interactional
Ethnography to support the abductive coding procedure. Following this approach,
all actions taken by the individuals were first interpreted and given descriptive
cover terms. Following the conduct of VDA, the coded actions included the partici-
pants’ verbal communication, use of materials and technologies, and movement in
space (see also Jordan & Henderson, 1995).

After this microanalytical phase of analyzing the participants’ actions in situ, the
analysis continued with an analysis of chains of participants’ interactions. Analyz-
ing such chains of interactions allowed for the second research question regarding
the innovation practices that emerged from the individuals’ situated actions to be
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answered. In this phase of the analysis, attention was turned to what Green and
Bridges (2018) call ‘part-whole relationships (also Bridges et al., 2012). Specifically,
the analytical focus was on actions that recurred across the episodes analyzed, and
were thus organized and ongoing in nature, reflecting emerging social practices
(Schatzki, 2019). These recurring actions were thematically grouped, resulting in a
typology of innovation practices in the makerspace: taking joint action to innovate,
navigating a network of resources, and sustaining innovation activities. As men-
tioned earlier in this section, the data were also coded in terms of contextual fea-
tures of the innovation creation. This allowed for a deeper analysis of the interrela-
tionships between the participants’ actions and the sociocultural setting (Wertsch,
1994). The codes used for the contextual dimension included the individuals pre-
sent in the videos, their social roles, as well as tools, materials, and equipment used
during the participants’ interaction.

3.6.4 Ethical considerations

This dissertation follows the general guidelines of the Finnish Advisory Board
on Research Integrity (Varantola et al., 2012). The research project team obtained
research permission from local authorities in the city in which the researched
schools are located and sought institutional permission from both schools. Prior to
data collection, written informed consent was obtained from all participating teach-
ers, children, and their legal guardians. The research project followed the principles
of the EU General Data Protection Regulation (EU, 2016). All written research ma-
terial and audio recordings of the teacher interviews were stored and managed in a
secured online cloud space. The video data were stored on the research team’s ex-
ternal hard drives that were always kept in a locked space. As video data are rarely
anonymous (Derry et al., 2010), the videos were always kept separate from any
other research material that contained the participants’ personal data. All research
data were destroyed after completion of the project according to the GDPR guide-
lines. All names mentioned in this dissertation, including its sub-studies, are pseu-
donyms.

As the research followed the principle of voluntary participation, the individuals
recorded were always asked for their oral permission to record prior to recording
their work. The research team attempted to make sure that the participants always
had an opportunity to ask us not to record or to stop recording at any time. How-
ever, to an extent, there is always a power imbalance between children and adult
researchers in school contexts (Hamilton & Corbett-Whittier, 2012; Nassauer &
Legewie, 2021). It is possible that the students adapted their actions and behavior
according to their impressions of what is expected of them. The participants might
also feel that the cameras were obtrusive (Heath et al., 2010), highlighting the need
for sensitivity in recording an individual’s work, regardless of their age or role in
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the research environment. It is also worth noting that as participants are constantly
recorded, they might do or say things that they did not intend to share with the
researchers (Hilppo & Stevens, 2020b). The data also included recording the teach-
ers and students using digital platforms that required participants to log in, bearing
the risk that their login information might be caught on record. Such aspects of
video research demanded that the researchers be sensitive to the recorded activities
and to alter the placement of cameras or by muting microphones, when necessary.
Although ethical responsibility over the research always rests with the researcher,
a study by Hilppo and Stevens (2020b) on children’s ethical agency showed that
researched students themselves actively regulate boundaries of their privacy and
take measures to adjust their participation while being recorded. Also in this study,
the children sometimes asked us to stop recording or momentarily moved away
from the scope of the cameras. According to Flewitt (2006) ethical conduct of re-
search evolves in response to the relationships between a participant and the re-
searcher and ethical dilemmas must be solved as they emerge. Our research team
attempted to enhance communication between the research participants by openly
discussing the participants’ activities and feelings regarding the research process
during data collection. We attempted to be sensitive to the actions of participants
to regulate their privacy and to respond to these actions accordingly.

A project in which data are collected weekly for an entire academic year can be
a burden to participating students and teachers. Hence, it is worth considering the
balance between such a burden and the impact of the research on the stakeholders’
lives (Alderson & Morrow, 2020). My research on socially constructed leadership
and innovation practices is only a small part of all the research that has been con-
ducted as part of the larger research project. However, I did my best to bring out
some of the best practices and challenges faced by my research participants, to in-
fluence children and youth’s opportunities to learn useful 21st century skills
through personally meaningful projects and therefore to make my research worth-
while.
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4 Main findings

My dissertation comprises three sub-studies, of which the first two focus on
leadership distribution and the social emergence of leadership (studies I and II, re-
spectively). Study III highlights how innovation practices, enabled by leadership
distribution, are collectively constructed in the research participants’ interaction.
In this chapter, I summarize the findings of the three studies as they relate to the
research questions.

4.1 Study I: Teachers’ narratives of leadership in the
school makerspace

The purpose of Study I was to gain knowledge about the ways in which teachers
and students distribute leadership within the FUSE Studio makerspace. To answer
the research question, How do teachers narrate the dynamics of leadership in a
school’s makerspace, the FUSE Studio? teachers’ accounts of leadership in the mak-
erspace were analyzed. The focus of analysis was on how the teachers framed their
accounts of leadership on a temporal trajectory. Specifically, the analysis focused
on the ways in which the teachers framed their experiences of leadership and its
distribution based on their prior teaching experiences, their experiences from the
FUSE Studio, and in their visions of the future of the learning environment.

Overall, the results of the study showcased three narrative accounts of leader-
ship in the FUSE Studio: teacher-led, student-led, and distributed accounts of lead-
ership. All three narrative accounts shed light on the dimensions of distributed
leadership and reflected how the socio-historical context mediated these dimen-
sions. I describe these three types of narratives in the three following subsections.

4.1.1 Teacher-led narratives of leadership

The teacher-led narratives of leadership reflected more traditional roles of
teachers and students in formal schooling, in which the teacher is responsible for
organizing the students’ work. These narratives highlighted that they were part of a
larger cultural change in formal schooling and saw the FUSE Studio as an arena in
which this change was encountered. In their narrative accounts, they recognized a
common goal in their school to move towards more student-led ways of learning
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and saw potential in the FUSE Studio to enact such a goal. Yet, the change involved
many tensions, which stemmed from the teachers’ and their students’ past experi-
ences in the formal school context.

First, they felt that their students did not have the necessary skills to take lead-
ership of organizing their work fully. More specifically, they saw that the students
needed the teacher to take the lead in managing their attention in a very stimulating
environment. The FUSE Studio was equipped with new equipment and materials
that could draw the students’ attention to a ‘wrong’ direction and make the work
chaotic. They recognized that the students needed time to acquire such skills, but
also noted that teacher-led ways of working always exist in a primary school con-
text. Second, the teachers expressed the view that as the students were not accus-
tomed to taking leadership over their work, they brought past teacher-led ways of
working into the FUSE Studio, expecting the teacher to take the lead.

Overall, the teacher-led narratives of leadership emphasized that the cultural
change at school is something that the teachers encountered with their students.
The cultural change entailed constant negotiation between the teachers and stu-
dents about how much, when, and how responsibility can be relinquished to stu-
dents.

4.1.2 Student-led narratives of leadership

Some of the narratives of the teachers expressed student-led forms of leadership
in the FUSE Studio. Within these narratives, the teachers depicted their actions and
objectives as stepping back and encouraging their students to take responsibility for
personal projects. Within the narratives, the teachers reflected on their past as
teachers. Specifically, the teachers reflected on how their orientation in teaching
over the years had developed from more traditional forms of schooling to facilitat-
ing students’ projects. They had developed such an orientation prior to the uptake
of the FUSE Studio but saw the environment as quite naturally allowing them to
develop and implement their orientation to teaching further.

The teachers hoped that their students would develop relative expertise and
would use that to take leadership in the FUSE Studio. Although they saw much po-
tential in the FUSE Studio in this regard, they also felt that the students relied on
the ready-made FUSE Studio projects more than they would have liked them to.
They were concerned that the students would bring a ‘copy-culture’ into the FUSE
Studio, copying and making projects that someone else had designed. However,
they attempted to encourage their students to reflect on the skills and expertise they
had acquired during the ready-made projects and to use such expertise to develop
projects of their own and act as mentors for their fellow students.
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To summarize, the student-led narratives of leadership showcased moments in
the FUSE Studio in which students take leadership of their learning projects and
teachers were there to facilitate. Yet, the narratives highlighted tensions in the lead-
ership opportunities provided by the FUSE Studio environment and the students
sticking to the ready-made projects in the FUSE Studio concept. However, these
tensions allowed the teachers to reflect on the development of their teaching orien-
tation and how that could be further developed in the FUSE Studio. In their stu-
dent-led narratives, the teachers reflected on some steps that could be taken in the
future to enact students’ leadership.

4.1.3 Narratives of distributed leadership in the FUSE Studio

The narratives of distributed leadership represented ways to bridge the gap be-
tween formal teacher-led schooling and students’ leadership over personal projects.
Specifically, the teachers thought that the technological infrastructure encouraged
students to develop personal skills and expertise and use the expertise of others.
This in turn, was seen to prompt the distribution of leadership. Specifically, they
saw that the technological infrastructure enabled distributed leadership by provid-
ing a platform on which students could acquire expertise in a particular field. More-
over, they saw potential in the FUSE Studio to create a ‘field of expertise’ which
would allow the students to be dynamic in taking leadership into their projects. Yet,
as the students might not naturally take such leadership and might rely on the lead-
ership and expertise of their teacher, the digital platform was used as a tool for stu-
dents to learn how to take leadership and for teachers to practice facilitation of stu-
dents’ projects. In the narratives of distributed leadership, this collective learning
process involved dynamic shifts in leadership among the teachers and the students,
with an aim to promote students’ learning to take leadership in the future.

4.2 Study Il: The emergence of leadership in students’
group interaction in the school makerspace

The purpose of Study II was to examine how students take leadership over col-
laborative projects and to understand the consequences of students’ leadership for
collaborative outcomes. The study focused on students’ leadership moves during
collaborative activities. In addition, the study examined the consequences of so-
cially constructed leadership for the outcomes of students’ creative collaboration.

4.2.1 Students’ leadership moves in the FUSE Studio

In Study II, the collaborative work of five student groups was analyzed. The anal-
ysis resulted in a typology of leadership moves found in the students’ group
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interaction: coordinating joint work, exploring new ideas, seeking out resources,
and giving guidance and support to other group members. Each type of leadership
move represented the functions the moves had within the students’ work. At the
same time, the typology of the leadership moves depicts the dimensions of creative
collaboration in the FUSE Studio context, that enable and require students’ leader-
ship.

Coordinating joint work

In the FUSE Studio, students engaged in projects which they had chosen for
themselves and that were emergent in nature. By emergent projects I refer to pro-
jects in which the process and outcomes are unknown prior to the activity. Such
projects required the students to take leadership in coordinating their joint work.
Coordination of joint work included managing tasks within the group and manag-
ing the use of the various technologies and materials. In addition, with these lead-
ership moves, the students coordinated the conduct and process of the joint activity,
ensuring that all necessary tasks were attended to.

Exploring new ideas

The process and outcomes of the students’ projects were typically unknown to
the students when they began their collaborative work. Hence, the students quite
often encountered situations in which they either had the opportunity to alter the
course of their joint activity or were required to do so. Such situations offered op-
portunities for students to emerge to lead the work, and exploring new ideas were
typical leadership moves with which the students influenced the course of the ac-
tivity. These leadership moves included the students’ initiations to change the ma-
terials used in their project or adjusting the materials they used to fit the group’s
needs better, and suggestions to make changes to their initial design.

Seeking out resources

The students frequently encountered challenges that required them to alter the
course of their joint activity. Consequently, the students often needed external re-
sources to overcome such challenges. In the FUSE Studio, external resources were
manifold, including the FUSE Studio digital platform, teachers, and peers. Thus,
making use of these resources required students to step up and take the lead. The
leadership moves in this category hence influenced the extent to which the students
used the various available resources in the learning environment.

Giving guidance and support to other group members
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The aim of the FUSE Studio design principles is to develop students’ relative
expertise, also encouraging them to act as mentors for their peers (Stevens et al.,
2018). Taking such a role required the students to monitor the work of the other
group members, to influence their activities, and thus take leadership in the joint
work. With these leadership moves, the students helped their peers in using the
FUSE Studio digital platform, including its instructions, giving guidance in using
the materials and technologies, and providing support in designing and envisioning
the shared artifact. These leadership moves were important in the sense that they
promoted all group members’ participation in creative collaboration.

4.2.2 The dynamics and consequences of students’ emergent
leadership during creative collaboration

To answer the second research question, regarding how socially constructed
leadership was related to students’ collaboration in the FUSE Studio, the analysis
focused on the evolving interaction of two groups in more detail. In the first group,
the students had unequal opportunities to lead joint work. In the other group, such
opportunities were more equal among the students. Moreover, the interaction in
the two groups appeared to construct two different modes of leadership, which had
consequences for the students’ collaboration.

The interaction in the first group constructed a dominant mode of leadership.
This mode of leadership consisted of one student overpowering the others by ignor-
ing and rejecting their contributions or bids to take the lead. The others also let this
one student dominate their work. Such dynamics of the students’ emergent leader-
ship resulted in asymmetric opportunities to contribute to the joint work and cre-
ated interactional tensions. Moreover, the dominant mode of leadership restrained
the group from reflecting on and including multiple perspectives and ideas in the
process of creating a joint artifact.

In the second group, a shared mode of leadership was constructed in the evolv-
ing interaction between the group members. This mode of leadership consisted of
symmetrical opportunities to lead the joint work, flexible shifts in leading and fol-
lowing, and combining multiple perspectives and ideas during the activity. The in-
teraction analysis also showed that within this group, leadership moves that gave
guidance and support to others advanced the joint work and promoted all group
members’ ability to take initiative and leadership in the group work. Overall, the
shared mode of leadership had positive consequences for the students’ collabora-
tion.

Overall, the dynamics of emergent leadership, specifically the modes of leader-
ship that were constructed in the students’ interaction had consequences for how
STEM-related knowledge was co-constructed within the group — a dominant mode
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of leadership created obstacles as a shared mode promoted the co-construction of
such knowledge. In addition, the shared mode of leadership created a space for the
students to envision how things could be and promoted the students’ opportunities
to incorporate their knowledge creatively in the joint project, promoting joint crea-
tive thinking.

4.3 Study lll: The collective construction of innovation
practices in the school makerspace

Study III focused on innovation practices in the FUSE Studio makerspace. By
analyzing the videoed interaction of the students and teachers in the two FUSE Stu-
dios, an aim of the study was to shed light on social practices that support innova-
tion creation. The analytical focus was on the actions the participants took when
creating innovations and on the collective innovation practices that were con-
structed from these individual actions.

As aresult of a detailed micro-analysis, three distinct innovation practices were
found: taking joint action to innovate; navigating a network of resources; and
sustaining innovation practices. These three practices were an outcome of verbal
and non-verbal actions, mediated by the affordances of the environment that re-
curred in the interactions of teachers and students across the episodes analyzed.
Importantly, although innovations were an outcome of students’ personal projects,
they were also an outcome of collective practices. More specifically, the processes
of innovation creation involved joint efforts from others and engaged other mem-
bers in the community in celebrating the process and outcomes of innovation crea-
tion. I now move on to depict the three types of innovation practices in more detail.

4.3.1 Taking joint action to innovate

Students’ innovation creation in the FUSE Studio was sparked by taking joint
action to innovate. Typically, the students’ innovations were driven by situations in
which they encountered a technical problem. In addition, some innovations were
driven by the students’ personal aspirations to extend the ready designed FUSE Stu-
dio projects. Moreover, the students’ agentic actions, coupled with a teachers’ sen-
sitivity to support such actions enhanced the students’ opportunities to innovate.

The actions that constituted these practices consisted of acknowledging a joint
aim, evaluating central concerns and actions to be taken, gathering materials, peers,
and teachers around the project, and encouraging the students to innovate. Alt-
hough the innovations were created by individual students or small student groups,
we could observe collective practices that supported the students’ innovating. It was
typical in the FUSE Studio that teachers and other students gathered around the
innovations that were being created — either spontaneously or by invitation. Such
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collective movements around the innovations were seen as empowering students to
deviate from the ready-made FUSE Studio projects and to innovate. Moreover,
gathering around the innovations enabled the students and teachers to collaborate
and together evaluate core issues and actions to be taken. Tackling the difficulties
together encouraged the students to persist with their innovation projects. Overall,
the students’ and teachers’ collective engagement was seen as central for innovation
creation in the FUSE Studio.

4.3.2 Navigating a network of resources

Taking joint action to innovate often resulted in navigating a network of re-
sources. The students’ and teachers’ actions that constituted this innovation prac-
tice included creative explorations to use the tools and materials available in the
space and using teachers’ and other students’ expertise to find alternative solutions
to encountered problems. Thus, the participants’ actions included verbal commu-
nication, but were further mediated by the materials, tools, and technologies of the
environment. The materials, tools, and technologies used to construct this innova-
tion practice consisted of the FUSE Studio material kits and other materials availa-
ble to the participants.

As was the case in the previous innovation practice, navigating a network of re-
sources was also a collective endeavor of multiple teachers and students. Figure 7
shows how the participants gathered to collaborate. Their interaction around the
technical issue was mediated by the materials, combined from various sources. The
students’ and teachers’ joint attempts to think with and use the materials, tools, and
technologies available in the FUSE Studio allowed the use of all available
knowledge. The study argues that this was a key factor in innovation creation.

The teachers’ sensitivity to students’ actions was the key to taking joint action to
innovate. Similarly, the teachers’ pedagogical approaches were seen to promote the
students’ innovating. It was evident that bringing the teachers’ knowledge into the
collective interaction, yet simultaneously giving room for the students’ skills and
knowledge promoted the participants' joint engagement and co-construction of
knowledge, contributed to innovation creation.

4.3.3 Sustaining innovation practices

The third type of innovation practice constructed in collective interactions be-
tween students and teachers we call sustaining innovation practices. The actions
that constituted this practice were mediated by the space, the materials, and verbal
communication. As was the case in the two other innovation practices, the students
and teachers typically gathered around the created innovations. In this innovation
practice the gathering was driven by celebrating the innovators’ accomplishments.
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The gathering further enabled the other participants’ collective involvement in the
innovations, as they shared the tangible materials to test and play with the created
innovations. Sharing and collectively celebrating the innovations also allowed the
participants to ideate modifications and future use to the created innovations.

Sustaining innovation practices consisted of actions that were connected to the
creation of innovations, and further contributed to a culture in which students are
encouraged to innovate and their innovative creations are collectively valued.
Mainly, this was practiced through gathering around the innovations that were cre-
ated. Gathering around the innovations allowed other students to relate to innova-
tion creation, potentially inspiring them to innovate. Moreover, the gathering ena-
bled the teacher and the students to imagine ways in which the innovation projects
could be further developed as part of other school activities, including arts and
crafts classes. The study thus argues that this innovation practice could help sustain
innovation activities at school and promote students’ learning to innovate. Based
on the analyses, sustaining innovation practices requires collective efforts from the
teachers and students working in the makerspace environment. The teachers’ sup-
port in giving room for students’ innovation and underlining the students’ owner-
ship over their projects was particularly pivotal. The collective interactions around
innovations in the FUSE Studio created a climate that was fruitful for creating in-
novations.

Figure 7 Six Students and a teacher have gathered to overcome a technical issue with a solar-pow-
ered miniature car. Their interaction is mediated by several FUSE Studio material kits
and a lamp.
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5 Discussion and conclusions

This dissertation investigated how students’ leadership and innovation practices
can be fostered in a primary school makerspace. Although leadership and innova-
tion skills are important in succeeding in the 21st century (Binkley et al., 2012;
Chalkiadaki, 2018), research on students’ opportunities to develop these skills has
been limited. Moreover, although makerspaces are known to promote student ini-
tiative in personal projects (Dougherty, 2012; Hilppo & Stevens, 2021; Peppler et
al., 2016b) and to foster innovation creation (Farritor, 2017; Gantert et al., 2022),
these aspects of school makerspaces so far have not been explored. Hence, the aim
of my dissertation was to investigate the conditions and social dynamics that sup-
port distributed leadership and innovation practices in a primary school’s mak-
erspace, the FUSE Studio. By focusing on distributed leadership and innovation as
social practices, my doctoral dissertation makes an important sociocultural re-
search contribution to the field. Specifically, the dissertation makes the following
main contributions: 1) it extends current research knowledge on leadership and in-
novation practices, by studying teachers’ and students’ collective interactions that
foster or challenge their development, 2) contributes to sociocultural approaches in
makerspace research by shedding light on the conditions of a school makerspace
that shape leadership and innovation practices, and 3) informs practice by explain-
ing the teacher’s role in the construction of leadership and innovation practices. The
discussion will focus on these research contributions, consider the limitations of the
study, and provide some directions for practice and future research.

5.1 Implications for research on leadership and innova-
tion practices

Being one of the few studies that have investigated primary school students’
leadership and innovation practices in a makerspace context, my dissertation con-
tributes to research knowledge about leadership and innovation practices. Specifi-
cally, as schools are increasingly extending their learning environments to include
makerspaces, the results of my doctoral dissertation contribute to a growing under-
standing the educational potential of makerspaces educational to foster the devel-
opment of leadership and innovation creation. The results demonstrate ways in
which students working in makerspaces gain opportunities to learn how to lead and
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to innovate, both of which have been presented as key 21st century skills in sev-
eral educational policy documents (e.g., Binkley et al., 2012; Chalkiadaki, 2018; Eu-
ropean Commission, 2019).

Echoing previous research, the results of all three sub-studies point to the fact
that makerspaces can promote students’ opportunities to take the lead over their
projects (Sheridan et al., 2013) and foster the creation of innovations (Gantert et
al., 2022). Adding to the existing research, my dissertation sheds light on how some
of the salient aspects of makerspaces enable leadership and innovation practices to
develop. Specifically, the dissertation shows how the creative and open-ended pro-
jects and community interaction — of which I use the term collective interaction —
create a space for leadership and innovation practices to be socially constructed (see
e.g., Sheridan et al., 2014). In addition, the dissertation extends current research
knowledge by showing how the distributed leadership and collective innovation
practices are connected to students acquiring related 21st century skills.

First, Study II showed that students' opportunities to work on creative projects
required them to self-organize their activity, including who to work with and how
to carry out joint projects. Moreover, the open-ended nature of the makerspace ac-
tivities required students to lead their activities by coordinating joint work, making
use of the resources in the makerspace environment, exploring alternative ideas,
and supporting peers during the learning projects. Previous research has noted that
creating emergent objects in makerspaces requires students to negotiate individual
ideas and visions and deal with various issues as they emerge during joint work
(Seitamaa-Hakkarainen et al., 2022). Such negotiations can be quite demanding for
the students. Based on Study II, socially constructed leadership appeared to provide
structure for the students’ work on such emergent objects. Socially constructed
leadership helped students to attend to the details of creative work, manage the use
of tools and materials, and promoted the groups’ ability to follow and monitor the
overall processes of their activity. These all contributed to productive joint work.

Second, Studies 2 and 3 pointed out that students’ and teachers’ collective inter-
action around the students’ projects created a platform for the social construction
of leadership and innovation practices. Importantly, such collective interactions
shaped the participants’ interaction around new ideas, contributing to collaborative
learning during making projects. This is because previous research has shown that
such interaction can promote knowledge construction, develop new understand-
ings and ways of thinking, and can enhance envisioning alternative outcomes (Miell
& Littleton, 2004; Rojas-Drummond et al., 2008; Rojas-Drummond et al., 2014;
Shin et al., 2004). The results of Studies II and III clearly show that these pivotal
aspects of collaborative learning were promoted in more traditional collaboration
by a shared mode of leadership in Study II, and during momentary, divergent col-
laboration between students and teachers through collective innovation practices
in Study II1.
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The studies of this dissertation also showed that when taking part in leadership
and innovation practices, the participants took actions that resemble skills regarded
as important for productive leadership and innovation creation. Therefore, I argue
that the making activities provided opportunities for students to practice such
skills. In the groups we analyzed in Study II, the students needed to communicate
their ideas to others clearly and effectively to influence the group work. This in-
cluded presenting and promoting new ideas, formulating arguments, considering
the arguments of others, and managing the group work by planning, monitoring,
and setting goals. Group management also included leveraging the strengths of oth-
ers to accomplish the common goals. The students thus practiced leadership skills
often depicted in various 21st century skills frameworks (Binkley et al., 2012;
Chalkiadaki, 2018). Their collective interactions also promoted the students’ ac-
knowledging problems, critically reflecting on alternative perspectives, and net-
working to find solutions, all regarded as important innovation skills (Marin-Garcia
et al., 2016; Vincent-Lancrin et al., 2019). In addition, as leadership and innova-
tions were collectively practiced between students and teachers, the practices ena-
bled the participants to learn from one another. Studies 2 and 3 pointed out that
when collaborating with others — whether in more traditional form (Study II) or
during divergent collaboration (Study III) — the interactions promoted the students’
awareness of what others are doing, often depicted as a core leadership skill (Pes-
cosolido, 2001; Shin et al., 2004). During collaboration, the students (Study II) or
students and teachers (Study III) supported each other’s work by providing instruc-
tions, supported the use of tools and materials, and modeled ways to solve prob-
lems, all considered to be leadership skills in previous research (Lee et al., 2005;
Shin et al., 2004).

Although the learning conditions (the space, the materials, the interactions) in
the FUSE Studio clearly provided opportunities for students to practice leadership
and innovation, it was at times demanding for students to take part in such social
practices. Previous research has stressed the role of participants’ individual trajec-
tories in influencing their interactions (Barron, 2003; Eteldpelto, 2017). Such tra-
jectories were also visible in the three studies that constitute this dissertation. Both
the students’ and teachers’ trajectories — including their orientations to the activity
— had a pivotal role in the construction of leadership and innovation practices, as
the individual trajectories shaped the participants’ opportunities to take part in the
learning activities. Specifically, the students’ trajectories in Study II constructed
dominant and shared modes of leadership, which in turn, resulted in qualitatively
different forms of creative collaboration. The dominant leadership mode created
obstacles for the students’ participation in STEM knowledge creation and creative
collaboration as the students had conflicts, discussed fewer ideas, and had asym-
metrical opportunities to contribute to creative collaboration. In contrast, the
shared leadership mode invited the students to co-construct knowledge and to take
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part in leading creative collaboration jointly. Similarly, the results from Study III
revealed that the teachers’ orientation to the activity promoted sharing responsibil-
ity between teachers and students. The sharing of responsibility enhanced the inte-
gration of knowledge from various sources, providing equal opportunities to take
partin innovation. Based on these results, I argue that paying attention to how lead-
ership and innovation are collectively practiced can help promote the educational
objectives of makerspaces, such as equity and inclusivity (Giusti & Bombieri, 2020).
To support makerspaces as democratic learning environments, it is important that
the social situations in makerspaces are open to shared leadership and collective
innovating (see also Skaland, 2022).

5.2 Implications for sociocultural approaches in the re-
search of social practices in makerspaces

Makerspaces are commonly described as constructionist learning environments
(Halverson & Sheridan, 2014; Keune & Peppler, 2019; Peppler et al., 2016b; Sheri-
dan et al., 2014). The constructionist theoretical perspectives that mainly rely on
Papert’s (1991) work have thus greatly influenced the theoretical approaches ap-
plied in previous makerspace research. In addition, there is a growing research
strand that has investigated learning activities in makerspaces from socio-material
perspectives (e.g., Kumpulainen & Kajamaa, 2020; Mehto et al., 2020). Yet, soci-
ocultural theorizing has also proved to be a fruitful theoretical lens through which
to understand learning in a school makerspaces context (see e.g., Kajamaa & Kum-
pulainen, 2019, 2020). My study therefore contributes to the (so far) less used so-
ciocultural theoretical approaches in makerspace research. The theoretical ap-
proach applied in all three studies contributes to research knowledge of the greatly
emphasized community aspects of learning in makerspaces (Sheridan et al., 2014).
Overall, the findings of my dissertation underscore that leadership and innovation
were collectively practiced in interactions between teachers and students. In addi-
tion, the sociocultural theoretical approach helped to reveal some conditions within
which the FUSE Studio environment mediated the participants’ interactions con-
tributing to the leadership and innovation practices. The theoretical lens also shed
light on how leadership and innovations as social and cultural practices could re-
produce or challenge the existing ways of being and interacting in a formal school
context (see Wertsch, 1994).

All three studies point to the fact that the participants’ interactions were medi-
ated by the available tools and materials and the pedagogical setting (including
open-ended projects and the technological infrastructure). In Study II, the materi-
als used by the students mediated the students’ access to leadership roles in creative
collaboration particularly through coordinating the use of the materials, using the
materials to explore alternative ideas, and using the materials to support peers
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during the learning projects. Moreover, in Study III, the materials available in the
makerspace inspired the students and teachers to create innovative designs and
technical solutions in their learning projects. In the teachers’ narratives analyzed in
Study I, the teachers saw the pedagogical setting of the FUSE Studio environment
as quite naturally allowing them to facilitate students’ personal projects. For exam-
ple, the teachers felt that the students’ leadership of projects was supported by the
digital FUSE Studio platform as it prompted the students to use various sources of
expertise. In addition, the FUSE Studio model in principle encourages students to
make personal sense of the projects available (Stevens et al., 2018). Researchers
also argue that as in makerspaces, students’ personal projects are valued
(Dougherty, 2012; Peppler et al., 2016b), students can develop ownership of pro-
jects (Fields et al., 2018; Sheridan et al., 2013) and can be encouraged to innovate
(Gantert et al., 2022). The results from Study III are evidence that the open-ended
nature of activities gave room for the students’ imagination and creative engage-
ment in the learning projects. Moreover, adding to existing research, Study III
showed how the above-mentioned potential of makerspaces is realized through
emergent social practices. For instance, gathering around the students’ projects ap-
peared to promote the students’ sense of ownership over their projects and showed
appreciation for modifying the projects to fit personal aspirations. When gathering
around the projects, the students and teachers took joint action to innovate, to-
gether they learned to use all available resources, and created practices that could
help sustain student-led innovation activities in the school more widely.

My socioculturally oriented doctoral dissertation also shows that it was useful to
examine leadership and innovation practices as connected to the participants’ his-
tories, their present actions, and anticipated futures in the formal school context. It
is evident that there are aspects of makerspaces that create opportunities for stu-
dents to take the lead and to innovate. Yet, the results of Studies 1 and 3 highlight
that despite the opportunities the makerspace environment offers for distributed
leadership and innovation practices, makerspaces do not automatically foster such
practices. The narrative analysis particularly showed that it requires collective ef-
forts from the teachers and students to learn how to work within a novel, more open
learning environment, and make use of the opportunities offered by it. For example,
even though the FUSE Studio design principles aim to support the use of all availa-
ble expertise and peer tutoring (Stevens et al., 2018), in Studies I and III students
tended to rely on the expertise of the teacher and expected the teacher to take the
lead of their learning activities. This underscores that it can be difficult for the stu-
dents and teachers to transform the sociocultural setting of formal school by break-
ing away from the well-established ways of interacting at school. To make use of the
opportunities for students to grow as leaders and innovators in their own learning,
it is necessary for students and teachers to be willing to change their roles at school,
and to collaborate to lead and innovate together in the makerspace.
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5.3 Implications for reconstructing practice

The results of my doctoral dissertation also have implications for practice in
school makerspaces. Overall, the results of the three studies undertaken as part of
this dissertation highlight that learning to take leadership and to innovate entails
collective efforts from teachers and students. Consequently, as a final contribution
of this dissertation, I wish to discuss the teacher’s role in leadership and innovation
practices. Specifically, the results of my dissertation show that the teachers’ peda-
gogical orientation plays a pivotal role in leadership and innovation practices.

First, the teachers’ narratives in Study I highlighted that distributing leadership
in the makerspace environment is a collective learning endeavor of the teachers and
students. The narratives of student-led leadership particularly suggested that a
teacher’s orientation to facilitate students’ projects could encourage students to
take more leadership in the FUSE Studio. The results from Study II also under-
scored that taking leadership in joint work was challenging and the students needed
their teachers’ support in constructing inclusive and productive leadership prac-
tices. Second, Study III revealed that the way the teachers enacted their orientation
to the making activities, i.e., how they made sense of the learning environment and
made choices in their interactions with the students (see Etelapelto, 2017), had vis-
ible consequences for the students’ engagement in the innovation practices. For in-
stance, although the students at times relied on the teachers’ expertise in tackling
technical issues, the teacher played a pivotal role in recognizing the students’ ex-
pertise and encouraging students in using that expertise. I argue that the dynamic
integration of teacher and student expertise potentially contributed to the students
learning to innovate in these types of interactional processes. It was also evident in
Study III that the teachers’ orientation to the students’ making activity allowed the
teachers to let go of the boundaries set by the ready-made FUSE Studio project in-
structions. In turn, this enabled the teachers to facilitate the students’ innovation
processes. The sustaining innovation practices in Study III also showcased how an
orientation towards facilitating students’ innovation projects allowed the teacher to
think about extending the students’ projects outside the FUSE Studio makerspace.

Existing research evidence shows that makerspaces can promote teachers’ re-
thinking their pedagogical practices (Becker & Jacobsen, 2020). For example, a
study by Rajala and Kumpulainen (2017) showed that teachers’ agentic orientations
affect the extent to which they promote students’ personal aims and authority over
learning projects or reinforce more traditional ways of teacher-student interaction.
Although I did not specifically focus on teachers’ agentic orientations in my disser-
tation, I argue that the teachers’ agentic orientations and their enactment could play
arole in how manifold sources of expertise are valued and used, how students’ lead-
ership is supported, and how students’ innovation projects are supported in the for-
mal school context.
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5.4 Study limitations, directions for future research, and
concluding remarks

My dissertation has limitations that require consideration. First, the research
relies on video and interview data. Such data are affected by researchers’ choices,
such as the placement and focusing of the cameras (Heath et al., 2010) and by the
themes chosen for the semi-structured interviews. Therefore, important aspects of
leadership and innovation practices might have happened outside the scope of our
recordings or might not have come to light due to the themes discussed during the
interviews. I also wish to highlight that the results of my dissertation research rely
solely on my interpretations and those of the research team, of the video and inter-
view data. Such interpretations can always be otherwise as it is the researcher who
places the actions of individuals in a meaningful context (Clandinin & Connelly,
2000; Richardson, 1990). The research participants rarely showcased leadership or
innovations by explicitly stating that they will lead, let others lead, or that they are
working on an innovation. The analyses rely on interpretations as well as on the
theoretical understanding of leadership and innovations as social and cultural prac-
tices. Future research should focus on developing research methods that could help
track and analyze students’ leadership and innovation practices, including students’
own perspectives, in makerspaces and other environments alike.

I also acknowledge that my dissertation research was restricted to a specific
makerspace, the FUSE Studio, and to the specific contexts at two Finnish schools.
There are many other types of makerspaces, such as other kinds of school mak-
erspaces, online makerspaces, and out-of-school makerspaces (Peppler et al.,
2016a) that each have individual characteristics. Moreover, particularly the reper-
toire of materials in the participants’ use shapes their interactions and learning ac-
tivities in these various types of makerspaces (Keune & Peppler, 2019). I also rec-
ognize that contextual features such as school culture and the support the partici-
pants receive play a major role in their activities. It would therefore be important to
investigate other social practices at the school level and how school level practices
can support the collective construction of leadership and innovation practices. The
research participants were also new to the FUSE Studio environment, so it is possi-
ble that the participants’ experiences and actions took new forms once they became
more accustomed to working in the makerspace. Although I believe that analogous
practices emerge in other similar learning environments, it is possible — even likely
— that other forms of leadership and innovation practices would also emerge in dif-
ferent makerspace and school contexts. Makerspaces are increasingly introduced in
formal educational contexts (Juurola & Wirman, 2019) and best practices for teach-
ing in makerspaces are still emerging (Rouse & Rouse, 2022). This dissertation pro-
vided some insights into how students leadership and innovation practices could be
fostered in school makerspaces. However, it would be important for future research
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to focus on leadership and innovation practices in other types of school mak-
erspaces to enrich the research understanding about these important issues.

This dissertation has shown that there is much potential in school makerspaces
to promote students in learning to take leadership and to innovate. The sociocul-
tural theoretical approach of this dissertation helped reveal the conditions of the
FUSE Studio that promoted the construction of leadership and innovation prac-
tices. In addition, the sociocultural theoretical orientation provided a lens through
which to understand that it demands collective efforts from students and teachers
to learn how to distribute leadership and innovate in the formal school context. Alt-
hough the established ways of being and interacting at school may challenge the
distributed leadership and collective innovation practices, the teachers and stu-
dents of the FUSE Studio together were making efforts to increase the students’
authority and control over their making and learning in the future. This ongoing
interactional process was seen to be important for the students’ learning to lead and
to innovate, as advocated by various 21st century skills frameworks. Considering
these results, future research should focus on how leadership and innovation skills
are developed longitudinally across K-12 education and in different types of school
makerspaces. It would also be important for institutions offering teacher training
to develop their programs to increase the teachers’ knowledge of the social condi-
tions and collective interactions that can support students’ learning of necessary
21st century skills.

It has been argued that schools should offer learning situations in which stu-
dents learn to lead, to communicate, and to think creatively and innovatively. This
is because for many, schools are the only place to learn such skills (Binkley et al.,
2012). Promoting students’ opportunities to lead and to innovate can enhance stu-
dents’ engagement in various learning situations (Sedlaéek & Sedova, 2020). It can
also help students identify what they have learned, promoting their understanding
of their personal capacities and competencies (Biesta, 2020). This dissertation con-
tributes to the understanding of the opportunities and tensions in leadership and
innovation practices in a primary school makerspace. Thus, the research insights
will be useful to researchers, practitioners, and policy makers interested in devel-
oping similar educational contexts. The dissertation has opened discussions re-
garding the importance of understanding leadership and innovation practices in the
makerspace context and provided some directions on how these phenomena could
be considered in future research. Moreover, the dissertation has highlighted how
sociocultural theorizing can deepen research understanding of how the makerspace
environment can promote students’ learning to lead and to innovate. The research
insights inform practitioners and policy makers by showing how the social circum-
stances and teachers’ and students’ collective interactions could be considered
when developing makerspace learning environments and designing teacher train-
ing.
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