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and institutional supports offered in multilevel reforms.

Background We investigate the factors that shape teachers'implementation of a school STEM reform—the creation
of a high-school makerspace. Educational reformers have increasing interest in making and makerspaces in schools.
Prior research shows how factors shape reform at the classroom, school (organizational), and institutional levels, as
well as across levels. However, most research on teachers tends to focus on classroom-level effects, which may not
capture the full complexity of how they navigate multilevel reforms. We consider teachers’ decision-making from an
ecological perspective to investigate what shapes their implementation efforts, using observational and interview
data collected over 2 years in a large comprehensive high school.

Results We find teachers'efforts are shaped by four “distances"—or spaces teachers traversed, physically and con-
ceptually—related to skillsets and distributed expertise, physical space, disciplinary learning, and structural factors.
The distances operate as a constellation of factors—independently identifiable, co-operatively manifesting—to shape
implementation. We position teacher deliberations and decision-making as portals into the forms of organizational

Conclusions The paper contributes insights into makerspace implementation in schools, adding to the emerging
literature on how making can transform STEM learning experiences for students. We conclude that teachers' decision-
making around multilevel implementations can inform our understanding of how makerspaces are implemented and
their impact on students’experiences, as well as how seeing teachers as multilevel actors can offer new insights into
reform dynamics writ large. We offer implications for makerspaces in schools, as well as methodological and theoreti-
cal considerations for how organizations and institutions can better support teachers as agents of STEM reform.

Keywords STEM, Makerspaces, Teacher learning, Reform implementation

Introduction

For nearly a decade, educators have increasing interest
in “making” and “makerspaces” in schools. Making is an
activity involving design and construction of artifacts,
ranging from weaving to programming microcomputers,
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in ways meaningful to the learner (Halverson & Sheri-
dan, 2014). Makerspaces are places where students can
engage in these hands-on making experiences (Hatch,
2013). Pedagogical approaches used in making and mak-
erspaces can support students’ agency; inquiry with
materials; approaches to design and problem solving;
design self-efficacy; science, technology, engineering, and
mathematics (STEM) literacy practices; and engagement
in different and more equitable forms of STEM learning
(Andrews et al., 2021; Bevan et al., 2015; Calabrese Bar-
ton & Tan, 2018; Martin et al., 2018; Puckett & Gravel,
2020; Sheridan et al., 2014; Tucker-Raymond & Gravel,
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2019). Schools are increasingly implementing making as a
STEM reform effort (Martin, 2015), yet there are still rel-
atively few studies that explore how schools adopt maker
education in K-12 settings (e.g., Hansen et al., 2019; Kim
& Sinatra, 2018; Rouse & Gillespie Rouse, 2022; Stornaiu-
olo & Nichols, 2018; Vongkulluksn et al., 2018). Making
in schools requires careful consideration of how teach-
ers navigate new activities and spaces and how schools as
institutions shape their implementation.

Bringing making to schools has largely been driven by
educators and researchers interested in reforming STEM
learning pathways for K-12 students (Kim et al.,, 2019).
Maker pedagogies, maker technologies, and makerspaces
offer promise for supporting interest-driven, individual-
ized STEM educational experiences aimed at enhanc-
ing opportunities for students to make meaning through
inquiry, design, and investigation (Halverson & Peppler,
2018; Martin, 2015). There has been some increase in
studies of making and makerspaces in K-12 schools in
recent years, with important focus on pedagogical inter-
ventions, technologies, and outcomes of different forms
of making (Rouse & Gillespie Rouse, 2022), but research
has not focused on factors shaping teachers’ implementa-
tion of maker activities in schools. In this paper, we add
to this literature by describing the implementation of a
makerspace—a physical space in the school building—
as a STEM reform, where new configurations of people,
tools and materials, and activities can support STEM
learning (Hira & Hynes, 2018).

There is extensive research on how STEM reforms
involving inquiry, design, and investigations (National
Academies of Sciences, Engineering, and Medicine,
2019) are implemented in schools, with one prominent
example being the Next Generation Science Standards
(NGSS Lead States, 2013). Research on NGSS illus-
trates how factors operating across classroom, school,
and larger institutional levels shape implementation. At
the classroom level, teachers’ content knowledge and
disciplinary practices, agency, and sensemaking shape
implementation and pedagogy (Allen & Penuel, 2015;
Severance et al.,, 2016). At the school level, successful
implementation is shaped by professional development
(PD) communities that shift teachers’ beliefs and peda-
gogical knowledge related to new approaches (Reiser
et al., 2017). School leadership also plays a pivotal role
in fostering conditions conducive to teachers learning
new ways of teaching science and engineering (McNeill
et al.,, 2018). At the institutional level, policy guides like
the NGSS appendix defining Science and Engineering
Practices shape how relationships between disciplinary
activity, like science and engineering, are constructed in
schools (Moore et al., 2015). Teachers’ implementation
of such reforms is associated with PD that often fails to
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coordinate standards, instructional needs, and profes-
sional needs (Cassidy, 2018). Successful STEM reforms
rely on complex alignments of factors across levels of the
educational environment, including classrooms, school-
level organizations, and larger institutions (Bybee, 2014;
Coburn et al.,, 2016). Prior research on STEM reforms
like NGSS addresses alignments (Fulmer et al., 2018), but
overlooks teachers as crucial actors, whose experience,
training, certification, and teaching demands stretch
across multiple levels of reform.

At the classroom level, teacher agency appears in deci-
sion-making about how students are arranged, organ-
ized, and what they are asked to do (e.g., Roschelle et al.,
2013). At the organizational level, teachers act to trans-
late standards into pedagogy (Ball & Cohen, 1999). At
the institutional level, they interact with broader policy
contexts, through certification demands and profes-
sionalization, shaping collaboration and how messages
are communicated (e.g., at conferences; Mockler, 2012).
Thus, it is important to recognize teachers’ roles within
the multilevel system in considering how institutional
and organizational factors shape STEM reform imple-
mentation, including bringing making and makerspaces
to schools.

In this article, we examine teachers’ positions within
schools and across institutional levels to describe how
multilevel dynamics shape making in schools. Examin-
ing the introduction of a makerspace and integration of
maker pedagogy at a large urban public high school, we
draw upon over 1000 observation hours of PD and teach-
ing, and 69 interviews with administrators, teachers, and
students over the course of 2 years, focusing primarily on
11 teachers most intensively involved in the PD. Overall,
we identify and describe four “distances” shaping teach-
ers’ use of a newly introduced makerspace and maker
pedagogies. These include what we call skilled distances
between the practices and expertise required in mak-
ing (e.g., woodworking skills) and teachers’ developing
comforts with these skills (operating across classroom
and organizational levels), physical distances between
classrooms and makerspaces (operating across the class-
room and organizational levels), disciplinary distances
between practices of a teacher’s subject area and work
in the makerspace (classroom and institutional levels),
and structural distances between school-level curricu-
lum and policy mandates and new maker activities and
learning arrangements (institutional, organizational, and
classroom levels). The distances are specific to the STEM
makerspace implementation studied here, however,
structural distances relate to broader reform dynamics;
some distances are more easily traversed, while others
are greater and more complex, creating challenges and
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opportunities for teachers as they work to implement
reforms.

The paper offers two major contributions. First, we
contribute to a persistent gap in past research on mak-
erspaces—which has largely focused on informal learn-
ing contexts (see Peppler et al., 2016a)—by identifying
and describing dynamics shaping their implementation
in schools. This work adds to recent research on maker
interventions, technologies, and outcomes (Rouse &
Gillespie Rouse, 2022) by offering a perspective on how
makerspaces are taken up in a particular school con-
text. Second, we uniquely theorize teachers as multilevel
actors to examine how their roles at multiple levels reveal
dynamics across classroom, organization, and broader
institutional levels that shape STEM reform efforts. Both
contributions have implications beyond our specific
case. The first lays groundwork for the ongoing imple-
mentation and study of makerspaces in schools as STEM
reforms. The second draws attention to the importance
of understanding relationships between such pressures as
what a teacher is required to master based on certifica-
tion processes, the content focus of state mandates, and
the skill and pedagogical demands of new reform efforts.
Our study suggests changes at organizational and institu-
tional levels are needed for successful makerspace imple-
mentations. We offer recommendations for addressing
challenges and how this research can inform the imple-
mentation of current and future maker reform efforts.

Makerspaces as school STEM reforms
The Maker Movement in education has been met with
excitement (Dougherty, 2012), imagined possibilities
(Martin, 2015), and cautions (Vossoughi et al., 2016).
Maker education research builds on a history of reforms
promoting technology-mediated project-based learning
(Blumenfeld et al., 2000), where issues of pedagogy and
assessment (Barron et al., 1998) were the primary focus
of the research community. Makerspaces offer renewed
ways of critically examining how technology-rich STEM
spaces are occupied (Kim et al., 2019), how knowledge
and work is understood and distributed (Tucker-Ray-
mond et al., 2020), and how learning arrangements are
reimagined (Vossoughi et al., 2020). Martin’s (2015) com-
pelling case for why schools should integrate making has
been affirmed with research showing how making pro-
vides opportunities for STEM learning (Tucker-Raymond
& Gravel, 2019), for shifting power dynamics around
knowledge, authority, and skill (Vossoughi et al., 2021),
and for building communities that support transform-
ing educational practice through making (Peppler et al.,
2016a).

Making is often associated closely with STEM, vyet
as an activity, it offers ways of focusing less on specific
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disciplinary practices and more on the transdisciplinary
possibilities (Marin-Marin et al., 2021)—where “multiple
disciplines meet and coexist” (Sengupta et al., 2019, p. 3).
Many educators embrace notions of STEAM (where the
“A” is added for arts) as a form of transdisciplinary activ-
ity, involving aspects of the arts in making (Halverson
& Sheridan, 2014). Teaching STEM in integrated ways
supports learning that is situated within “real-world”
contexts that make STEM disciplinary practices more
relevant to learners (Honey et al., 2014; Takeuchi et al,
2020). This vision of making as a STEM reform effort
that also promotes work at the intersections of traditional
school disciplines offers generative opportunities for
learners to weave together approaches that drive mean-
ingful inquiry and creation.

Popularized as an organizing construct in 2005 with
the introduction of MAKE magazine, makerspaces first
appeared in libraries and community centers (Blikstein,
2018). These informal educational environments pro-
duced exciting descriptions of learning that was creative,
hands-on, interest-driven, and engaging for young people
and adults alike (see Peppler et al., 2016b). As the rela-
tionships between making and learning were articulated
(Vossoughi & Bevan, 2014), schools began to wonder
how makerspaces might work to deepen and transform
STEM learning pathways (Kim et al., 2019). The promise
of this movement for education was articulated by Mar-
tin (2015), as national conferences (FabLearn; https://
fablearn.org), and organizations (MakerEd: https://maker
ed.org) emerged to support growing numbers of teach-
ers, administrators, and researchers interested in making
in K-12 contexts. At the same time, important critiques
of the movement emerged around issues of power (Vos-
soughi et al., 2016) and gender (Chachra, 2015; Nor-
ris, 2014). While many schools have built makerspaces
or implemented maker pedagogies (Godhe et al., 2019),
questions remain about how makerspaces are taken up
by teachers in school communities, how teachers learn
to teach in these spaces, and what shapes their success
in transforming STEM learning opportunities (Rouse &
Gillespie Rouse, 2022).

To bring making to their classrooms, teachers must
navigate elements of space, leadership, and curricu-
lar and professional development (Wardrip & Brahms,
2016). Researchers have named the transformative pos-
sibilities of makerspaces in schools and described what
learning through making looks like, including opportu-
nities for interest-driven and situated learning through
design and constructing artifacts (Peppler et al., 2016b).
A recent review of studies on making in schools notes a
range of outcomes for maker education, going beyond
content learning outcomes, and the need for more atten-
tion to teacher learning and equity-oriented approaches
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(Rouse & Gillespie Rouse, 2022). Yet, there is some disa-
greement in the literature regarding how well makerspace
interventions align with schooling ideologies (Godhe
et al., 2019). Stornaiuolo and Nichols (2020) introduce
key tensions for bringing makerspaces to schools, includ-
ing “how infrastructures at the school and district level
support the functioning of makerspaces and how mak-
erspaces are organized internally and within the school”
(p. 123-124). Thus, new research on the integration of
makerspaces into schools—as a STEM reform—and how
teachers embrace making into their teaching amidst the
multitude of pressures that shape practice can contribute
to the movement to bring making to schools.

Multilevel implementation pressures

Historically, research on reform implementation in edu-
cation has focused on one level at a time: the reform (e.g.,
Elmore, 1979) or the teachers (e.g., Cohen, 1990; Hill,
2001). Like implementation research, studies of teacher
learning in reform contexts often adopt single-level
perspectives (Rigby et al, 2016) focused on classroom
practices, leaving a persistent gap in understanding mul-
tilevel dynamics and how teachers navigate them. As we
have noted, the integration of a makerspace in a school
has implications for teachers’ actions across the levels of
the system—it affects classroom decisions and opportu-
nities, it is entangled with school-level and district poli-
cies ranging from schedules to course requirements, and
it surfaces issues of alignment between existing institu-
tional demands and reformed pedagogies that center
inquiry, design, and new visions of disciplinary practice
(Godhe et al.,, 2019). We draw from research on factors
shaping multilevel reform, like the NGSS (Pruitt, 2014),
to motivate our study. This research informs our analysis
of skills, physical spaces, disciplinary learning, and struc-
tural demands, which are categories that structure our
findings.

Reforms often demand new skill development and
learning arrangements, asking teachers to develop
disciplinary knowledge, pedagogical skills, knowl-
edge of students, and skill operating within systems
(Ball et al., 2008; Darling-Hammond, 1996; Friedrich-
sen & Barnett, 2018). Yet, effectiveness is often meas-
ured using student achievement data (Chestnutt et al.,
2019), which focuses implementation on compliance
and fidelity (Ingersoll & Collins, 2017). This constrains
teachers’ curricular and pedagogical autonomy (Smith,
1991) and limits how they can develop new skills and
pedagogies as professionals. Integrating making and
makerspaces in schools resembles other technology
integration reforms (Ertmer et al., 2012), where both
willingness and PD affect implementation (Becker,
2000; Smith et al., 2007). Teachers integrating maker
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pedagogy must develop new practices, including dis-
tributing classroom expertise (Brown et al, 1993),
adopting new roles as co-learners with their students
(Gravel et al.,, 2022), and developing new skills like pro-
gramming, digital design, and fabrication (Sheridan
et al., 2014). This prior research motivated our study
by punctuating the need for opportunities where teach-
ers’ can develop their own making practices (Rouse &
Gillespie Rouse, 2022), such as professional develop-
ment or district-level supports for teacher learning,
as well as exploring new ways to structure knowledge,
expertise, and authority in their classrooms.

Research on how implementations travel across a
school examines how teachers’ relative positions—in
terms of physical location—effect implementation. Frank
et al. (2011) examined diffusion processes within schools,
suggesting spaces teachers occupy in schools, and how
they engage with reform ideas, influence implementa-
tion. Propinquity between teachers, or relative distances
between classrooms within a school building, also shape
responses to new instructional practices. When teachers’
classrooms are closer to each other, conversations around
how to implement new reforms increase (Spillane et al.,
2017). Based on this, we would expect the physical loca-
tion of a makerspace will impact the forms of implemen-
tation that take hold.

Reform efforts like NGSS have had significant influ-
ence on disciplinary practices in K-12 teaching and learn-
ing. The emphasis on science and engineering practices
in NGSS asks teachers to shift their relationships to the
disciplines they teach (Duschl & Bybee, 2014). Oppor-
tunities to reexamine disciplinary practices can support
teacher’s adoption of new approaches (Ball et al., 2008),
and can support moves toward collective agency with
students (Haverly et al., 2018; Stroupe, 2014). Thus, there
are advantages to asking teachers to question what and
how they teach as part of the reform process.

At the institutional level, curriculum frameworks and
testing pressures ask teachers to focus largely on con-
tent. Yet, NGSS emphasizes “core disciplinary concepts”
in relation to “disciplinary practices” in the classroom
(NGSS Lead States, 2013). Teachers must confront com-
peting pressures about what constitutes disciplinary
practices, and how they are understood within a “school”
context (Reiser et al., 2017). These competing pressures
exist across levels (e.g., teacher certification exams pro-
mote content-driven perspectives), and teachers are left
navigating inconsistent messages while having to trans-
late these messages into classroom practice (Allen &
Penuel, 2015). Furthermore, accountability systems that
position teachers as didacts and content managers (Pel-
legrino et al., 2014) are often at odds with messages pro-
moting students’ inquiry and agency in STEM (Miller
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et al,, 2018). Teachers implementing makerspace activi-
ties must navigate and coordinate the substance of the
new approaches and their own histories and relationships
to disciplinary learning (Spillane et al., 2002).

Finally, cutting across all levels of the system are struc-
tural considerations that deeply influence how reforms
are implemented. Many studies address organizational
level dynamics—school buildings and districts—by con-
sidering instructional leadership and administration
(Rigby, 2016; Spillane & Callahan, 2000). For example,
with NGSS, principals’ roles as school leaders require
them to develop fluency with shifting pedagogical com-
mitments (McNeill et al., 2018). However, teachers, too,
must develop this fluency (Manz & Sudrez, 2018) with
how school-level policies affect decisions they can make
in their classrooms. Institutions provide “raw material
and guidelines” (Hallett & Ventresca, 2006, p. 13)—for
example, the curriculum standards, pedagogical ideolo-
gies, and policies regarding specific populations (e.g., stu-
dents with identified and labeled disabilities, or students
labeled as “English language learners” by district, state,
and federal entities)—that shape and constrain the deci-
sions teachers make regarding their practice. Structural
factors affect all levels of the educational system, and in
the case of makerspaces as a multilevel reform, teach-
ers’ responses to navigating these pressures may provide
insights into how those structures shape implementation.

Taken together, this prior research informs our inter-
est in exploring how teachers negotiate multiple levels of
reform, including skills demanded by new pedagogies,
disciplinary boundaries, issues of physical space, and
structural constraints. Our focus is on how makerspaces
are implemented by teachers in the context of a school,
and we look to theoretical perspectives on teacher deci-
sion-making to guide our analysis of how they navigate
multilevel reforms.

Theoretical lens: agency as portal in multilevel
reform

Rather than positioning teachers as passive targets of
reform efforts (Mehta, 2013; Russell & Bray, 2013) we
take an institutional perspective, joining a growing body
of research examining teachers’ roles as agentic “policy
actors” to understand STEM reform efforts (Heineke
et al., 2015). Viewing teachers as actors in a complex and
dynamic system allows us to analyze their experiences
as responses to elements of the reform in the institu-
tional context. The roles teachers perform, decisions they
make, and their descriptions of the pressures shaping
their response to reforms illuminate how the structur-
ing environment—i.e., the teachers’ working conditions,
shaped by district and institutional dynamics (Kraft et al.,
2016)—shapes implementation. Whenever something
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new is introduced to a school context, the pressures
operating within and across levels combine to struc-
ture the responses actors can enact. To understand what
shapes the implementation of a school makerspace we
look to teachers’ decisions as evidence of how that struc-
turing environment supports, or constrains, implementa-
tion. We draw from ecological models of teacher agency
to understand how teachers navigate and coordinate fac-
tors spanning multiple levels of the system in which they
participate, including their own relationships to prior
experiences, new possibilities, and what is perceived as
achievable within their local school context (Wallace &
Priestly, 2017).

Priestly et al’s (2015a) ecological models of teacher
agency offer theoretical grounding for understand-
ing how teachers’ decisions and actions reflect larger
dynamics of reform implementation that operate across
the levels of a system. Teacher agency is historically
undertheorized (Vongalis-Macrow, 2007), and ecologi-
cal models of teacher agency offer considerable poten-
tial for understanding how teachers engage with policy
(Priestly et al,, 2015b). Emirbayer and Mische (1998)
proposed an architecture for theorizing agency: not as a
quality of individuals, but as temporally and relationally
emergent within specific contexts, “there are no con-
crete agents, but only actors who engage agentically with
their structuring environments” (p. 1004). This model
proposes that agency is emergent in specific structur-
ing environments. It is relational in that it emerges from
interactions with the environment (Priestly et al., 2015b).
Teachers’ professional practice evolves within specific
school contexts, organized by their relationships with
policies of the building, district, and within larger insti-
tutional dynamics, like state standards and professional
licensure requirements. When teachers engage agenti-
cally, such as implementing a new pedagogical approach
or shifting classroom structures, their actions constitute
interactions with those structures in the environment.
The introduction of a makerspace to a school community
alters the existing context, and an ecological model posi-
tions teacher agency as reflecting the conditions within
which they practice. Ecological models are temporal
in that they “build on past achievements, understand-
ings, and patterns of action” (Priestly et al,, 2015b, p.
24). When teachers act agentically, we see not only their
response to the conditions, but ways in which their his-
tories and knowledge of the dynamics of the structuring
environment inform what actions appear possible. These
histories constitute teacher practice at the classroom
level, at the school governance and administrative levels,
and in institutional settings like professional learning and
licensure work.
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From an empirical perspective, ecological models offer
a definition of agency that shifts focus toward observing
what actors do, the decisions they make, and the actions
they take with respect to the reform context (Biesta &
Tedder, 2007). The focus in this paper is not on agency
as a construct, rather on using an ecological perspective
to transform teacher decisions into portals that reveal
their relationships to factors in their professional context.
We position teachers’ responses to situational dynamics
within reform efforts as reflections of how the structur-
ing environment is supportive or restrictive of imple-
mentation. We define the structuring environment as
the particular school, as an organization, situated within
larger district and institutional (e.g., statewide or federal
systems) dynamics. Teachers’ deliberations and decisions
are, thus, evidence of factors and logics that shape reform
within the structuring environment. The tensions teach-
ers experience and describe in attempting to implement
something new can provide insights into the ways differ-
ent aspects of a school—at the classroom, organizational,
and larger institutional levels—work toward or against
their efforts. Thus, our study is an opportunity to explore
the dynamics of multilevel reform through the lens of the
actors navigating implementations.

This paper explores how teachers’ institutional and
organizational locations, defined as their relative position
within schools and to disciplinary activity, shape school-
based implementation of makerspaces by addressing the
following research questions:

+ What factors shape teacher implementation of a
makerspace in a comprehensive high school?

+ In what ways do teachers navigate those factors
within the structuring environment?

Methodology

This study draws from a multi-year effort to introduce a
makerspace in a large comprehensive high school, com-
plete with PD activities, experimental course designs,
and opportunities for youth to engage in summer mak-
ing programs. The makerspace, which we call The Work-
shop, occupies a dormant woodshop in the basement of
the large school. The Workshop is located in Brownsville
High School,' with a student enrollment of ~1850 stu-
dents. Brownsville is racially, ethnically, and linguistically
diverse, with students speaking more than 50 languages.
The Workshop opened in Fall 2014, as a design-based
research project (Brown, 1992) examining ways a mak-
erspace influences teachers’ and students’ ideas about

! Pseudonym.
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learning. The effort emphasized engineering-inquiry and
STEM-rich maker pedagogy through after-school and in-
school programming.

Design of makerspace implementation

The installation of the makerspace was an opportunity to
form research—practice relationships in ways shown to
sustain the shifts in practice that reforms intend (Bryk &
Gomez, 2008; Donovan & Snow, 2017). Acknowledging
teachers’ roles across levels suggests working with, teach-
ers, rather than observing them from the outside (Shot-
ter, 2006), could provide novel insights into STEM reform
efforts (Penuel & Fishman, 2012). The research team
forged the partnership with Brownsville in The Work-
shop through four primary activities: a week-long sum-
mer PD, after-school “open studios” making with support
and guidance from researchers leading the efforts, group
meetings to discuss evolving makerspace activity, and co-
planning and facilitation of classroom units.

Maker pedagogy integrates different technologies,
digital and analog, that support processes of design and
fabrication. Integrating different technologies into peda-
gogy is most effective when situated within disciplinary
inquiry (Campbell et al., 2014; Mishra & Koehler, 2006).
Effective technology-related PD includes opportunities
for teachers to engage in technology-mediated learn-
ing themselves, to reflect on that learning alongside data
of students engaging in similar activities, and finally the
modification of curricular activities to fit their particular
pedagogical contexts (Gerard et al., 2011). PD for teach-
ers in The Workshop was designed to focus on engi-
neering inquiry (Hmelo-Silver, 2006; Kolodner, 2002)
and reflective practices in design (Wendell et al., 2017).
This involved the exploration, framing, and addressing
of issues and problems using materials and design pro-
cesses focused on iteration and revision (Peppler et al.,
2016b; Tucker-Raymond & Gravel, 2019). The first author
designed the PD, with consultation from members of the
research team, drawing from Gerard et al’s (2011) princi-
ples for effective technology-related PD. In the year prior
to the PD, the research team spent significant time in the
makerspace supporting youth in after-school open-ended
making. Teachers and administrators expressed the need
for professional development opportunities as interest in
the new makerspace grew. We drew from these experi-
ences in considering how to support teachers to imple-
ment these approaches in their classroom practice.

All teachers were invited to join the summer PD, and
it was the first engagement with The Workshop for all
those who attended. Teachers were positioned as learn-
ers and makers: they framed and solved problems related
to their classrooms, or issues they saw in The Workshop
itself, as means for engaging in making and engineering
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Table 1 Participating teachers [pseudonyms], subject areas, experience, disciplines

Name Discipline/subject area  Years of Undergrad Major Makerspace implementation project
experience

Murph  Automotive, Tech Ed 24 Automotive Technology Designing and making pneumatic mechanisms

Jill Special Education, English 5 Elementary Ed, History

Katie ELL’, English/ 4 English Literature

Humanities

Julia Physics, Engineering 5 Physics Demonstrating physics concepts by building physical objects like
seesaws and pendula

Erin English 10 ELA Education Designing a public art installation expressing the themes from the
novel Frankenstein

Matt Mathematics 5 Mathematics Education Exploring functions using tools/tech in the makerspace; intro-
duced sine wave robot to students

Marilyn  ELL, Science 10 Women's Ministries

Charlie  Chemistry 8 Chemistry Environmental protectors for massing scales for chemistry experi-
ments

Donna  Visual Art 30 Fine Arts

Alex Mathematics 8 American Studies, Mathematics

Cara Mathematics 2 Mathematics

*“ELL" refers to “English language learners’, a designation used by state and district regulations, and a term used with the school to refer to both teachers and students
from specific populations. We acknowledge this term conflicts with asset-oriented approaches, and agree with calls to remove it from our ways of referring to

emergent bilingual and multilingual students (see Gonzalez-Howard & Suérez, 2021)

inquiry. For example, one group designed the “ultimate
teacher table’, a portable charging hub with a wireless
document camera to keep power flowing while enact-
ing lessons anywhere in The Workshop. The research
team complimented these projects with specific skills
sessions focused on coding, robotics, soldering, wood
working, and digital design and fabrication. Teach-
ers also reviewed video data of students working in the
makerspace to look for patterns in their engagement and
interest. The PD culminated with teachers designing les-
sons—some adapting activities from the workshop—to
bring their students to the makerspace, and the formula-
tion of committees to contribute to future governance of
the makerspace.

Over the school year, teachers continued their develop-
ment through paid time spent in the makerspace work-
ing on projects of personal interest (e.g., e-textiles) and
alongside students when interests converged (e.g., build-
ing an electric go-cart) after school hours. Of the 11
PD teachers (see Table 1), six attended the after-school
“open studios” sessions once a week for the school year
(Murph, Jill, Julia, Erin, Matt, and Marilyn?), and five
implemented curricular activities with their students in
the makerspace (Murph, Erin, Matt, Charlie, and Julia).
Teachers who chose to implement a lesson or unit in the
makerspace received support from the research team
for designing, planning, and assembling materials and

2 All teacher names are pseudonyms.

scaffolds for students. In many cases, the research team
also assisted implementation of units, offering help and
just-in-time support for teachers and students. Teachers
participated in three focus group meetings throughout
the school year to share and reflect on their experiences
in the makerspace.

Participants

Teacher participants were recruited through informal
drop-in sessions and individual conversations with the
research team. Teachers chose to participate based on
interest in making and inquiry, and they were compen-
sated for their time. Table 1 describes the teachers, their
disciplinary focus, experience, and the projects they
implemented. The participating teachers represented a
diverse range of expertise, experience, and disciplinary
perspectives, which allowed for the PD to reinforce the
potential of transdisciplinary activities. As teachers
shared their experiences engaging in different forms of
technology-enhanced inquiry in their own practice (e.g.,
engineering projects in the auto shop, art and technology
projects in ELA), they could imagine new possibilities
for how making might enhance their curriculum. Where
most maker education initiatives are STEM focused,
because of the range of subject area teachers, the compo-
sition of the participants from Brownsville High School
allowed us to examine transdisciplinary opportuni-
ties—akin to STEAM—and expand understanding of
how makerspaces influence where STEM happens in the
school and curriculum.



Gravel and Puckett International Journal of STEM Education

Library - 2nd floor

“Caf” - 1st floor
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Matt’s Homeroom

Erin’'s Homeroom

Automotive Shop

The Workshop

Four “Houses” of Brownsville High School
All buildings are connected by bridges at every floor. Branch occupies the 4th floor of the northeast building, Jones
occupies floor 1-3. Howard occupies the entire building to the south. Barker occupies the building to the northwest.

Fig. 1 Schematic representation of Brownsville High School's four buildings, showing the relative position of key locations in the school

The school and the makerspace

Brownsville High School is a 460,000 sq. ft. complex
comprising three connected buildings. Administratively,
the school is separated into four “houses” (Barker, Jones,
Branch, and Howard), each with a principal and counse-
lors. Students are assigned homerooms in one house for
all 4 years. Students’ days are organized based on grade
level and house, each determining where classes meet
and where students spend most class time in their school
day. The library and cafeteria are located in one building,
requiring some students to traverse significant distances
throughout the day (see Fig. 1).

The Workshop, while the center of engineering inquiry
and making at Brownsville High, is located in the base-
ment of the southeast building, called Howard House.
Built in the 1970s, Howard’s original configuration
included an automotive shop (with 6 garage bays) and a
3500 sq. ft. woodshop on the ground level (adjacent the
locker rooms located beneath the gymnasium), a welding
and metal shop located on the first floor, and art studios
and home economics spaces located above the vocational
spaces. The Workshop is located in the old woodshop,

adjacent to the auto shop. At the time of data collection,
the space was still new, with no dedicated staff, and a
very nascent culture. The makerspace was introduced by
the research team in collaboration with the school prin-
cipal as a place to promote inquiry, design, and making,
but with an emphasis on co-designing with teachers and
students based on interests and practices that emerged
as popular and engaging. Activities in the space focused
primarily on framing and solving community-centered
problems, playful explorations of new tools and materi-
als, and repairing bikes and electronics. Students’ and
teachers’ interests were at the center of engineering
inquiry in The Workshop. It operated as a shared space
organized by the committee of teachers, in consultation
with the research team. Brownsville High is an under-
resourced school, particularly with respect to adding
staff positions. While studies of makerspaces in schools
across the country point to the importance of dedicated
staff (Kim et al., 2019), that is not currently possible for
many schools like Brownsville. The makerspace housed
old wood working tools from its prior life, but otherwise
remained relatively low-tech. There were limited digital



Gravel and Puckett International Journal of STEM Education

Table 2 Data sources by teacher

Name Observations by setting Interviews
Classroom Makerspace
Murph 2 42 3
Jill 2 8 3
Katie 2 12 3
Julia 2 8 3
Erin 3 14 4
Matt 4 21 3
Marilyn 2 8 2
Charlie 2 2 2
Donna 2 1 2
Alex 2 2 2
Cara 2 2 2

Observations do not include the week-long PD

technologies (e.g., one single 3D printer, a few robotics
kits), but ample hand tools and crafting materials.

Data collection

We collected primarily qualitative data including ethno-
graphic fieldnotes (Emerson et al., 2011), observations
in the makerspace and in classrooms, video and audio
recordings of events, such as whole-group meetings, and
interviews. We interviewed each of the 11 participating
teachers during the summer PD, in fall, and in spring. We
developed an interview protocol to understand teachers’
relationships to technology reforms, the PD and ongoing
professional learning, their participation in makerspace
programs (e.g., after-school sessions, workshops with
students), and persistent challenges they saw in continu-
ing to develop makerspace activity. The authors con-
ducted and transcribed all interviews.

Observations took place in the makerspace and in
classrooms. We observed each teacher’s classroom activ-
ity in fall and spring. We observed teachers who imple-
mented lessons within the makerspace or implemented
maker pedagogy in classrooms. A protocol guided the
translation of observations into fieldnotes, to capture
data about participation, activities, and conversations;
the authors and trained research assistants conducted all
observations and at times multiple observers generated
multiple field notes of the same observation session. In
addition, video and audio recordings were made to exam-
ine curricular enactments both in the makerspace and
in classrooms, which were used to inform an interaction
analysis (e.g., Gravel & Svihla, 2021). Table 2 outlines the
data sources by specific teacher.

In keeping with our theoretical lens of examining dif-
ferent levels and dynamics of the school as a structuring
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environment, we collected data not just in the space itself,
but from across the school—in classrooms, following stu-
dents as they moved through different spaces, interviews
with counselors and administrators—to gain a more
complete picture of teachers’ experiences, their deci-
sions, and pressures that shaped reform implementation.
In total, over 2 years we conducted over 1000 observation
hours in the makerspace and in classrooms, compiling
355 fieldnotes and 396 video recordings, and 69 inter-
views with administrators, teachers, and students.

Analysis

The analytic processes were iterative, beginning with
three focal teachers who were involved earlier in the
research: Murph, Erin, and Matt. Their persistent pres-
ence and classroom implementations drew our attention
to how teachers were finding ways to use the makerspace
in their teaching. We reviewed data for these key inform-
ants (Miles et al., 2014), including fieldnotes where their
activities were reported, interviews with each of them,
and transcripts of group meetings where they shared
about their work. Summaries of their activities were
transformed into analytic memos (Charmaz & Belgrave,
2007) focused on themes across the key informants’ deci-
sion-making, including: perceptions of the makerspace
(e.g., new possibilities for maker activities), relationships
to transdisciplinarity (i.e., how teachers tangled with
making relative to their content areas), pedagogy (e.g.,
concerns about knowing technology in order to teach it),
and accountability tensions (e.g., constraints of standard-
ized testing).

The initial themes grounded analysis of the larger data-
set of observations, interviews, and meetings of all 11 PD
teachers. We used a multilevel coding process (Saldaiia,
2015) to focus our attention on ways of describing teach-
ers’ deliberations and decision-making. We first coded
statements based on the initial themes and how teach-
ers were discussing them, relative to the classrooms,
issues within the school, or larger institutional factors
like accountability measures. We used an open coding
approach to characterize the tensions teachers expressed
relative to the initial themes. For example, issues related
to disciplines surfaced in the ways that teachers talked
about what they were “supposed” to teach, which we
coded as “math curriculum’; or what mathematics was
“supposed” to look like in schools relative to what they
imagined for the makerspace, which we coded as “math
pedagogy”. This refined set of codes, corresponding to the
initial themes, was further explored using video to con-
firm evidence in fieldnotes and statements in interviews
and meetings about activities the teachers conducted
with their students.
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Table 3 Summary of distances findings: teachers addressing each distance and levels of operation

Distance  # of teachers Levels of operation Characteristics of distance shaping reform implementation
addressing distance
(outof 11)
Skilled 9 Classroom, Organizational Learning constraints of new tools/materials; new configurations of skill
and authority
Physical M Classroom, Organizational Generative tensions fostering intentional planning; limiting engage-
ments
Disciplinary 7 Classroom, Institutional Perceptions of disciplinary learning; new forms of practice; and trans-
lating practice to pedagogy
Structural 11 Classroom, Organizational, Institutional Curricular accountability; policies regarding specific students; safety

and management considerations

The large corpus of video data was used primarily to
hone the initial and refined themes, even though close
analysis of the video was not a focus of the present anal-
ysis. For example, we report on an English teacher who
implemented a STEM-rich makerspace unit, and video
proved central to understanding how that teacher nego-
tiated different pressures within the context of instruc-
tion in order to enact the unit in the makerspace (Gravel
& Svihla, 2021). A second cycle of coding was used to
sharpen our focus towards navigating the physical spaces
of the school, developing skills relative to teaching in the
makerspace, concerns with disciplinary expectations and
demands, and larger structural concerns around account-
ability, safety, and professional responsibility—what we
refer to as “distances” in this paper.

We report the outcomes of this analysis as factors
that operated across more than one level of the sys-
tem—classroom, organization, institution—and how
they shaped implementation, which we identify as four
“distances” The identification of these specific, yet in
many cases also overlapping, distances came from the
expanded analysis of all 11 PD teachers’ participation. We
use specific segments of the data that are representative
of the dimensions of each “distance’, where it operated,
and how overall the distances describe the structuring
environment.

Trustworthiness of our process and findings comes
through thick descriptions (Creswell & Miller, 2000), tri-
angulation and member checking (Curtin & Fossey, 2007;
Merriam, 1998), and the multidisciplinary research team.
Building member checking into the existing implemen-
tation efforts increased the trustworthiness by buffer-
ing against “traps” that can skew the outcomes of these
checks (Carlson, 2010), and primarily took place within
our common and consistent meetings with teachers.
Triangulation involved comparing emerging themes
with evidence from video data, a process enhanced by
the multidisciplinary nature of the research team. Our
research team included sociologists, learning scientists,

engineers, and developmental technology specialists. The
authors are collaborators with expertise in maker edu-
cation (Tucker-Raymond & Gravel, 2019), school-based
technology reforms (Puckett, 2022; Puckett & Gravel,
2020), and learning in design (Gravel & Svihla, 2021). The
range of expertise in designing and studying learning in
making (Gravel) coupled with sociological perspectives
on organizational and institutional dynamics (Puckett)
allowed us to view, analyze, and construct claims through
a multidimensional perspective, lending credibility and
trustworthiness to our inquiry (Guba, 1981). The engi-
neers and developmental technology specialists worked
largely as research assistants but offered essential support
to students and teachers in their efforts.

The research team worked alongside teachers and
students as co-learners, co-makers, and observant par-
ticipants (Erickson, 2006). At times, the researchers
supported teachers and students by sharing techniques
or approaches, but also took great care not to serve as
“experts’, to remain consistent with trying to co-design
the space together. Our approach was intended to build
trust and a collective commitment to understand how a
makerspace might impact the possible learning pathways
for students at Brownsville. Our findings are a selec-
tion of illustrative excerpts from the overall data corpus
organized to address the research questions by using
teachers’ experiences and decision-making to understand
what shaped implementation with the multilevel reform
context.

Results

We identify four distances: skilled, physical, disciplinary,
and structural. These distances describe spaces teachers
traveled, physically and conceptually, in their makerspace
implementation efforts. We explore how these distances
characterize classroom, organizational, and institutional
influences on teachers’ engagements. The findings are
organized beginning with skilled distances and moving
out to structural distances, based on the levels where



Gravel and Puckett International Journal of STEM Education

each operated. An overview of where the distances oper-
ated and how many teachers addressed them (Table 3), is
elaborated with specific evidence of how teachers navi-
gated each distance.

Skilled distances

Skilled distances, or distances related to skills and dis-
tribution of expertise required to implement maker-
space activities, related closely to classroom practice.
Technology-rich pedagogies like making require spe-
cific knowledge and practices regarding the technologies
themselves, the ways tools are used in disciplinary activ-
ity, and how to teach with these technologies (Mishra &
Koehler, 2006). Skilled distances are influenced by two
primary dimensions: (1) opportunities to learn about new
tools, materials, and skills for making, and (2) configura-
tions of skills and authority. These pressures operate pri-
marily at individual and organizational levels, relating
closely to teachers’ classroom practice and organizational
structures that shape skill and expertise configurations
(e.g., the pressure teachers feel to know how to do every-
thing; Giroux, 2018).

The majority of teachers expressed apprehension about
skills required to teach in the makerspace. Katie, an "ELL"
English and humanities teacher, highlighted the distances
between making as an activity and what is required to
enable it in class:

.1 also need to know how to actually operate this
thing because legally when I have a class of 30 kids...
I don’t want to be this person, but I'm like, “Okay, so
how do we do the 3D printer” Teach me...then once
I develop that confidence then I will be free to make
the less-structured project-based assignments.

Katie reflected on the tension of wanting to support
learning in the “project-based” contexts of making, and
not wanting “to be this person’, which we interpret as
resisting pressures to feel as though she has to know
how to do everything in a makerspace. She felt pressure
to know how to use tools if she was to teach a full class-
room. Donna, a visual arts teacher, framed it this way, 7
need to know how do it myself before I come down here
with my students” A number of teachers’ comments
focused on similar concerns:

“This [The Workshop] is a big space, if you're teach-
ing in a makerspace, there’s a big level of mastery”’—
Erin

“And, it’s not easy to teach a class here, bringing my
class, everyone just wanted to jump on the saws. It's
tough, takes a special person”’—Julia

Overall, 9 of 11 teachers expressed concerns regarding
the skills needed to bring large classes The Workshop.
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Anticipating these concerns, we compensated teach-
ers for spending time learning in the makerspace. We
posited that this protected time might support teachers
to develop skill and comfort with new tools and ways of
learning (e.g., engineering inquiry), opening space for
teachers to imagine how their students might learning in
these ways. Marilyn, an “ELL” science teacher, reflected:

... the confidence that I have gained in the maker-
space just over the last month has been exponential,
so I think the more confident that I am down there
and different options that you can do in the space,
because really, the options are endless, but just kind
of getting used to, or more confident with e-textiles
or 3D printing or whatever else people are working
on, I think it’s going to make it easier for me to brain-
storm what can I actually do with my class down
there?

Marilyn and five other teachers regularly attended
after-school open studios. They engaged in a range of
projects: robotics, e-textiles, paper crafting, building an
electric go-kart, making cosplay costumes (Observations,
Fall 2015). Dedicated time and space for teachers to
engage as makers themselves, exploring interest-driven
projects, supported navigating distances between their
own comforts and what they thought it took to bring
classrooms of students to the makerspace. While Mari-
lyn was “getting used to, or more confident” with making,
she hinted it was not necessary to become an expert or
gain “mastery”. Engaging as a maker herself shaped Mari-
lyn’s sense of the possibilities, which would contribute to
her implementation.

Increased knowledge and confidence in The Workshop
constituted only one dimension of skilled distances, how-
ever. Teachers’ own developing appreciation of curricu-
lar possibilities of the makerspace surfaced challenges
regarding how to arrange a classroom to work across
that range. Katie wanted to engage her students in more
“project-based assignments’, but was reluctant to bring
students to The Workshop without knowing how to
use tools. Mastery over all tools in a makerspace is nei-
ther realistic nor a goal. Participation and collaboration
structures that support learning new processes through
making are important aspects of these skilled distances,
including the distribution of skills and authority.

Teachers bridged this skill distance by reconfiguring
classroom roles with regard to expertise. De-centralized
pedagogical approaches where the teacher facilitated dif-
ferent projects, and students served as guides and experts
in various ways led to successful implementation. Six of
the 11 teachers explored this distributed structure for
skills and expertise both in classroom implementations
and in after-school workshops. Erin, an English teacher,
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implemented a 6-week making unit with her English
students in the makerspace, where they distilled themes
from Frankenstein by Mary Shelley inspiring the design
and construction of an interactive public art piece. Stu-
dents designed, planned, and built a large public art
installation. It was not the goal of this project for each
student to gain the same knowledge and skills; the pro-
ject required a distribution of roles, tasks, and expertise.

I ask Erin about what she thinks [of students’ work].
“They are doing everything. Literally I'm just help-
ing with questions” She says that they come in, know
what to do, and get to work, and talk to Sarah [the
student project manager] if they need to know some-
thing. Each person has a job for the day (or maybe
more than a day?), and they seem to have a sense of
what needs to get done. I asked about the two boys
working on code [in Arduino], and Erin said that
Tuyen [student teaching assistant] had helped them
by building some code they could tinker with, rather
than needing to write the entire thing from scratch.
Tuyen had explained the code to Erin earlier that
day, Erin tells me. “Tuyen is a genius” Tuyen’s help
made determining the colors, sounds, and length of
tones easy. “She did an array. Id never heard of that
before!” Erin says Tuyen basically made it so that
their diagrams, the wiring plans, could be translated
directly into the code for the Arduinos that control
each panel. (Observation, Spring 2016)

Erin’s class broke a large task into different compo-
nents, and students focused their learning on develop-
ing specific expertise for the components they chose
(Gravel & Svihla, 2021). This structure was devised in
planning conversations among Erin and the researchers.
The class was further supported another student, Tuyen,
who worked with Erin to assist programming tasks for
the Arduino-controlled art installation. Erin also named
one student, Sarah, the “project manager” She noticed
this student was “very disengaged from that whole pro-
cess ... 1 feel she didn’t think that she was someone who
had the clout to participate” Erin asked if she could be
project manager, organizing tasks, materials, and time-
lines. The student accepted, and Erin said, “She was like
the woman of the class” Her classmates went to her for
help with questions. She received progress reports from
each group and coordinated multiple ongoing tasks. The
decentralized role Erin took in this project, namely the
distribution of tasks and decisions, are evidence of how,
in one case, teachers navigated skilled distances to sup-
port maker implementation.

Material and technical support was crucial in Erin’s
efforts to span skilled distances. While this was resource
intensive, it points toward important supports that
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should be present to encourage teaching in a makerspace.
Time to develop skills as learners themselves contributed
to gains in teacher confidence in their abilities to teach
in the makerspace. Beyond skill development, concerted
efforts to reconfigure relationships to knowledge and
responsibility contributed to successful implementation.

Physical distances
Our findings confirm physical space influences forms of
professional work in educational organizations (Spillane
et al, 2017). However, navigating a large school build-
ing presented both challenges and generative tensions, in
some cases leading teachers to be intentional and organ-
ized. We locate these pressures within the classroom and
organizational levels of the system, as they relate most
closely to teachers’ assigned classroom locations and
movement patterns within the larger school building.
Figure 1 includes a representation of Brownsville HS.

The distances from The Workshop to other locations
in the school building influenced teachers’ engagements
with the space; this first emerged after the summer PD:

“[Researcher’s name] talks about the after-school
space and if there are teachers who want to be here
to facilitate; he says he can be here, too. Murph ...
he’s already here (next door in the auto shop) so he
can be in the makerspace” (Observation, Fall 2016).

In this note, [Researcher] talked with teachers about
facilitating students’ access to the space in after-school
hours, but all the PD teachers commented about the
makerspaces’ location, in the basement of one of the four
school buildings; it is not centrally located, nor would
students or staff find themselves walking by it on their
way to any other location. For Murph, traveling to the
makerspace was easy—he was already next door—and
he came to The Workshop regularly after school. He fre-
quently brought classes to the makerspace as well. His
training in vocational education supported his physical
presence, as he referenced teaching engineering design in
his courses and feeling comfort with making (PD Inter-
view, Fall 2015). Other teachers, whose homerooms were
not adjacent to the makerspace, had differing engage-
ment levels.

Jill, a special education teacher who worked two floors
up and a building away, expressed her challenges in this
same discussion: “I think it’s hard to get to. I mean, I'm on
the other side of the building but I think the drawback for
some students is they think it's a long walk” Jill acknowl-
edged the distance for her and her students, nearly 5 min
of walking and climbing stairs. Students whose classes
met in the makerspace were routinely late to other
classes because of the distance from other classrooms,
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and Brownsville’s bell schedule (at the time) allowed zero
minutes for passing. Jill introduced another perspective
on movement in the school depending on where home-
rooms were located:

..they tend to stick in the neighborhood like the
Barker house is right here and the Howard house
is right there and those classes shift. They are right
among each other and then the science classes just
happen to be on this side so those students just go
up a flight or two flights and their science classes
are up there. As freshmen, they’re mostly within a
certain area. The other side of the building, Jones
and Branch, they've got to hike from that side of the
building, over here for science, theyve got to hike
down to the cafleteria], I mean, people whose class-
room distance is far ... you know what I mean? That'’s
why I don’t think it’s such a far walk from the maker-
space because they’re doing it all day.

Jill argued students and teachers used to covering
longer distances as part of their usual movement may not
find a long trip to the makerspace so different. Home-
rooms located closer to major gathering spaces (e.g., the
“caf’, see Fig. 1) required students to travel shorter dis-
tances, while other homerooms required students to
travel farther. While physical distance seemed to keep Jill
away from the makerspace, she acknowledged for others,
longer distances are typical.

In contrast, physical distance also generated tensions
that fostered intentionality. Erin’s classroom was clus-
tered with other English classrooms at the intersection of
Branch and Jones, she had a “hike” to get to the maker-
space; nearly 5 min of walking and climbing four flights
of stairs. Regarding this distance she said:

. [it’s] just important that I'm super intentional
about when I was going, and that for those days,
there was a clear protocol about what going there
meant. Like, every long block, we meet up there
instead of meeting in class, materials needed to be
brought down, etcetera. I've always been far away
from things.

For Erin, physical distance imposed a need to be inten-
tional about schedule, preparation, and readiness for
specific needs of teaching in the makerspace. The dis-
tance generated an important tension: having to traverse
the school to get there, Erin thought about why she was
bringing her class to the makerspace and whether they
needed to be physically present in that space to do the
work she planned. While proximity alone does not pre-
dict implementation, it contributed in a few ways: prox-
imity supported Murph’s frequent engagement, distance
challenged Jill's engagement, and distance catalyzed
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intentional deliberations about teaching in the maker-
space when Erin brought her English students there.
Negotiating physical distances, and considering prox-
imities in decisions about pedagogy, demonstrate how
the makerspace’s location relative to other activities
and spaces influenced implementation. The organiza-
tion’s decision to cluster English classes a great distance
from the vocational spaces influenced Erin’s work; the
auto shop’s location next to the makerspace influenced
Murph’s work. Physical distances also interacted with
other organizational factors (e.g., scheduling) and disci-
plinary distances, evident in Murph and Erin’s stories.

Disciplinary distances

Maker pedagogy, which emphasizes engineering inquiry
and design, often differs from pedagogies teachers use
in subject-area classrooms (Songer et al., 2002). Discipli-
nary distances are constituted by teachers’ perceptions
of making relative to the disciplinary activity they teach.
We locate these distances at the classroom and institu-
tional levels, as they relate to how teachers develop their
classroom pedagogy relative to the ways larger disciplines
structure and constrain notions of learning and practice
(Bang et al., 2012). This distance was mentioned explic-
itly by 7 of the 11 teachers, primarily by those teaching
math and English. Disciplinary distances have percep-
tion, practice, and pedagogical dimensions, each shaping
implementation.

The emergence of the “maker movement” and char-
acterizations that center entities like MAKE Magazine
(Dougherty, 2012), have contributed to a general percep-
tion that makerspaces are STEM spaces (Tucker-Ray-
mond & Gravel, 2019; Vossoughi et al., 2016). As such,
STEM teachers tended to have different orientations to
the disciplinary practices and goals of work in these mak-
erspaces than humanities teachers. For example, Charlie,
a chemistry teacher, framed makerspace activities pri-
marily as opportunities to engage his chemistry students
in making instruments for experimentation; Julia and
Murph saw ways to teaching engineering design in the
space; and Erin saw making as a new form of expression
in English. Perceptions of makerspaces and visions of
how to use it with students were complicated by teachers’
relationships to disciplinary inquiry and related pedagog-
ical commitments and pressures.

Erin found ways to incorporate a makerspace project
while fulfilling her obligations for disciplinary activity,
which required significant planning, much like traversing
the physical distance of Brownsville. Spending 6 weeks
designing and building a piece of public art meant having
to justify where English was happening in her teaching:

Erin: A lot of English happened before we got down
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Fig. 2 Frankenstein interactive art installation consisting of three
large panels adorned with boxes that emit light and sound when the
user places their hand on them

here. It was lots of planning, lots of reflection, lots of

Brian: Going back to the text, looking?

Erin: Going back to the text, yeah. Some English
stopped when we came down here, but I was okay
with that because we had done lots of it. I like front-
loaded a lot of things. They did a lot of essays in a
short amount of time to balance my own departmen-
tal expectations. I did take some latitude as far as ...
They did research, but they did not write a research
paper, but they did it, research, in this space.

Erin acknowledged common elements of English (e.g.,
“essays”) were needed to balance her professional obli-
gations with her experimentation in the makerspace. In
planning and framing the problem, students read the
novel, explored themes through writing, and constructed
interpretations through discussion; ELA set the foun-
dations for making their interactive public art installa-
tion (Fig. 2). She explored new ways of conceptualizing
disciplinary practices—like “research’—for work in the
makerspace, asking students to research materials, elec-
tronics components, and computer code. Seeing new
ways of defining English practices suggests this discipli-
nary distance generated productive tensions for teachers’
pedagogical implementations.

Surprisingly, the math teachers (Cara, Matt, and Alex)
expressed more doubt and listed more challenges to inte-
grating makerspace elements in their current teaching
than teachers from other disciplinary traditions. Mak-
ing often entails a great deal of math (e.g., in coding, in
weaving patterns) and it is often associated with STEM,
so this finding was unexpected. Cara noted, “I'm a math
teacher, but there’s pressure from admin and MCAS,
that they have specific things they need to learn” Math

(2023) 10:7

Page 14 of 22

teachers have the most prescribed scope and sequence
within the school curriculum (Handal & Herrington,
2003), reflected in Cara’s question raised during one of
the after-school meetings, “With all the topics already in
Algebra 1, what could we get rid of? They need all that for
Algebra 27 All 3 of the math teachers expressed interest
in exploring making within their classroom but expressed
doubts about how this integration might work. Percep-
tions of classroom mathematics demands conflicted with
how teachers imagined incorporating making.

Making is a transdisciplinary and multimodal activity
(Tucker-Raymond & Gravel, 2019), yet teachers faced
challenges identifying connections to their discipli-
nary pedagogy. Matt, a math teacher, saw connections
between making and mathematics, I know that they’re
there” In after-school sessions, Matt spent hours build-
ing a robot that drew sine waves with different periods
and amplitudes; engaging as a learner himself to explore
connections between making and mathematics. A for-
mer math major, building a robot that drew sine curves
sparked the curiosity about mathematics he experienced
in school himself. He explored relationships like a circle’s
radius and a sine curve’s amplitude by tinkering with his
robot; making and mathematics mutually supported his
curiosity. He saw possibilities for this in his classroom
teaching:

“That was something that would mathematically be
interesting and applicable to students in class. You
could see how the radius dilates the function that
would graph vertically. We could talk about how
the radius of the circle affects the amplitude of the
resulting graph”

Yet, Matt admitted he was uncertain about how to con-
struct those same relationships, between making and
mathematics, when it came to curriculum and pedagogy.

“ think the major thing that I am struggling with
or looking for, or needing more support on, is mak-
ing those connections ... I don’t necessarily see those
connections as easily. I know that they're there, I just
don’t necessarily know how to scope into that”

Connecting one’s background with the tools, mate-
rials, and ways of thinking about disciplinary learning
requires traversing multidimensional distances involv-
ing the nature of school mathematics and associated
pedagogical commitments. The possibilities for mak-
ing in a classroom were shaped by institutionalized
perceptions of disciplinary practice and learning. Matt
brought his students to the makerspace for a lesson on
mathematical functions, where students identified dif-
ferent “inputs’, “outputs”’, and “functions” of tools like
hammers and thermometers. The lesson focused on
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tools as metaphors for mathematical functions, yet
students engaged in very little of the exploration and
tinkering Matt experienced during his robot project.
Disciplinary distances influenced how Matt worked in
the makerspace and his curricular implementation. His
own relationships to disciplinary learning supported
his work in the makerspace, yet the structural distance
of mathematics teaching shaped his students’ experi-
ences. Matt’s experiences were a characteristic example
of mathematics teachers and their challenges navigat-
ing this distance.

Structural distances

The final distance shaping teachers’ implementations
was structural, or the ways policies structured expec-
tations and demands on teachers that were often at
odds with working in the makerspace. Structural fac-
tors affect all levels that teachers navigate, including
classroom expectations, pedagogical orientations, and
professional standards for teachers’ skills and knowl-
edge. All 11 of the PD teachers discussed structural
distances. Our focus for structural distances is on poli-
cies enacted through institutional logics in the school
organization. Makerspaces generally, and specifically
the ways The Workshop invited exploration and crea-
tivity, are in tension with the very constrained, focused,
and narrow visions of curriculum and pedagogy in most
K-12 schools (Godhe et al., 2019). We share the experi-
ences of teachers to illuminate the structural issues that
affected makerspace implementation, while maintain-
ing that the responsibility to address challenges lies
with the organizations and institutions that produce
them. The structural distances we found relate to cur-
riculum and accountability, policies regarding specific
students (e.g., “ELL”), and policies relating to safety and
management in the makerspace.

During PD, teachers consistently cited structural dis-
tances as factors influencing their use of the maker-
space. At the end of the PD, Katie (a designated “ELL”
humanities teacher) planned to collaborate with an
“ELL” science teacher, Marilyn, on a makerspace pro-
ject. They wanted students to answer the question,
“How will I create a physical sign, symbol, or other vis-
ual that communicates my ‘inner message’ and connects
with my text about this subject?” This transdisciplinary
project involved blending textual explorations of ideas
like racism or inequality and making different expres-
sions of an “inner message” about the topic. This les-
son design cleverly navigated disciplinary distances by
positioning design and material fabrication as tools for
expressing meaning and literary themes. However, in
terms of implementation, Katie said:
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“It would have been rolled out during this unit but
basically what’s happening is I know that we have
high-stakes exams coming up and I feel like such a
[expletive] teacher saying this, but right now I just
need to make sure my kids are writing a five-para-
graph essay.”

Katie’s response highlights pervasive and immedi-
ate pressure of accountability systems and “high-stakes”
standardized tests. Katie elaborated:

“.. there are so many tests. There’s the PARC pilot,
now the PARC’s been abandoned, thank god. That
test was a hot mess. ESL students have to take a
standardized test called the Access. We have been
told it’s going to take fewer days, but that’s three,
four, five, the first time we administered that was
two weeks of school. That’s insane. They're taking this
test, it’s crazy. There’s AP exams, there’s the MCAS,
there’s the SAT, ACT, there’s midterms, there’s finals.
I think if you add up all the days that kids spend
taking an exam of some kind it's about 15% of the
entire year which is nuts. It’s out of control”

Like in all public schools, Brownsville students are fre-
quently tested, and that testing is tightly coupled with
the curricular scope and sequence. Curricular policies
mandate what content is taught. Cara, a mathematics
teacher, confirmed this, “but there’s pressure from admin
and MCAS, that [students] have specific things they
need to learn.” Testing and content constrain pedagogi-
cal possibilities to the point where teachers feel unsup-
ported in attempting new implementations, regardless of
excitement about potential benefits. While makerspaces
as STEM reforms are intended to transform learning
pathways, curricular policy and testing demands highly
influenced whether, how, and when teachers considered
implementing makerspace projects. In fact, of the five
classroom implementations in The Workshop, two teach-
ers opted to implement after subject-area testing was
completed (Physics and English).

Katie’s perspective on testing illuminates a second
dimension to structural distances, which are policy
requirements for students from specific groups like those
labeled as “ELL” or students with disabilities. Making
offers opportunities for expanding the ways students can
participate and learn, creating opportunities for students
to thrive and excel in ways different from traditional
classrooms. Yet, we heard teachers express that flexible
time was limited and dominated by activities mandated
by “ELL” and special education policies:

“I have IEP meetings, I'm trying to write the IED, I'm
trying to develop support tools or find support tools
or provide extra help or get in touch with parents. I
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have an array of activities”” - Jill, special education
teacher

“..just doesn’t seem to be enough time in the day to
get that done or add in a project with all of the other
expectations from the department” - Marilyn, “ELL”
science teacher

Teachers of students labeled in these ways are often
not given adequate time or resources to fulfill their
responsibilities, let alone explore new innovations and
approaches that could be especially beneficial for their
students. Their commitment to their students forces
them to decide whether to support mandated activities or
explore new possibilities. Brownsville is a school where
more than 50 languages are spoken by enrolled students,
and structural demands on “ELL” teachers are significant.
Katie was unable to attend after-school sessions because
of a conflict with her responsibilities to students labeled
as “ELL’; many such students were required to attend
an after-school enrichment program in order to par-
ticipate in other activities (such as a college preparation
program). Students asked Katie to lead the after-school
enrichment group:

‘I was like, All right. We'll have a meeting but lis-
ten guys if no one shows up we’re not going to do it,
and then 40 kids showed up. I was like, ‘Okay, I need
to do this’ I basically said, "You know what? This is
going to be my commitment. The Workshop isn’t”

Katie, who professed a deep commitment to her stu-
dents’ needs and success, was forced to choose between
work in the makerspace she was excited about and sup-
porting her students in a mandated activity. Being forced
to make such a decision reflects how structural distances
influenced and shaped Katie’s participation, who ulti-
mately never implemented maker activities with her stu-
dents; it proved challenging for Jill and Marilyn as well,
who spent time in the makerspace themselves, but never
brought their students there.

The third dimension of structural distances relates to
safety and management in the makerspace. Every teacher
we met, including those outside the eleven summer PD
teachers, expressed some concern about navigating safety
issues with tools (e.g., wood working tools), managing
materials, the time to set up and organize materials, and
accountability for lost, broken, or stolen items.

“..going down to The Workshop is like, to me just to
be totally honest, it’s like taking my class down, hav-
ing 30 kids, we’re working with the wood shop and
what if something happens?”—Katie

The shared concern of bringing 30 students to “the
wood shop” reveals how teachers must navigate safety and
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liability if they teach in technology-rich environments
like makerspaces. While issues of organizing materi-
als and arranging the space certainly relate to teachers’
pedagogical skills, their comments often specifically ref-
erenced liability. Concerns over bringing large classes
to the makerspace were fueled by pressures to maintain
“control” and safety, both having structural or institu-
tional origins (Noguera, 2003), evidenced by earlier com-
ments about “legal” responsibilities. Yet, teachers wanted
to engage with The Workshop, like Marilyn and Katie’s
planned unit on “Inner Message”. Julia also articulated
this tension in an interview during the summer PD, see-
ing the opportunities relative to the contingencies:

"There’s just so much stuff and so much space. There’s
a lot of opportunities there. And that’s a challenge
because you have to manage all that stuff, the safety,
the organization. The maintenance is daunting.”

Challenges navigating distances related to safety, man-
agement, and liability were pervasive and consistent,
illustrating structural pressures originating at the organi-
zational and institutional levels.

All teachers communicated, at various times, that they
saw potential benefits in inquiry-based approaches pos-
sible in the makerspace. Institutional structures created
distance between these possibilities and having to navi-
gate the constraints of their jobs. We found structural
distances related closely to curriculum issues, work with
students designated as “ELL’ and safety and manage-
ment. Taken together, it seems reasonable these distances
would be insurmountable, which was the case for Katie,
Marilyn, and Jill—all “ELL” or special education teach-
ers—who admitted they never brought their students
to The Workshop or explored maker pedagogy in their
classrooms.

Discussion

This paper makes two major contributions. First, it
addresses a gap in research on school-based makerspaces
by identifying and describing dynamics shaping imple-
mentation (Stornaiuolo & Nichols, 2020). Our findings
support relevant conclusions for those wanting to imple-
ment makerspaces in K-12 schools: distances between
current practices and the demands of reform shape
teachers’ implementations, and these distances operate
as a constellation of pressures that cannot be isolated
when understanding makerspace integration in schools.
Skilled, physical, disciplinary, and structural distances
must be jointly considered in multilevel reform efforts,
contextualized within organizational and institutional
pressures. A second contribution proposes theorizing
teachers as multilevel actors whose experiences reveal
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reform dynamics and suggest paths for improved imple-
mentation of makerspaces moving forward. We discuss
the first contribution in terms of mapping the notion of
distances and multilevel makerspace reforms, followed
by an articulation of what teachers’ experiences reveal
about the tensions and possibilities of makerspaces.

We describe four distances that reflect the ways teach-
ers discussed their responses to installation of a mak-
erspace at Brownsville High School. It is important to
remember that the teachers in this study were volunteers
who expressed interest in bringing making into their
practice, yet not all teachers ultimately decided to do this.
Rather than conceiving of the four distances we identify
as hurdles or impediments to implementation, we frame
them as factors shaping and influencing these efforts.
For example, teachers’ efforts to develop their own skills
and comforts in the makerspace increased their con-
fidence with new forms of learning (as with Marilyn).
Yet, translating personal discovery into new pedagogical
approaches remained challenging (as with Matt), influ-
enced by both factors at the classroom and institutional
levels. Dedicated time, with support, contributed to
teachers developing skills with new materials and tools
(as with Erin), yet efforts to incorporate making in class-
rooms was shaped by other structural, disciplinary, and
physical distances (Matt, Marilyn, and Donna). The dis-
tances we report reflect the experiences of teachers in
our study and how these distances jointly operate across
different levels of the system to shape implementation.

The distances operated as a constellation of pressures—
independently identifiable and co-operatively mani-
festing—that shape implementation. The nature of this
dynamic can be further discussed by examining particu-
lar tensions that teachers reported and how they reflect
the work required by teachers to navigate reforms that
span levels of the educational system. Erin’s experiences
reflect tensions at the intersection of skilled, disciplinary,
and physical distances. The disciplinary distances Erin
experienced encouraged her to reconcile and clarify her
goals for bringing making into an English course. Physi-
cal distances encouraged intentionality around planning,
which contributed to a reconfiguration of roles and skill
distributions in her classroom implementation of the
Frankenstein project. The tensions exist at the intersec-
tions of distances, when competing pressures interact,
reflecting the dynamics of the structuring environment.
They are relationally emergent, in that they are produced
through interactions with the environment, including
professional learning opportunities but also the organi-
zational logics shaping teacher practice at Brownsville.
For example, the PD and “open-studios” supported teach-
ers in developing skills for making themselves, and for
thinking pedagogically about making. At the same time,
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demands for specific populations (e.g., students with
IEPs) and concerns about safety had noticeable impact
on teachers’ decisions about implementation. The dis-
tances are also temporally emergent as each teacher’s
prior experiences and achievements (e.g., developing
skills) interacted with the possible pathways for imple-
mentation. The mutually informing nature of the dis-
tances—expressed as tensions emerging from teachers’
experiences—position teacher deliberations and deci-
sion-making as portals into the forms of organizational
and institutional supports offered in multilevel reforms.

Bringing making to schools constitutes a STEM
reform, offering opportunities for teachers to implement
new approaches in their classrooms. Distances offer us
a means of understanding what contributed to teachers’
decisions to implement—such as the protected time and
space to engage as makers themselves. They also contrib-
ute to how we understand why other teachers chose not
to implement makerspace activities in their own teach-
ing. Compounding pressures from organizational and
institutional factors impacted the decisions teachers
made. These decisions about implementation are portals
into aspects of the organizational and institutional envi-
ronment—i.e., the structuring environment—that sup-
port different forms of agentic actions.

Distances provide opportunities to expand how we
understand teachers’ decisions as more than classroom-
level issues. Prior work conceptualizing teachers’ roles
in STEM reforms as classroom level issues—in terms of
pedagogy and learning outcomes—reduces the complexi-
ties reported by teachers through the decisions they made
about using the makerspace. Matt experienced tensions
in decisions about his classroom teaching, which oper-
ated at the intersection of skilled, disciplinary, and struc-
tural distances. His personal curiosity drove exploration
of disciplinary learning with technology, advancing his
own skills regarding learning mathematics through mak-
ing. The time and space he had after school supported
him in exercising this curiosity. We could argue that he
experienced a kind of pedagogy himself that would trans-
form his mathematics teaching—building robots to con-
struct mathematical functions. In fact, the research team
was somewhat surprised by his expressed struggle seeing
a path forward for bringing this kind of inquiry into his
mathematics classroom.

Notions of school disciplinary learning and curricular
constraints, operating at the structural level, combined to
limit the scope of implementation opportunities for Matt.
His concerns did not appear driven by explicit curricular
demands, rather more subtle pressures he felt about what
needed to happen in his mathematics teaching. Thus, the
construct of distances illuminates places where teach-
ers interested in implementing reforms must navigate
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nuanced pressures that exist across levels of the com-
plex educational system. Matt developed new skills for
shifting pedagogies at the classroom level—using robot-
ics technologies to explore mathematical functions; he
admitted he learned by doing this himself. Yet, the ways
he experienced the disciplinary needs for high school
mathematics were shaped by structural factors at the
institutional level—e.g., the curriculum frameworks—
which constrained the possible pathways he saw for those
same shifts in classroom practice. Matt’s implementa-
tion of a makerspace activity consisted of introducing the
metaphor of inputs and outputs for functions using tools
in the makerspace. While students responded to this pos-
itively, the generative potential of his own constructive
work with the sine-drawing robot did not appear in his
classroom teaching.

The findings we present are specific to a makerspace
implementation, and the ways teachers navigated skilled,
physical, and disciplinary distances are tightly connected
to the goals of bringing making to school (Martin, 2015).
Makerspaces engender new distributions of skills and
knowledge, evidenced in Erin’s implementation. They
are new physical spaces in a school building, which offer
opportunities for collaborations and interactions focused
on inquiry, design, and creative construction. They also
invite a melding of disciplinary practices that foster rich
forms of personally meaningful learning. The skilled,
physical, and disciplinary distances directly correspond
to the kinds of learning pathways makerspaces offer,
which make them desirable STEM reforms (Kim et al,,
2019). Structural distances, however, expose particular
places where organizational and institutional policies
and practices may impact a broader scope of reforms. We
concede that structural distances are broader, and per-
haps more amorphous than the other three; that is the
nature of structures that organize entire systems (Fou-
cault, 1979). For teachers, structural demands are often
felt through specific policies enacted at the school level.
Tight control over curricular targets and pacing deeply
impacted multiple teachers’ implementations.

Yet as we note, there are also more nuanced structural
issues such as those Matt described, where his maker-
space mathematics project did not appear to fit with
how he understood mathematics should be taught in his
classroom. The ecological framing of this study suggests
factors operate as a constellation to produce dynamics
where isolating singular factors affecting implementation
becomes quite difficult. Additionally, institutional logics
position teachers as isolated disciplinary practitioners
enacting approaches for particular students, not as intel-
lectuals who can make informed decisions about practice
or learn alongside their students. Thus, structural dis-
tances appear pervasive and global, and often limit the
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expansive possibilities of reforms directed at increasing
student-centered inquiry like makerspaces. While teach-
ers developed their own skills and were excited to explore
new pedagogies, constraints operating through structural
distances created considerable impediments to imple-
mentation. Taken together, these institutional and organ-
izational factors deserve further research and scrutiny.

Our second contribution is positioning teachers as
multilevel actors, whose experiences navigating class-
room, school, and institutional pressures offer new
insights into how the structuring environment supports
or stifles reform. Positioning teachers as multilevel actors
builds on prior work seeking to examine the dynamics
of reform across levels of a system (Coburn, 2001, 2004).
We define multilevel actors as individuals with specific
knowledge of an organizational space who confront and
navigate reform pressures within and across individual
(e.g., classrooms), organizational (e.g., school), and insti-
tutional (e.g., policy) levels of the reform context. Teach-
ers have unique knowledge of the “lived logics” (Woulfin,
2016) of their structuring environments (i.e., their par-
ticular schools). As such, their experiences with reform
surface this unique, situated knowledge as a resource in
navigating multilevel pressures. Thus, we can frame their
experiences as portals into how the structuring environ-
ment is supporting or stifling implementation.

Teachers’ experiences are more than reflections of their
individual journeys, but also windows into how they
understand the policies and practices of the school in
supporting new kinds of pedagogy. In this way, the dis-
tances are an initial sketch of a new ways of understand-
ing makerspace implementation dynamics that account
for the pressures that operate at and across levels. The
implementation decisions we observe are reflections of
teacher agency in practice—i.e., decision-making—con-
necting teachers personal experiences with the larger
organizational and institutional logics that set the condi-
tions of the structuring environment. At the same time,
we can understand teachers’ decisions not to implement
makerspace reforms as another kind of agentic action,
whereby teachers have weighed the pressures and chosen
paths that work for their professional histories and sta-
tus. Ecological models of agency reframe teacher actions
as evidence of supportive environments, with implica-
tions for how organizations and institutions could further
encourage reform implementation.

The study’s limitations are also worth addressing. This
study took place in one school, where 11 of 115 teachers
at the school voluntarily participated. This presents a sig-
nificantly different case from reforms where all teachers
in entire districts are required to adopt new instructional
approaches. Significant prior research on implementation
focuses on larger, institutional mandates that relegate



Gravel and Puckett International Journal of STEM Education

teachers to the role of passive targets in reform efforts
(Mehta, 2013; Russell & Bray, 2013). The limitations of a
study focused on a small number of teachers who volun-
teered raise questions about the applicability of the find-
ings to other multilevel reforms. In particular, it seems
skilled, disciplinary, and physical distances have specific
relationships to makerspace implementations, based on
the data reported. Structural distances may have more
general impacts in shaping reforms that break from dom-
inant modes of instruction and assessment.

At the same time, these limitations motivate future
study of multilevel STEM reform, and continued explo-
ration of makerspaces in schools. The relatively smaller
number of participants created the opportunities for
this study, as the research team was able to develop and
sustain close relationships with the participating teach-
ers. The early adopters of this nascent makerspace were
invited to co-construct the culture, atmosphere, and
image of The Workshop for the rest of the school. As
more teachers became interested and aware of what
could happen in the makerspace, teachers were posi-
tioned as leaders who could support colleagues interested
in exploring making in their own pedagogy. In the subse-
quent years following data collection, growth in teacher
and student interest in the space blossomed (Gravel &
Svihla, 2021). Descriptions of that growth are beyond the
scope of this study, but they signal an important need for
future study of how teachers are considered essential and
valued actors in makerspace implementations.

Conclusions and implications

The constellation of distances that shape implementa-
tion of the makerspace at Brownsville reveal the com-
plex multilevel dynamics of this STEM reform effort. As
continued attention is paid to reforming approaches to
disciplinary inquiry and pedagogy (e.g., Duschl & Bybee,
2014), this/ paper offers insights into how communities
develop and sustain new practices, like the integration
of a makerspace. This includes reconceptualizing where
STEM happens in a high school, blurring historically
tight disciplinary boundaries to recognize that students
in an English class can engage in STEM practices in a
makerspace in ways not initially considered in efforts like
NGSS. Makerspaces, thus, offer opportunities for future
study of how STEM reforms unfold in complex systems
like a comprehensive high school. While the promise of
making to transform STEM learning pathways is noted,
researchers and reformers must partner with teach-
ers to understand how these practices and spaces serve
to deepen students’ learning opportunities. Teachers,
skilled in negotiating the constellation of pressures, pro-
vide insights into how communities might shift practices,
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but also how organizational and institutional factors
impede or encourage reform implementation.

As research continues to examine and substantiate the
learning potential of making (e.g., Greenberg et al., 2020;
Rouse & Gillespie Rouse, 2022), our paper has implica-
tions for creating and sustaining makerspaces in schools.
First, the forms and frequency of professional supports
offered to teachers, including opportunities to reframe
how knowledge and skills are located and distributed in
instructional designs, require careful reconsideration. We
illustrated the relationships between teachers building
their own skills in making and their decisions to imple-
ment. Sustained engagement in these learning activities,
with accompanying forms of support promoted both the
exploration and implementation of maker-based learn-
ing. Thus, teachers need space to assume roles as learners
themselves as they reexamine their own relationships to
the different pressures we describe. Additionally, inno-
vative professional learning opportunities that bring
together multiple stakeholders—teachers, students,
administrators, researchers—might further advance the
integration of STEM-rich making in schools. Secondly,
our paper has implications for the physical placement
of makerspaces within school buildings. If makerspaces
are to be central drivers of STEM/STEAM pedagogi-
cal innovations, there are benefits to their location also
being central. Propinquity can support both traversing
the physical space as well as increased sharing of reform
ideas and pedagogies (Spillane et al., 2017). Distances
from classrooms to these collaborative spaces can spawn
intentional curricular development, thus placement
should be measured against how the space will be used
in classroom activity. However, the onus cannot reside
with teachers in discussions of maker education reform,
rather, the most salient implications from our study point
the critical role of policymakers and administrators.

From a structural perspective, school policies both help
and hinder integration efforts, and audits of how exist-
ing policies affect makerspace integration could improve
implementation. Specifically, policies that disenfranchise
students carrying particular labels, denying them access
to transformative experiences, must be revised. Making
encourages expansive ways of learning that could have
specific benefits for students labeled with dis/abilities
or as multilingual. Making offers opportunities to center
culturally sustaining practice, thus policies that narrow
participation in these spaces counteract this potential.
Moreover, as teachers explore the learning possibilities
in making, they must be given time and curricular flex-
ibility to nurture new pedagogies. Expanding notions
of disciplinary and transdisciplinary learning through
STEM-rich making—as in Erin's Frankenstein exam-
ple—require organizational and institutional attention;
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teachers are eager to embrace new approaches, but pres-
sures beyond their control are limiting.

The distances that shape implementation of maker-
spaces in schools offer guidance on how teachers and
administrators might further support these moves
toward student-centered, inquiry learning in STEM. As
continued attention is directed toward meaningful dis-
ciplinary learning in classrooms, acknowledging the
unique and powerful role that teachers assume as multi-
level actors will provide further insights into how schools
can embrace innovation.
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