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With the expansion of maker programs in school and out-of-school settings, investigating
the connections between making and learning is important for many reasons, not least
to build the evidence base needed by educators committed to its practice. In this paper,
we argue that, as a relatively new area of inquiry, studies of making can benefit from close
dialogue between researchers and the practitioners who have pioneered and continue
to develop the practice. We share how a research-practice partnership sought to amplify
the voices of informal educators leading afterschool maker programs to address the
research question: How can afterschool maker programs support student learning that
is valued and relevant to the school day? We show how the research-practice partnership
helped to refine a pedagogical framework describing learning dimensions of making and
tinkering in ways that reflect the values and expert knowledge of informal educators
committed to liberatory forms of education for young people, particularly those from
socio-economically and racially marginalized communities.

Keywords: STEM, tinkering, concept map, afterschool, research-practice partnership (RPP), expansive learning,
rightful presence, maker education

INTRODUCTION

The pedagogy of making has a long history but only in the last decade has it garnered the widespread
attention of education researchers: launching conferences, special interest groups, and special
issues of journals like this one. Making is an age-old human practice and school-based making
pedagogies, from Pestalozzi to Dewey to Montessori to Papert, have a rich history. But since 2008,
as digital screens have proliferated in the lives of children and families, perhaps prompting a sense
of nostalgia for a simpler mechanical age and childhood, the Maker Movement, with significant
political and marketing support, has come to redefine what hands-on learning can look like in
many educational settings.

Making, as an educational activity, provides raw materials to young people and invites them
to ideate, design, and build out their ideas (Blikstein, 2013; Martin, 2015). Making has been
characterized as having “high ceilings, low floors, and wide walls” (Resnick and Silverman, 2005),
and as such many have argued that it is well-positioned to broaden participation in learning,
particularly science and engineering learning (e.g., Buchholtz et al., 2014). Others have argued that
without careful attention to the pedagogy of making, it can be experienced as reinforcing dominant
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FIGURE 2 | Final version of the evolving learning dimensions constructs during each semester of the project.

While editing involved interpretation on the part of
the researchers in selecting which moments to include, the
practitioners responded most positively to, and were able to
do more sense-making with, representations of a longer arc of
activity. Reflections moved fluidly between observing student
struggles and accomplishments, to focusing on the choices
and actions of the adult facilitators in making such student
moves possible. Afterschool educators repeatedly brought their
knowledge of the students themselves to the sense-making
process. For example, in one video clip documenting a student
who was creating a paper circuit for the first time, using a coin-
cell battery, copper tape, and small LEDs (see still images from the
video in Figure 3), educators noticed how a normally reserved
and shy student discussed and expressed pride in her work.
They also noted an unusual level of persistence as she mastered
soldering the joints of her circuit, and they considered how
the facilitator’s timely introduction of both tools and assistance
seemed critical for helping this normally reserved student to
continue and succeed. Thus, they focused on the transformative

possibilities afforded by making, and on the ways in which
facilitators supported developing forms of agency. The resulting
observations were added to the next iterations of the framework.

Data Walks

To engage the school-day educators and administrators with
the work of the afterschool educators and the RPP itself, each
semester we spent the last 2-3 sessions creating posters for a
school-wide “data walk” where the afterschool educators shared
posters describing the activities they were leading and the student
learning that they were capturing through video, photography,
or samples of student work. The tinkering class was one of the
posters presented. In this process, museum staff took on roles
such as helping to tape, glue, or decorate posters, as well as
probing practitioners to elaborate their goals for student learning,
how they designed activities to meet those goals, and what kinds
of evidence they saw of whether or not students were successful
in meeting the goals. The data walks proved productive not only
for engaging school personnel with the professional value of the
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FIGURE 3 | Stills from video depicting a student’s learning trajectory while creating a paper circuit.

FIGURE 4 | First and third semester posters demonstrating growing attention
to and detail of student learning processes.

afterschool maker programs but also for documenting, over three
semesters, the increasing specificity, use of data, and attention
to learning among the RPP afterschool educators (see Figure 4).
Practitioners gradually came to draw on the learning dimensions
for analyzing student activity in their programs.

While the first semester presentations made reference to
emerging ideas about learning in making contexts that had
surfaced in our monthly RPP data review meetings, by the

final semester posters drew directly and extensively from the
shared language the group had developed to make the fruits of
their pedagogical practices more visible to others. For example,
in the second semester an afterschool instructor created a
video illustrating, over time, her students’ process of designing,
building, and trouble-shooting a large ping-pong ball installation
in the school’s foyer. As compared with her first semester
poster, which focused on describing the activities, the second
semester poster included extensive examples of evidence of
student learning in the activities. She included photos of student
journals, examples of specific problems that students solved or
innovations they made, and even displayed a short video next to
her poster accompanied by a thick scrapbook filled with clippings
of students’ design and problem solving notes. She also became
more specific in the language she used to explain the learning that
was happening, pointing out specifically when she saw “creative
problem solving,” “persistence;” and “teamwork.”

In a final reflection conversation shared during the last RPP
data meeting of the third semester, several of the educators
referenced the ways that they used the learning dimensions to
guide their thinking:

“My approach to lesson planning changed a lot. Since this [data
review] group, I'm now looking for ways to push the learning
dimensions—like focusing on and supporting problem solving, not
just focusing on making paper hearts.” —Joelle

“After participating in the inquiry group, I see students differently.
Especially after using the learning dimensions framework, I find
myself noticing and seeing things like ‘creativity’ etc.” —Deirdre

Development of a Practitioner-Oriented

Learning Dimensions Framework

In this section of the paper we show how we adapted concept
mapping to surface afterschool practitioner views on what kinds
of learning were happening, and organized it into a learning
dimensions framework intended to bridge afterschool and school
values for student learning.

Our intent was to move beyond a museum-based framework
that the museum practitioners had previously co-developed,
which they valued yet felt was missing key aspects of the tinkering
experience. The data informing the museum framework reflected
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the limitations of many drop-in museum-based programs: We
did not know the participants, did not know what they brought
to the experience or how it might have contributed to a longer arc
of development. Strictly adhering to the video data documenting
these short-term museum engagements provided strong evidence
of some but not all of the possibilities for learning in tinkering.
Notably the creative and problem-solving elements—words that
defined tinkering—were absent from the initial framework.
Data capture in the afterschool environment allowed for the
examination of student activity and development over time,
for exploring ideas with youth from historically marginalized
communities, and for working with educators who knew the
youth well.

In our RPP data review meetings, we initially organized
RPP team observations using constructs from two research
syntheses published by the US National Academy of Science—
one on science learning in formal classrooms (National Research
Council, 2007) and the other in informal environments
(National Research Council, 2009)—namely, science concepts,
skills, interests, and dispositions. For example, evidence of
students’ persistence, collaboration, flexible thinking, and
commitment was linked to “Dispositions,” while using models or
complexifying circuitry was linked to “Concepts.” The final first
semester framework (see Figure 2) listed 20 constructs grouped
into the initial four over-arching themes. The document was
representative of the group’s observations, ideas, and values but
was unwieldy.

In the fall semester we reconstituted the RPP group and once
again met monthly to review data collected from a semester
long tinkering course focused on cause-and-effect. In an effort
to simplify the framework, we clustered the ideas surfaced
during the first semester into three groups of practices: tinkering,
STEM, and learning. This new representation included one
new idea contributed by the museum staff (a focus on hacking
the ideas of others), but otherwise streamlined and regrouped
existing constructs from the previous semester. For example,
we clustered the full set of eight scientific practices identified
by the National Research Council (2012) Framework for K-
12 Science and Engineering, into three clusters identified by
McNeill et al. (2015).

Shortly thereafter, in discussions about how radical the
representational changes were from the first to the second
semester, we began to consider if and how the new afterschool
framework related to the previous museum-based framework,
which had attracted a good amount of attention particularly in
the museum world. We were concerned about possibly confusing
the field with two such different representations (museum and
afterschool) coming out of one group, even though they had been
developed under very different circumstances. In comparing our
concept maps to the museum framework we found overlap, but
also difference, notably the inclusion of creativity and problem-
solving in the former.

To reconcile the two, we tried to map the full range of
constructs to the original museum framework. This led us to
create the new categories of Creativity & Self Expression and
Problem Solving & Critical Thinking. We also renamed the
theme of Social Scaffolding to Socio-Emotional Engagement, and
included indicators more relevant to an afterschool program and

less limited to a drop-in one. In addition to encompassing the
constructs found in our previous version, these new broader
categories allowed us to probe the particular dimensions of
tinkering, such as the aesthetic demands of materials and how
aesthetic choices often triggered unanticipated and cascading
design challenges; or how responding to the physical properties
of materials in iterative feedback loops was central to the
tinkering experience; and the deeply personal nature related to
how ideas drive activity. This document satisfied our concern
about confusing the field of practice with a completely different
representation of learning through tinkering.

We called on the graphic skills of one of our colleagues to
produce the version that is currently in use, affectionately known
as the Monopoly cards (Figure 1). We have found this version
to be easy to use with practitioners in professional development
workshops. Practitioners use it as a lens to analyze and make
design choices about given activities as well as about entire
sequences of activities. That is, some activities may be particularly
rich in one or more but not all of the dimensions; whereas over
the course of time one would expect that tinkering programs
would be designed to afford most or all of them. What students do
is of course shaped by the interests and resources they bring to the
experience. But the final version of the learning framework allows
educational designers to be intentional about allowing options for
all learners.

In the current version of the learning dimensions framework
the researchers’ theoretical commitments to purposeful and
transformative activity as a driver of activity is embedded in
the constructs of initiative & intentionality as well as creativity
& self-expression. Our conceptualization of the dialectical
role of cultural tools (e.g., indicators listed in the constructs
of conceptual understanding and problem solving & critical
thinking) and social contexts (e.g., indicators listed in the
construct of social and emotional engagement) in advancing
transformational purposes are here, albeit in terms that came
from the practitioners who design and implement the work.
We shared the new framework with teachers at the school and
they responded positively to both the overarching constructs
as well as the indicators, pointing to the relevance of the
indicators for student learning, engagement, and agency during
the school day.

CONCLUSION

Through the activities described above, the RPP led to the
development of a learning dimensions framework that has been
translated into 12 languages to date and is today used in
professional learning settings and programs internationally.

The learning dimensions framework produced through this
RPP has been taken up in practice in several important ways.
It serves to anchor the ongoing maker education professional
development programs offered by the museum. These programs
have reached thousands of participants internationally over
the last year, in settings from Milan, to Singapore, to Beijing.
Additionally the framework has been incorporated into a MOOC
offered on Coursera, and repeated every 12 weeks, that has
reached 40,000 participants so far. The framework has also
been used to inform the development of a reflective practice
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tool by the Lego Foundation, working internationally with
ministries of education in Africa, Europe, Ukraine, and Mexico.
Finally, it is being piloted in professional training programs
offered by MakerEd, the nation’s leading resource for maker
education. Across all of these workshops, the framework has
been introduced to scores of educators who then use the tool
with their colleagues to reflect on and refine their own maker
education practices.

The structures and systems of schooling and afterschool
continue to challenge efforts to fully reframe educational settings
to support transformative agency. Even when explicit attention
is paid to achieving equity, as Calabrese Barton and Tan (2019b,
p. 2) recently noted “Thus far, equity frameworks in the teaching
and learning of academic subjects have minimally disrupted the
racial, gendered, and linguistic hierarchies in education, while
mostly maintaining these oppressive power dynamics.” Yet these
authors, among many others, note the potentially transformative
power of making as a curricular approach that allows students
to articulate and respond to their social, cultural, and political
world. Specifically they have shared numerous examples of how
students used making programs to transform the environments
that oppressed them, such as students designing and building
an “occupied” light for bathrooms in schools where students
are not allowed to lock the bathroom doors (Calabrese Barton
and Tan, 2019a) or students designing and building a solar-
powered light-up scooter to navigate badly lit city streets in
their neighborhoods (Calabrese Barton and Tan, 2018). While the
projects explored in our study were not rooted in challenging
forms of systemic oppression, students were able to challenge
assumptions of what science and engineering looks like, who does
science and engineering, and how it can be used to explore and
express ideas. These efforts thus contributed to identity shifts
over time, and advanced agentive teaching and learning. They
provided opportunities for creativity, persistence, teamwork and
collaboration among many other activities and stances deeply
linked to transformative learning and development (Engestrom
and Sannino, 2010; Stetsenko, 2014).

The RPP described here makes a contribution to the literature
in providing descriptions of how intentional structures to foster
relationships and generate original data analysis can amplify
the voices and perspectives of maker practitioners and inform
research on learning through tinkering. In addition to developing
a better tool for the field, today used widely in practice, the
pedagogical practices and discourse of participants became more
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