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The Maker Movement is a growing community of individuals representing different
disciplines, experiences, skill levels, and backgrounds. The individuals who engage

in this movement, known as Makers, include hobbyists, tinkerers, manufacturers,
artists, engineers, crafters, and more. The movement is characterized by a creative,
do-it-yourself (DIY) mindset and a strong sense of community. The roots of the
Maker Movement can be traced back to the Mechanics’ Institutes of the 19th century,
which emphasized collaborative public learning, building, and innovation (Holman,
2015). The movement evolved throughout the 19th and 20th centuries thanks to
invention, innovation and the introduction of digital tools and technologies. These
developments, along with innovations in the educational sphere and increased
accessibility of technologies like the Internet and 3D printers, have shaped the Maker
Movement that is seen today (Evgeny, 2014). Making often occurs in Makerspaces
and is showcased at Maker Faires. Making, in pedagogical terms, is rooted in
constructionism, a learning theory that highlights the notion of learning through
constructing, both in terms of tangible and intangible objects and notions.

On November 2-3, 2015, the American Society for Engineering Education (ASEE),
with funding from the National Science Foundation (NSF), hosted the 2015 NSF
Maker Summit, in the Washington, D.C. metro area. Planned in response to a Call

to Action issued by the White House after the June 2014 White House Maker Faire,
the summit was attended by more than 50 individuals representing five different
segments of the Maker community. Its goals were to forge connections across the
Maker Movement, envision the future of Making for engineering and education
communities, and identify how Makerspaces can be designed to foster inclusiveness
and broaden participation in the movement.

On the first day of the summit, participants discussed four key issues that are
poised to play pivotal roles in advancing the Maker Movement: (1) the relationship
between informal and formal learning, 2) teaching, assessment, and evaluation,

(3) diversity, accessibility, and inclusion, and (4) new technologies and innovation.
Participants explored these issues, relating them to their own experiences and
successes, and brainstormed specific methods and strategies to help push the
Maker Movement forward. The group suggested that informal and formal educators
collaborate on projects that incorporate Making activities. Learners’ engagement
and self-empowerment should be promoted with multi- or interdisciplinary lessons



relevant to students’ lives. Participants acknowledged the challenge of assessing and
evaluating the impact of Making on learning, and suggested implementing organic
evaluation efforts that look at long-term learning and practical skills. The group agreed
that diversity, accessibility, and inclusion must be embraced for industry growth

and economic and global workforce advancement. They explored incentives and
sustainability strategies that would encourage the emergence of strong leaders from
underrepresented communities and advocates for diversity. They also agreed that
fostering a sense of community is important to promote both diversity and student
retention. Discussing technologies and innovation, participants identified tools they
had found most valuable in their Making experiences as well as innovative technologies,
products, and processes they hope to see. One tool they particularly desired, and
discussed in detail, was a comprehensive Maker Virtual Community of Practice (VCP).

The second day of the summit centered on recommendations and strategies for
sustaining, advancing, and expanding the Maker Movement on a large scale. After
brainstorming the key resources that the Maker community needs to prosper,
participants made three recommendations: (1) increase Maker networks and
networking experiences; (2) offer Maker-specific career and professional development
opportunities; and (3) broaden the roles and relationships of movement participants
and stakeholders. The Maker Movement can fulfill its potential if creators and educators
adopt a framework of best practices, and if Makerspaces assume a more holistic,
culturally expansive, and community-centric role. Participants explored the contributions
that different stakeholder groups—government, educators, the STEM community,
business and industry, and the general public—can make toward those goals.

With its steady growth and increased public awareness, thanks to initiatives and
events like the White House Nation of Makers initiative and the 2014 White House
Maker Faire, the Maker Movement is poised to have a significant impact on a number
of industries and segments of society. Making can foster small business success, shift
consumer needs and preferences, and close practical skills gaps. The movement can
influence the educational landscape by encouraging more action-based learning
experiences and enabling students to master a wider range of skills. Closely aligned
with STEM education, Making can increase participation in citizen science. In the
public realm, Making has the potential to alter the way people and communities view
and interact with their civic institutions.

The 2015 NSF Maker Summit culminated with participants looking to the future of the
Maker Movement, distilling the discussions held and strategies developed over the
course of the event. While hopeful, they cited a need for innovation, new tools, and

new ways to assess and evaluate the impact of Making on learners. Participants also
stressed that stakeholders and supporters must lead the way in engaging a broad
spectrum of society by expanding the movement’s economic, educational, and cultural
role. With continued and increased support from a large body of varied stakeholders,
continued widespread public policy efforts, expansion of local and regional Maker
communities, and the implementation of growth and sustainability strategies, the Maker
Movement will continue to advance and expand its reach in the coming years.




Background: A Brief

History of Makers and the
Maker Movement

the movement became even more evident in the mid-20th
century; technological breakthroughs like refrigeration and
broadcasting “played no small role in the development of
technologies—from microwave radar to uranium enrichment—
that proved crucial to the Allied victory in World War II” (p. 7).
In the decades following World War I, technological research
and development increased exponentially, partly due to new
consumer demand. New digital technologies emerged from
collaborative work spaces like the Xerox Palo Alto Research
Center, founded in 1960. Nascent 3D printing technologies
appeared in the 1980s, a technology that remains important to
the Maker Movement today (Holman, 2015).

The current iteration of the Maker Movement, the branding
of which has been credited to the 2005 founding of MAKE
Magazine, can be largely attributed to newfound accessibility
and affordability of technologies such as the Internet and
3D printing (Evgeny, 2014). Also contributing to its growth
is a trend in schools toward more action-based learning and
an increased focus on STEM studies and career readiness
for science fields. Three elements of the current Maker
Movement have made the most impact, according to Lee
Martin, Associate Professor at the University of California -
Davis School of Education:

1. Digital transformative tools that are used in
Making projects

2. Community aspect and emphasis

3. The open-minded, action-oriented, creative Maker
mindset (Martin, L., 2015, 4).

These elements are also discussed as integral to the
movement in “Welcome to the Maker Movement: Parallel
Education Pathways of Adult Makers” (Hobson Foster, et al.,
2015), which explored the ways that Making can enhance
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engineering education. This paper also acknowledged

the contribution of Popular Mechanics magazine, which
“demystified everyday stuff for hobbyists” and the television
program MacGyver, whose title character was known for
“fashioning . . . escape plan[s] out of found objects” (p.

3). While noting the importance of tools, both digital and
otherwise, the authors highlighted the community aspect and
emphasis on an open, action-oriented mindset as components
that most defined the Maker Movement. They noted that
“Making comes from an imaginative, creative mind-space” and
that “Making does not often take place as a solo activity and
instead is part of a problem solving and creation community”
(p. 3-4). While Makers are by nature do-it-yourselfers, a
collaborative desire for communities of practice should not be
understated (p. 3).

Makerspaces and Maker Faires

Makerspaces are an integral component of the Maker
Movement. A Makerspace is typically defined by and composed
of three interconnected elements:

1. A physical space where people work on and complete
Making-related projects and activities

2. An open community space where exploration,
creativity, and collaboration is emphasized

3. A multidisciplinary learning experience that seeks to
create organic learning experiences for its participants

In Makerspaces, participants explore the design and creation
of objects in an interdisciplinary setting that fosters organic,
integrated learning experiences. These experiences occur in a
number of venues and take various forms. Examples include
learning labs, teen media labs, art centers, gallery spaces,
science labs, youth centers, hackerspaces, and children’s
museums (Davee, Regalla, & Chang, 2015). In a non-physical
sense, Makerspace participants exercise ingenuity and
imagination in designing and creating objects. As part of
education, Makerspaces offer organic, integrated learning
experiences by combining subjects like engineering, science,
art, and music to facilitate student creativity, interaction,
reflection, and long-term learning. This educational and cultural
component should not be minimized.

Another important component of the Maker Movement

are Maker Faires, a series of annual events held under the
auspices of Maker Media, publishers of Make Magazine. These
events are showcases for Makers of all ages to display and
share their projects and inventions with the general pubilic.

“In Makerspaces,
participants explore
the design and
creation of objects in
an interdisciplinary
setting that

fosters organic,
integrated learning
experiences.”

Since the first Maker Faire, hosted in San Mateo, California

in 2006, more than 2.3 million people have attended these
events. Two of the most prominent Maker Faires take place in
New York City and the San Francisco Bay area; these Faires
have each drawn about 100,000 attendees in recent years
(Maker Media, 2015). Maker Media offers the opportunity for
small towns and rural areas, which may not have the ability to
travel to regional or national Maker Faires, to hold their own
official Mini Maker Faires. Inspired by the Maker Faire concept,
some groups hold independent events to showcase local
craftspeople and manufacturers, boost local economies, and
foster a stronger sense of community.

Background: A Brief History of Makers and the Maker Movement 4
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According to the 2015 report Makerspaces:
Highlights of Select Literature, there are
three main types of physical Makerspaces:

icated
—situated in a single physical space that is
used primarily for making

tributed

—situated in a location where activities other
than making occur and/or there are multiple
opportunities for making activities (for
example, a children’s science museum)

bile

—situated in a vehicle (van, truck, etc.) that is
typically affiliated with a learning institution
or organization; the vehicle either remains

at the site of the institution/organization, or
travels throughout a community or region
offering making opportunities to local
individuals and groups

It should be noted that while these are the three main types
of Makerspaces in a physical sense, the community, cultural,
and educational aspects of a Makerspace are integral to its
effectiveness and continued success.

5 Envisioning the Future of the Maker Movement
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President Obama hosted the inaugural White House Maker
Faire in June 2014. Federal agencies, companies, organizations,
libraries, and educational institutions were encouraged to
participate and interact with the Maker community. The Faire
focused on three efforts linked with administration priorities:

1. Helping Makers create new businesses and jobs

2. Expanding student accessibility to Making (overcoming
gender, diversity, and financial barriers)

3. Exploring how Making can address major U.S.
challenges (for instance, affordable patient care)
(The White House, 2014)

Following the event, the White House announced several
initiatives to assist with these efforts (The White House,
2015). This Faire also spurred the creation of the MakeSchools
Alliance and the growth of the Mayors Makers Challenge,
which was announced in advance. The MakeSchools Alliance
is a group of 153 higher education institutions who seek to
support the growth of the Maker Movement by working to
implement Making activities and efforts on their campuses
(Byrne & Davidson, 2015). The Mayors Makers Challenge

is a call to action from about 20 mayors around the U.S.

to engage their jurisdictions in the Maker Movement by
supporting local Makerspaces, working with schools to
integrate Making into the classroom, implementing local
Maker Faires, and more (Kalil & Patel, 2014).

Making and Constructionism

In pedagogical terms, Making is aligned with constructionism,
a learning theory developed by MIT Media Lab founder
Seymour Papert. Constructionism was born in the proto-
digital age of the late 1970s and early 1980s, when the first
personal computers were being developed, and centered
largely on “connections between computers and real-world
artifacts” (Donaldson 2014, p. 7). This learning theory is often
summarized as simply “learning-by-making,” but is actually
“much richer and more multifaceted, and very much deeper in
its implications” (Papert & Harel, 1991, p. 1). Papert even went
so far as to joke that “it would be particularly oxymoronic

to convey the idea of constructionism through a definition
since, after all, constructionism boils down to demanding that
everything be understood by being constructed” (p. 2).

The theory of constructionism stems from Piaget’s
constructivist learning theory, which “recognizes the
importance of individual meaning making and makes it a
central aspect of pedagogical practice” (Hein 1999, p. 16).



Constructivist learning theory equates the construction

of personal meaning with learning itself, encourages
learning settings that help facilitate this process, and
emphasizes the various outcomes of constructing meaning,
including “enlarg[ing]...vision, mak[ing] new connections,
and expand[ing] the scope of [the learner’s] possible
understandings” (p. 17). While both constructivism and
constructionism focus on the active knowledge constructed
through a learner’s interaction with his or her world, there
are distinct differences between the two theories. Piaget’s
theory focuses largely on the collective evolution of thinking
and learning at different stages in a child’s development, and
“tends to overlook the role of context, uses, and media, as
well as the importance of individual preferences or styles,

in human learning and development” (Ackerman, 2001, p.

4). Papert’s constructionism is more individualized than
Piaget’s theory, focusing less on the commonality of learning
experiences and more on individual experiences, and hones
in on learning through making and creating, involving
external objects and forces. While both theories concern the
construction of knowledge, constructionism, in the words of
Papert and Harel, “adds the idea that this happens especially
felicitously in a context where the learner is consciously
engaged in constructing a public entity, whether it’s a sand
castle on the beach or a theory of the universe” (1991, p. 1).
According to developmental psychologist and MIT Media
Lab contributor Edith Ackermann, the three key factors that
differentiate constructionism from constructivism are:

1. The increased role of external aids in learning
and development

2. The emphasis on digital and technological aids

3. The hands-on initiative a learner takes in the creation of
tools, objects, or knowledge (Ackerman, 2001, p. 5)

Though the Maker Movement has been linked to both
constructivism and constructionism, the movement’s emphasis
on external aids, learning through hands-on or creative
initiatives, and digital or technical tools clearly aligns it more
with Papert’s constructionism. In a 2014 article, educator and
instructional designer Jonan Donaldson argued that the timing
is right for a rebirth of constructionism, which is still not a major
part of educational discourse for many teachers. The theory was
developed when users of digital technologies were only able to
be consumers of information; now, “Internet technologies [have]
allowed anyone to become a producer of information” (2014,

p. 7). The original tenets and principles of constructionism,
Donaldson argued, live on today in the Maker Movement,
propelled by innovative and newly accessible technologies and
digital tools that are greatly affecting the current and future
educational landscape for young learners (p. 8).

Recent Maker Stakeholder Meetings

Building on the popularity of the Maker Movement and a desire
to assess and expand Maker impact in different spheres, a
number of meetings of movement stakeholders have been

held over the past five years, many organized or supported by
the National Science Foundation (NSF). These meetings and
workshops were held with the overarching goal of learning
more about the characteristics and needs of Makers. The
following three Maker stakeholder events were hosted by NSF:

e The World Maker Faire Workshop (NSF DRL-1046459)
was held in conjunction with the 2010 World Maker
Faire at the New York Hall of Science. The workshop
brought members of the Maker community together
with formal and informal science and mathematics
learning experts with a goal of informing the science
and research communities about opportunities for
innovations in education and learning.

e The Design, Make, Play: World Maker Faire Workshop,
Phase Two (NSF DRL-1146545) was held in conjunction
with the 2011 World Maker Faire. The workshop
expanded upon the previous World Maker Faire
Workshop by identifying initiatives that bridge
the Maker and STEM communities while building
students’ foundational STEM knowledge and engaging
audiences underrepresented in STEM careers. The
meeting was organized around three main ideas:
catalyzing a national Maker Movement, disseminating
and scaling design principles, and assessing impacts
on STEM learning and attitudes.

Background: A Brief History of Makers and the Maker Movement 6



e The Engineering and the Maker Movement: Intersections
and Opportunities meeting was hosted by NSF in July
2014. The purpose was to inform NSF staff about these
intersections and the opportunities they presented.

The 2015 NSF Maker Summit

In response to the White House’s Call to Action following the
June 2014 White House Maker Faire, the American Society
for Engineering Education (ASEE), with funding from NSF,
designed, planned, and hosted the 2015 NSF Maker Summit
on November 2-3, 2015 in the Washington, D.C. metro area.
This summit was attended by more than 50 individuals,
representing five different Maker segments:

1. Informal learning settings

2. Making/hacking in community spaces

3. University Makerspaces

4. Engineering and science researchers who
engage in Making

5. Education researchers who engage in Making

The major goals of the summit were to forge connections
across different segments of the Maker Movement, envision

the future of Making for the engineering and education
communities (going beyond the undergraduate education
community), and identify how Makerspaces can be designed

to foster inclusiveness and broaden participation in the Maker
Movement. Prior to the summit, participants were asked to
complete a survey gauging their interest in particular Making
topics and ascertaining what they hoped to gain from the event.

—
—

7 Envisioning the Future of the Maker Movement

The summit agenda was formed using participant responses,
suggestions, and comments from this survey, in addition to input
fromm NSF and the 2015 NSF Maker Summit Planning Committee.

The 1.5-day summit began with Pramod Khargonekar, Assistant
Director of the Directorate for Engineering at NSF, presenting
the four key ways that the Maker Movement can make an
impact on engineering, education, and society:

A. The relationship between informal and
formal learning

B. Teaching, evaluation, and assessment

C. Diversity, accessibility, and inclusion

D. New technologies and innovations

All workshop attendees then participated in a “lightning

talk” exercise, during which they were given 60 seconds to
introduce themselves and discuss any topic of their choosing
related to Making. The remainder of the summit was composed
of facilitated group activities, conscious collaboration, and
active discussion among participants.

The subsequent section of this report focuses on discussions
about the four key issues introduced by Khargonekar.
Following an exploration of these four key issues, this report
concludes with suggestions for the expansion of Makerspaces;
recommendations for stakeholder support of the Maker
Movement; predictions of movement impact on different

sectors of society; and summative thoughts on the movement,
supported by the results of the NSF 2015 Maker Summit.







and openness to learning from one another (Packer, 2006). The
Children’s Museum of Pittsburgh is an example of successful
collaboration between formal and informal learning spaces.
Summit attendee Lisa Brahms, Ph.D., Director of Learning and
Research at Children’s Museum of Pittsburgh, runs MAKESHOP,
a Makerspace for children and families at the museum. In this
role, Brahms collaborates with teachers and administrators to
design replicable educational models, through crowdfunding
and professional development that authentically integrate
Making programs into regional schools, museums, and libraries.
The Children’s Museum of Pittsburgh is also partnering with the
Institute of Museum and Library Services in an effort to create
a research-based framework to support learning in museums,
libraries, and K-12 and higher learning institutions.

There are many benefits from collaboration and partnership
between informal and formal learning institutions. Several

are noted in the 2008 NSF report Framework for Evaluating
Impacts of Informal Science Education Projects, including
increased funding; potential deepening of a project’s impact
through the pooling of individual and organizational strengths;
and greater prospects of organizational progress, innovation,
and long-term change. Museum educator Heidi Moisan added
a number of additional benefits in her 2009 article “Partners

in Process: How Museum Educators and Classroom Teachers
can Create Outstanding Results.” These included: professional
development for both museum and school educators; student/
teacher access to more learning materials (museum collections,
hands-on components); fostering a sense of community
between teachers and museum educators; and contributing to
long-term learning experiences through multi-visit programs
and joint evaluation efforts. Several informal/formal learning
partnerships are explored in detail in the 2014 Science Museum
of Minnesota report Maker Corps: 2014 Evaluation Report.

B. Teaching, Assessment,
and Evaluation

Educational and pedagogical technigues have been evolving
in recent years, highlighting innovative concepts like action-
based learning, integrated curricula, and the use of technology

9 Envisioning the Future of the Maker Movement

as a supplement to traditional lecture and textbook-based
learning. Today’s children, as noted by MIT Media Lab’s Mitch
Resnick in his keynote speech from the 2014 Constructionism
and Creativity Conference, occupy a world that is changing and
evolving at previously unmatched speed:

To thrive, they must learn to design innovative solutions
to the unexpected problems that will undoubtedly arise
in their lives. Their success and satisfaction will be based
on their ability to think and act creatively. Knowledge
alone is not enough: they must learn how to use their
knowledge creatively (2014, p. 1.

By their nature, learning experiences that integrate Making
activities offer opportunities for action-based learning,
technology inclusion, integrated disciplines, learner agency,
and creative thinking skills. Educators often struggle with
how to best instruct and make an impact on their students
while incorporating these innovative aspects of pedagogy and
continuing to adhere to traditional curriculum and standards
guidelines. The challenge of introducing Making to learners
(Pre-12 students, museum visitors, community members,
undergraduates, and others) was discussed at great length
during the summit. Through these discussions, a number

of valuable teaching techniques emerged that can be used

to facilitate Making learning experiences. This section of

the report will explore several of these teaching tools and
techniques, introducing their basic characteristics, and, where
applicable, specific examples of these techniques in practice,
as described by 2015 NSF Maker Summit participants.

Being thrown into a Makerspace might be daunting for
many learners for a number of reasons. Some may feel
technically inexperienced, while others may not have
previously encountered action-based learning or may
be unfamiliar with less structured learning. Some may
simply be shy. It is important for educators to foster an
open-minded, safe learning space for all members of
an audience and to attempt to foster a Maker mindset.
At the beginning of a Making experience, the audience
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“By posing questions

to the learners initially,
educators inject a sense
of agency and self-
directedness into the
learning experience.”

YAYAVA

can be engaged by asking such questions as, “What do
you want to make today?” Educators can adjust these
gquestions according to their level of difficulty for different
age groups. By posing questions to the learners initially,
educators inject a sense of agency and self-directedness
into the learning experience. Continuing to ask students
guestions throughout the project further supports
agency. Educators should offer assistance with difficult
technical tools and processes, but stay at a distance; as
a mainly self-directed learning experience, the project
should allow learners to make mistakes and learn how to
fix them on their own (Onkka & Anderson, 2014).

Karen Wilkinson, Director of the Tinkering Studio at
San Francisco’s Exploratorium, spoke at the summit
about the importance of embracing student curiosity
and questioning. What is unique about Maker-centered
learning, in contrast to traditional classroom learning,
is “initiative and intentionality.” Allowing for initiative
and intentionality moves teaching “beyond step-by-
step instruction and single outcomes, allowing for
more diverse solutions and personal expression that
ultimately makes it more meaningful for the learner.”
These meaningful self-directed experiences help
promote and foster learner agency.

Emphasize Relevance

The ability to make an educational experience relevant
to a learner is a vital teaching tool. When something

is relevant, it is both interesting and worth knowing.
Educators should seek to convey both utility value
(how this knowledge or skill can be used in the future)
and relatedness (how this knowledge relates to what
the learner already knows or has experienced). When
learners find the material relevant, they are more likely
to be engaged, and subsequently more motivated

to complete or continue the learning experience
unsupervised (Roberson, 2013).

Shawn Jordan, Assistant Professor of Engineering at
Arizona State University, works on an NSF CAREER project
with the Navajo nation. At the summit, he discussed the
importance of relevance and making real-life connections
to STEM. By linking these topics to real-life experiences
and, in his work, intersecting engineering processes with
Navajo culture, learners feel a deeper connection to what
they are learning and more empowered to make changes
in their communities and society.

Make it Integrated

Integrated teaching refers to the unification of subjects
or disciplines through instruction. The two types of
integration that will be discussed in this report are
multidisciplinary and interdisciplinary. Multidisciplinary
integration focuses on linking subjects together based
on a common idea or theme. Interdisciplinary integration
focuses on linking the common skills learned through
different disciplines (Drake & Burns, 2004). The Next
Generation Science Standards (NGSS), released in

2013, emphasize integrated education by including
crosscutting concepts and disciplinary core ideas in the
framework. Crosscutting concepts are abstract concepts
that can be applied to multiple science domains;
disciplinary core ideas are tools for understanding

that apply to multiple science domains and can be
scaled in depth and difficulty for different audiences.
These learning tools seek to encourage a more organic,
integrated way of teaching and learning the sciences
(Next Generation Science Standards, 2016).

Several summit participants mentioned their own use of
integrated teaching in Making projects and programs.
Shaunna Smith, Assistant Professor of Educational
Technology at Texas State University, combines Making
with visual arts, using design-based technologies like
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paper and vinyl cutters and 3D printing. Jay Brockman,
Associate Dean of Engineering for Student and
Community Engagement at the University of Notre
Dame, started a series of program collaborations with
his undergraduate engineering students and Third Coast
Percussion of Chicago, working alongside a popular
modern musician. Through this collaboration, the
engineering students make their own instruments and
then play them. Brockman believes this collaboration
allows the typically scientific and analytic engineering

students to embrace their more creative and artistic sides.

Writing in the Chronicle of Higher Education in 2015,
Loni M. Bordoloi and James J. Winebrake underscored
the value of integrating liberal arts components into
science education. They argued that a multidisciplinary
approach is needed to solve many of today’s pressing
problems, and “integrating the liberal arts in engineering
education positions future engineers to be successful at
anticipating, defining, and solving these problems” (p.
1). There are often barriers to such integration, including
faculty time constraints, resistance to possibly devaluing
traditional engineering disciplines, or a lack of comfort
with making cross-curricular connections. Brockman’s
program effectively marries engineering education with
the creative liberal arts, and serves as an example for
other engineering courses and programs. While there are
currently a number of these programs in colleges and
universities, more engineering faculty must recognize
that integrating liberal arts into engineering education
“provides a foundation upon which students begin to see
their role in the world as ethical professionals equipped
to define the contours [...] of the challenges at hand and
devise solutions accordingly” (p. 4).

Acknowledge Different Intellectual Abilities

In 1983, developmental psychologist Howard Gardner put
forward the theory of “multiple intelligences.” This theory
posits that multiple types of human intelligence exist in the
brain, each with a distinct way of processing information.
Gardner offered eight different “intelligences” and the
means and methods by which each processes information:

* Verbal-linguistic—information processing through
the written or spoken word

* Logical-mathematical—information processing
through calculation and analytics

* Visual-spatial—information processing through
graphics and visual aids

* Musical—information processing through music
and sounds

* Naturalistic—information processing through
interacting with the natural world

» Bodily-kinesthetic—information processing
through hands-on activity or using the body

* Interpersonal—information processing through
acknowledging others’ moods, personalities,
and character

* Intrapersonal—information processing through
acknowledging one’s own moods, personality,
and character

Translating this theory to pedagogical techniques, it is
important for educators not to adopt a singular mode

or method of instruction and presentation. Rather, they
should seek to engage multiple intelligences to reach
more learners. “Multiple intelligences” should not be
confused with “learning style,” which is a more fluid term
without clear criteria (Edutopia, 2013).

Making, as a process, emphasizes the bodily-kinesthetic
intelligence, but can incorporate and reach a number of
Gardner’s different intelligences, depending on project
design and implementation. During a breakout activity at
the 2015 NSF Maker Summit, one group of participants
discussed Making’s potential as a unique learning tool,
determining that Making has the power to engage
different types of learners. One participant noted that
“Making allows a way to engage the non-traditional
learner, somebody who’s just not going to do the
homework or do the textbook ... somebody that learns
by hands-on or visually. That’s something that’s very
unique that Making can [provide] to students.”



Assessment and Evaluation

The 2008 NSF report Framework for Evaluating Impacts of
Informal Science Education Projects explores evaluation and
assessment techniques that can be applied to Making experiences.

Though evaluation often occurs at the end of a learning
experience, educators should adopt it as a planning tool,
using a backward design (Wiggins, G. & McTighe, J., 2005)
approach that explores potential learning goals and impacts
and how best to achieve and assess these through project
and evaluation design. The NSF report identifies six impact
categories for learners:

A. Awareness, knowledge, or understanding—\What
information the learner gains by completing the project;
can be observed or reported by the learner

B. Engagement or interest—Excitement or involvement in
the project or process the student has completed; can
be observed, short and/or long-term impact

C. Attitude—Change in a learner’s long-term perspective
towards something covered in the project (e.g. STEM
topic, diversity issue, the importance of a certain
engineering area, etc.); typically reported by the learner

D. Behavior—Acknowledgement by learners that they
will change a behavior following the completion of
the project (e.g., will start recycling after completing
environmentally-conscious project); typically
reported by learner

E. Skills—Measurable skills (e.g. procedure skills,
psychomotor skKills, skills regarding a certain
technology); can be observed

F. Other—Specific to one project (this category should be
limited in use) (Friedman, 2008, p. 21)

After selecting which impact category or categories a project
seeks to effect, an evaluation design should be chosen.

This step involves both project timing and design method.
Regarding timing, front-end evaluation takes place before

a project is implemented, formative evaluation takes place
during a project (for example, after each class in a three-
class series), and summative evaluation (the most commonly
used timing method) occurs upon project completion.
Summative evaluation is most commonly used. To determine
the kind of evaluation design method to employ for a certain
project, planners must consider the best ways to assess

the selected learning impacts. Evaluation design methods
include: qualitative, quantitative, case studies, experimental
design, and mixed-methods design. A full chart of evaluation
designs and their advantages and disadvantages, adopted
from Framework for Evaluating Impacts of Informal Science
Education Projects, can be found in Appendix C.

Once impact categories and evaluation design have been
selected, planners should select the appropriate evaluation
instrument to employ. Evaluation instruments may take many
forms and are dependent on project impact goals. Some
instruments that may be used to assess learning from a
Making experience are:

e Surveys

¢ Questionnaires

* Observations

¢ Interviews

¢ Performance tasks (hands-on)

« Self-reflection exercises

« Formal written assessments (test, worksheets, etc.)
¢ Student focus groups

e Student portfolios
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These instruments evaluate learning impact and help inform
planners of how to improve a project. They are employed (if
using summative evaluation) following project completion,
and can also be used at a designated time period following
completion in an effort to assess long-term learning impacts
(Friedman, 2008). For guidance on creating a project evaluation
plan, see the Suggested Resources at the end of this report.

At the 2015 NSF Maker Summit, Anthony (Eamonn) Kelly, a
senior advisor in the NSF Education and Human Resources
Directorate, spoke of the challenge of evaluating Making
learning experiences:

There’s been a long and sometimes tedious debate
about how you set up a research plan in education, and
so far we have been making a pharmacy model. You
randomly assign with a pill and see who'’s healthier at the
end, probably a silly idea. So how do you track people’s
learning as they’re Making? If somebody stays engaged
in Making for a long period of time, how does that affect
their learning? That raises two questions: how would you
assess it and how would you evaluate it?

Kelly suggested that educators seek out organic methods of
assessment and evaluation. Some educators are already using
such methods, including participant Julie Linsey, Associate
Professor and Lead at the Georgia Tech Invention Studio.
Linsey emphasized the importance of measuring learning
both in the short and long term. A large part of her job at

the Invention Studio is working to evaluate how the studio’s
Making projects affect the development of practical skills. She
is currently conducting an NSF-funded study that explores
indicators of long-term learning like knowledge retention and
changes in a learner’s behavior or awareness.

C. Diversity, Accessibility
and Inclusion

Diversity, accessibility, and inclusion are major areas of interest
and attention in the STEM community, as STEM fields are
typically perceived as having a homogenous, heteronormative
population. Jen-Mei Wu, founder and president of Liberating
Ourselves Locally (LOLspace) noted at the summit that
Google, known as a relatively diverse company, has a minute
percentage of African American and Latino/Latina engineers
on its staff. The 2013 U.S. Census Bureau Report Disparities in
STEM Employment by Sex, Race, and Hispanic Origin noted
that male science and engineering graduates are employed

in @ STEM occupation at twice the rate of female graduates
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“Embracing and
enhancing diversity is
important for industry
growth, economic
growth, and the
ability to compete in
a global workforce
(Gibbs Jr., 2014).”

(Landivar, 2013). Consideration of diversity, accessibility,

and inclusion extends beyond race, gender, and ethnicity to
encompass the LGBTQ community and its supporters; income
disparity (low-income families, underserved communities);
and differently-abled populations (including both visible and
invisible disabilities).

It is now widely acknowledged that increased diversity has
a positive impact in all sectors of business enterprise and
especially so in the STEM fields. Embracing and enhancing
diversity is important for industry growth, economic growth,
and the ability to compete in a global workforce (Gibbs Jr.,
2014). Diversity in experience and perspective is often a key
to problem-solving; lack of diversity denotes a deficiency

of talent. Three questions regarding diversity were posed
during the Maker Summit:

1. How can we increase the pool and diversity of students
interested in STEM and retain them?

2. How can we develop strong leaders from underserved
or underrepresented groups?

3. How can we help students from overrepresented
groups become advocates for diversity?



After discussing these questions and issues in small clusters,
summit participants shared their ideas with the full group.
While the first question garnered a wealth of discussion and
ideas, the second and third questions proved more challenging.
It is possible that participants simply had more ideas related

to the first question, but a reluctance to discuss potentially
uncomfortable topics may have come into play. During the
sharing portion of the exercise, Stacie Gregory, at the time a
post