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Making Their Mark
In Trevor Shaw’s physical computing

class at the Dwight-Englewood School
in New Jersey, a group of eighth-graders
recently created their own Star Wars-
inspired laser turrets using a 3D printer.
The students used a servomotor to con-
trol the turrets electronically and an
LED light on the end of the guns to sim-
ulate a laser firing.

“The kids were designing these themselves. They were
measuring, designing in CAD, and creating prototypes
through trial and error to get them right,” said Shaw, who is
also the school’s director of technology. “They were out-
putting their design on the 3D printer, realizing it didn’t quite
work right, redoing it, and then coming up with a program that
would make the turret turn or make the LED do a rapid fire.” 

Along the way, students were learning not just science,
technology, engineering, and math (STEM) skills, but also
creativity, problem solving, and a host of other “soft” skills
that today’s employers covet. Perhaps best of all, their learn-

ing “was being driven by their curiosity
and their passion,” Shaw said.

It’s benefits like these that are fueling
the rise of the “maker movement” in K-12
schools. Aiming to inspire a new genera-
tion of problem solvers and innovators, a
growing number of schools at all levels are
creating maker spaces equipped with
everything from construction paper and

glue guns to electronics kits, 3D printers, and laser cutters.
In Shaw’s class, students design and build their own

inventions in a classroom that’s set up like a maker space. 
“In my experience, the best learning happens when the

content is a means to an end, and not the end in itself,” he
said. “What I mean by that is, let’s start with something the
students find interesting. A maker space gives them the
opportunity to begin with something they want to build.” 

Shaw gives his students a broad challenge, such as: Make
the coolest thing you can imagine that moves. “I’ll give them
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some direction and then get out of their
way, so they can explore,” he said. “Then,
when they dive in and start making what
they want to make, they’re going to run
into problems, and they’re going to real-
ize, ‘I need to learn how to control an
LED, or how to write a program.’ And
then the learning happens organically as
they go through those projects.”

The maker movement isn’t really
anything new. “Montessori said that
when you work with your head, your
heart, and your hands, it all works
together,” said Sylvia Martinez, who
co-authored the book Invent to Learn:

Making, Tinkering and Engineering in

the Classroom with Gary Stager. “This
is good pedagogy. Piaget said knowl-
edge is a consequence of experience.”

But one of the things that’s different
today is the sophistication of the tech-
nology tools available to students.

“You can now take really complicat-
ed, sophisticated things and make them
accessible to the novice,” Shaw said.
“Say you want to design a part for a
robot and then fabricate that part, and
do it five or six times until you get it
right. Twenty years ago, you would
have needed engineering skills to actu-
ally design it. You would have needed
software that would have cost tens of
thousands of dollars. You would have
had to send your prototype out to be
fabricated, and you would have waited
weeks and weeks to get it back.” 

Today, with the help of widely acces-
sible design programs and 3D printers,
“any sixth-grader can do that in a single
class period,” he said. “And any teacher
can incorporate that into her class. It’s
such an empowering experience.”

Having students own 
their learning

Empowerment is a word that Ryan
Erickson also uses when he talks about
the impact his own school’s maker
space is having on students. 

Erickson is the maker space coordi-
nator for Cedar Park STEM Elementary
School, a K-5 school in Apple Valley,
Minn. Cedar Park created a maker space
within a section of its library. The space
is part of the school’s rotation of spe-
cials, so all students have an opportuni-
ty to experience it.

“At its core, the maker movement is
about empowering students to create
their learning, and then they own that
learning,” Erickson said. When students
are using the maker space, he added,
"We've seen their engagement go
through the roof.”

Erickson leads projects that support
the school’s STEM curriculum. For
example, in fifth grade, students learn
about how different land forms are made.
“One group researched meanders—how
rivers move back and forth,” he said.
“They found that a meander is formed by
erosion. We had them use a free web-
based sculpting tool, called SculptGL, to
erode a cube away to form a meander.” 

The students were performing the
same function the river does over time,
he said, adding: “They were able to
print out that meander and hold it in
their hands, interact with it, and present
the concept with the model they had
created. All the while, they were learn-
ing not only about meanders but also
making skills, presenting skills, and
CAD ability.”

Cedar Park’s maker space includes a
3D printer from Stratasys, a local
Minnesota company, and Erickson is
excited about the technology’s ability to
connect the physical and the digital
worlds.

“You can create something in the
digital world and then hold it in the
physical world,” he said. “That’s really
powerful.” What’s more, students can
share their digital file with the world,
and humanity as a whole can benefit
from their solution to a problem.

“One aspect of 3D printing is that it
allows students to kinesthetically work
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with content, so they can understand
abstract concepts better,” Erickson said.
“But the greatest impact I’ve seen from
3D printing is that, when I can get my
students to make something, they own
that learning now. At the top of Bloom’s
taxonomy is to create. This is making at
its core. And all the while, we’re teach-
ing 21st-century skills.”

Cedar Park’s maker space includes
not only a 3D printer, but also a laser cut-
ter, a vinyl cutter, and low-tech manipu-
latives such as Legos and K’NEX.
“While those building blocks have their
place, a lot of kids have those at home,”
Erickson said. “It’s another level of
engagement altogether when students are
working with the technology.”

In Shaw’s classroom at the Dwight-
Englewood School, he has electronics
kits such as littleBits, MaKey MaKey,
and Arduinos for building circuits and
other electrical components. He also has
a 3D printer and tools such as pliers,
soldering irons, and glue guns.

The goal of his class is to “teach kids
how to learn,” he said. He has come up

with a list of “habits of mind” that all
good problem solvers should possess
(see sidebar page 7), and he uses a struc-
tured design process to help students
develop those skills.

“If students can’t remember the dif-
ference between a resistor and a capaci-
tor six months after leaving my class,
who cares?” he said. “But they better be
really good at problem solving and
designing things, and figuring out how to
learn what they need to learn. That’s real-
ly the goal—and I’m hoping it will be a
transformative experience for them.”

A different approach 
to instruction

With support from a $3 million
Investing in Innovation (i3) grant from
the U.S. Department of Education, two
public schools in Chicago have created
maker spaces (called “digital ateliers”)
that are used to provide both formal and
informal learning opportunities for stu-
dents—and the addition of these spaces
has made a big impact on student
achievement.

The project, called Convergence
Academies, is expanding traditional
ideas about education while giving
urban students a greater sense of pur-
pose. The Center for Community Arts
Partnerships at Columbia College
Chicago joined with the Chicago Public
Schools on the program, which is mak-
ing learning more active and engaging
by integrating digital media into both
the culture and curriculum of Morrill
Math and Science School, a K-8 ele-
mentary school, and Tilden Career
Community Academy, a high school
serving grades 9-12.

During the school day, teachers take
their students into the digital atelier to
complete hands-on projects using tech-
nologies such as graphic design software,
video editing tools, electronics kits, and
3D printers. During lunch and after
school, the ateliers provide a safe and
comfortable place for students to gather
and explore 21st-century skills under the
guidance of artists and other profession-
als, called “digital media mentors.”
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This blending of formal and informal
learning is one of many aspects that
make the program unique.

“Students learn in multiple ways,”
said Mindy Faber, co-director of the
Convergence Academies project.
Besides learning in the classroom, “they
learn through their peer culture, and
their interests motivate their learning,”
she explained. But schools traditionally
have not been very good at cultivating
the learning that happens when the
school day ends, Faber said—and the
Convergence Academies model could
be one way to change that.

There is evidence to suggest the pro-
gram is having a big impact on student
success. Morrill has moved from a Level
3 to a Level 1 school and off the district’s
probation list since the program began in
2013. At Tilden, the average attendance
rate has increased from 74 percent to 82
percent, and the graduation rate has
improved from 37 percent to 54 percent. 

More importantly, students are being
exposed to possibilities they never
would have known about before—and
they’re learning important technology
skills that can put them on a successful
career path.

“In a maker space, everyone belongs
and everyone’s interests count,” Faber
said. “When you come into a maker

space, the process begins with
inquiry—what problem do I want to
solve? What is a problem in my com-
munity that we can help design a solu-
tion for? The process is creative and
iterative. It is a safe space for experi-
mentation and discovery, not a high-
stakes, right-or-wrong type of environ-
ment. Hierarchies are flattened out, and
everyone has something to contribute.” 

When students make, design, and
invent, "They are developing multiple
literacies,” she said, “but they are not
learning STEM knowledge for its own
sake—but because they must apply that
knowledge in order to solve the problem
that is driving them.”

This is a fundamentally different
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way of approaching learning for schools
and teachers, Faber said. Many teachers
“do not know how to teach this way,”
she added. “It is not part of their pre-ser-
vice education.” 

Teachers need to shift their roles
away from content providers to “design-
ers of learning experiences,” Faber said.
“Learning how to set up structures,
design environments, use space effec-
tively, and curate technologies and
resources strategically—that is the
future role of the teacher.”

To support teachers in making this
shift, the Convergence Academies pro-
gram hosts training sessions in which
teachers learn to design and evaluate
digital media projects, while giving stu-
dents the space to create and explore.
During these workshops, teachers
assume the role of learners as they com-
plete challenges using tools such as
robotics, photo and video editing soft-
ware, and graphic design software.

“Our goal is to help teachers make
the connection between play, tinkering,
and discovery and how these lead to
deeper learning experiences for stu-
dents,” Faber said. Participants are
given sample activities and rubrics they
can apply with their own students. In
addition, the project is building a suite
of online modules for teacher develop-
ment, called the Connected Classroom
Design Studio, that any school system
will be able to use.

Some keys to success
This kind of training is critical if

maker spaces are truly going to trans-
form learning, Martinez said.

“There’s always a tendency to focus on
the stuff, because it’s cool,” she said.
“Things like 3D printing—what could be
cooler than making something out of
nothing? But there has to be a serious con-
versation about the learning that will hap-
pen there. You can’t just build a maker
space and expect that learning to happen.” 

K-12 leaders must give their teachers
time to collaborate and redesign suc-
cessful projects to take advantage of

these new tools, she said. They also
should encourage connections between
various academic subjects.

Another common barrier is cost. But
K-12 leaders shouldn’t let this keep them
from moving forward, Erickson said.

“Looking at how much some of this
equipment costs can be a stopping point
for some people,” he said. “But you can
create a maker space without implement-
ing these more expensive pieces of
equipment at first, and then build out the
space from there. Don’t let your financial
situation stop you from letting your stu-
dents experience making and creating.”

To get started, Erickson recommend-
ed touring other schools that have creat-
ed maker spaces. “Look at other models
that have been successful elsewhere,”
he said. “Tour the schools, ask ques-
tions, partner with them. One of the
aspects of the maker movement that

we’ve tried to embody is that it’s about
sharing knowledge and ideas. Let oth-
ers’ successes and failures help you.”

In explaining the value of maker
spaces for schools, Shaw noted that
young students are at their creative
peak. “We know that creativity dimin-
ishes as kids go through school,” he
said. “So, why not empower kids when
they’re most creative, and give them
these tools and coach them in the skills
and the habits of mind that are going to
sustain them for the rest of their careers
and their lives?”

When Martinez was researching her
book, she heard from K-12 leaders who
were concerned about how maker
spaces and learning through exploration
fit in with the high-stakes accountability
movement. Her response was that the
two are not mutually exclusive.

“One of the aspects of the maker movement
that we’ve tried to embody is that it’s about
sharing knowledge and ideas. Let others’ 
successes and failures help you.”
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“When Gary and I wrote the book,
we were really talking about a progres-
sive tradition of education that has
largely disappeared from our schools,”
she said. “The teaching profession is
bleeding people who remember what it
was like to have centers in a classroom

and do hands-on projects. If this hap-
pened on our watch, we can undo it. We
can make classrooms places of joy and
excitement. Part of effective leadership
is questioning: Is what we’re doing right
for kids? If not, what are we going to do
about it? It’s complicated, but I think we
can do it.”

Research suggests that when stu-
dents make things themselves, they

value their learning more. 
“Kids believe they can change the

world,” Martinez concluded. “I think
it’s up to schools to give them real tools
and change that belief from being just
wishful thinking to reality, where every
child knows he can change the world,
because he’s had experiences of making
things that work and has had agency
over his own learning.”
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Trevor Shaw teaches a physical computing class to
eighth-graders at the Dwight-Englewood School in New
Jersey, but what he really teaches his students is how to
learn and solve problems. He does that by challenging his
students to make things in a maker space environment.

Shaw has come up with 10 “habits of mind” that he tries
to instill in his students. These are the characteristics that
define effective problem solvers, he says.

They take time to carefully define a problem. Students
sometimes go off track because they make assumptions
about what a problem requires. An effective problem solver
will take the time to ensure he understands the problem
and what it’s asking.

They know what they know. Good problem solvers review
what they already know and incorporate that knowledge into
their understanding of the problem and their solution design.

They can figure out what they don’t know. They can iden-
tify gaps in their understanding and articulate those as ques-
tions. They’re constantly asking themselves, “What don’t I
understand about this system—and what do I need to learn?”

They can find the information they need effectively.
They’re expert researchers, skilled in using all kinds of
information resources, including classmates. They can dis-
tinguish between reliable and unreliable sources and can
identify high-quality sources that match their reading level.

They collaborate. They view classmate as sources of
information and talent. They help teammates divide tasks
equitably and according to each another’s strengths.

They are undaunted by complexity. They aren’t over-
whelmed by large, complex systems. Instead, they’re able
to break a problem down into smaller components that can
be understood and attacked separately.

They model solutions and test them. They can visualize
a solution in their mind. They build digital simulations and
physical models. They use these models to test their solu-
tions following a methodical process.

They produce multiple, divergent, and creative
designs. They can think creatively and imagine many pos-
sible solutions to a problem.

They persist through ambiguity, challenges, and set-
backs. They stay with problems for a long time. Challenges
and setbacks are met with a positive attitude and as an
opportunity to explore new paths.

They evaluate the quality of their solutions with brutal
honesty and make revisions. They have an idea of what
the solution to a problem should look like. Throughout the
process, they measure the quality of their work against that
mental model—and they’re not afraid to make adjustments
as needed.

Ten habits of mind for effective problem solvers
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