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“We must reimagine middle school science and math not as a way to
prepare students for high school, b ut as a place where students are
inventors, scientists, and mathematicians today.”
So say Sylvia Martinez and Gary Stager in this exciting guest article
about the Maker Movement and its implications for kids, schools and
STEM studies.

Join

Martinez and Stager are the authors of a must-read book, Invent To
Learn: Making, Tinkering, and Engineering in the Classroom. In this
informative post, they encourage STEM educators, school leaders and
teachers across the curriculum to transform our classrooms into
centers of innovative thinking and experimenting. ~ Anne Jolly
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by Sylvia Libow Martinez & Gary S. Stager
The last decade and more has been a dark period for many schools. Emphasis on
high-stakes standardized testing, de-professionalizing teachers, and relying on data
rather than teacher expertise has created classrooms that are increasingly devoid of
play, rich materials, and the time to engage in meaningful projects.
What’s more, the national rhetoric about the importance of STEM subjects (Science,
Technology, Engineering, and Math) has sadly, for many schools, not been reflected
in a revitalization of science or math curriculum.
Fortunately, there’s a technological and creative revolution underway that may
change everything – the Maker Movement.
Sylvia Libow Martinez
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Amazing new tools, materials, and skills turn us all into makers. Using technology to
make, repair, or customize the things we need brings engineering, design, and computer science to the masses.
Hundreds of thousands of adults and children are frequenting Maker Faires, hackerspaces, and DIY (Do-ItYourself) websites. A growing library of literature inspires learners of all ages and experiences to seize control of
their world.
Online communities serve as the hub of a digital learning commons, allowing
people to share not just ideas, but the actual programs and designs for what they’ve
invented. This ease of sharing lowers the barriers to entry as newcomers can easily
use someone else’s code and design as building blocks for their own creations.
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Fortunately for educators, this maker movement overlaps with the natural
inclinations of curious children and the power of learning by doing. It holds the keys
to reanimating the best, but oft-forgotten learner-centered teaching practices. The
magic of the middle years, where students can shift seamlessly between childhood
play and preparation for serious academics are the perfect place for these engaging,
transformative new tools and materials.
Gary S. Stager

The maker movement celebrates the talents of young people like Sylvia (aka Super-Awesome Sylvia) who has a
web-broadcast program, Sylvia’s Super-Awesome Maker Show, where she sings, plays, and teaches her millions
of viewers about electronics, Arduinos, and other fun projects.
Eighth grader Joey Hudy is a young maker and entrepreneur who surprised President Obama with a homemade
marshmallow cannon at the White House Science Fair. Here’s the raw video footage, with the President providing
some muscle power.
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Caine Munroy is a young man who made an entire game arcade entirely out of cardboard and tape. A neighbor fell
in love with Caine’s ingenuity and asked his father if he could make a video about the arcade. Not long after,
Caine’s Arcade lit up YouTube. Caine and his arcade have inspired millions of people around the world. He’s
received invitations to visit other countries, a scholarship fund was created for his college education, and a
foundation was created to nurture creativity in kids across the globe. Los Angeles Mayor Antonio Villaraigosa even
gave Caine a cardboard key to the city! (See Caine’s TEDx appearance here.)
Of course these are extraordinary young people — but there are extraordinary young people in every city, every
school, and every classroom who deserve the same opportunities to express themselves by inventing, creating,
and making.

Children’s seminal learning experiences come through
direct experience with materials, especially in STEM
subjects. Digital fabrication devices such as 3D printers and
physical computing, including Arduino, MaKey MaKey and
Raspberry Pi expand a child’s toy chest and toolbox with
new ways to make things and new things to make. For the
first time ever, childhood inventions may be printed,
programmed, or animated with interactivity.
While school traditionally separates art and science, theory
and practice, such divisions are artificial. The only reason
we are even discussing STEAM (adding Arts to STEM) is that
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so many schools removed art from the curriculum. The real
Awesome Sylvia Todd
world just doesn’t work that way! Architects are artists.
Craftsmen deal in aesthetics, tradition, and mathematical
precision. Video game designers rely on computer science. Engineering and industrial design are inseparable.
Children naturally invest their own inventions with an esthetic component when given agency over their own
creations. The maker community brings children, hobbyists, and professionals together in a glorious celebration
of personal expression with a modern flare. There is no reason that schools cannot do the same.

Three game-changers should be on every school’s radar:
Computer controlled fabrication devices – Over the past few years, devices that fabricate three-dimensional
objects have become an affordable reality. These 3D printers can take a design file and output a physical object.
Plastic filament is melted and deposited in intricate patterns that build layer by layer, much like a 2D printer prints
lines of dots that, line by line, create a printed page. With 3D design and printing, the ability for students to design
and create their own objects combines math, science, engineering, and craft.
Physical computing – New open source microcontrollers, sensors,
and interfaces connect the physical world to the digital world in ways
never before possible. Many schools are familiar with robotics, one
aspect of physical computing, but a whole new world is opening up.
Wearable computing – where circuits are made with conductive thread
– makes textiles smart, flexible, and mobile. Plug and play devices that
connect small microprocessors to the Internet, to each other, or to any
number of sensors mean that low cost, easy-to-make computational
devices can test, monitor, and explore the world.
Programming – There is a new call for programming in schools, from
the Next Generation Science Standards to the White House.
Programming is the key to controlling this new world of computational
devices and the range of programming languages has never been
greater. Today’s modern languages are designed for every purpose
and every age.
One might try to marginalize robotics or 3D fabrication as having nothing to do with “real” science, dismissed as
play, or as just a super-charged hobby. However, today’s new low-cost, flexible, creative, and powerful materials
should be viewed as building blocks for today’s children and their STEM interests.
This is much more than just “hands-on” crafting – these tools bring electronics, programming, and computational
mathematics together in meaningful, powerful ways. We must reimagine middle school science and math not as
a way to prepare students for high school, but as a place where students are inventors, scientists, and
mathematicians today.
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The tools and ethos of the maker revolution offer insight and hope for middle schools. The breadth of options and
the “can-do” attitude is exactly what students need, especially girls as this is the age they tend to opt out of science
and math.
But hands-on making is not just a good idea for girls;
all students need challenge and “hard fun” that leads
to big ideas and inspires them to dive deeper.
Making science interesting and fun is not pandering to
young sensibilities; it honors the learning drive and
spirit that is all too often crushed by endless
worksheets and boring vocabulary drills. Making is a
way of bringing engineering to young learners. Such
concrete experiences provide a meaningful context for
understanding abstract science and math concepts.
Tinkering is a powerful form of learning by doing, an ethos shared by the rapidly expanding maker community and
many educators. Tinkering is the process of design, the way that real science and engineering is done. We owe it
to our children to give them the tools and experiences that real scientists and engineers use, and the time is now
to bring these tools and learning opportunities into real classrooms. There are multiple pathways to learning what
we have always taught, and things to do that were unimaginable just a few years ago.

Even if educators don’t have access to expensive (but increasingly affordable) hardware, every classroom can
become a makerspace where kids and teachers learn together through direct experience with an assortment of
high- and low-tech materials. The potential range, breadth, power, complexity, and beauty of projects have never
been greater thanks to the amazing new tools, materials, ingenuity, and playfulness found in today’s maker
materials. Turning every classroom into a makerspace and every child into a maker is the path to creating truly
personal learning for every student.

• Invent To Learn: Making, Tinkering, and Education in the Classroom - This website is the home of our
groundbreaking book. It gives educators a practical guide to bringing 21 st century tools, technology, and pedagogy
to any classroom. We also include recommended books and hundreds of links to resources and professional
development for making, tinkering, and engineering in the K-12 classroom.
• Video – Making in Education – Gary Stager’s interview with Steve Hargadon at the 2012 San Mateo Maker Faire.
• Constructing Modern Knowledge – a premier event for teacher professional learning with the tools and
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• Constructing Modern Knowledge – a premier event for teacher professional learning with the tools and
materials of the 21st century.
• Learning by Making: American kids should be building rockets and robots, not taking standardized tests, a
Slate magazine article by Dale Dougherty.
• Make magazine – The bible of the Maker Movement, for adults and young people.
• Why I LOVE My 3D Printer (and you will too!) is a video of a passionate talk by 12-year-old Schuyler St. Leger.
• Sylvia’s Super Awesome Maker Show is a video series produced by Sylvia Todd, an 11-year-old maker, and her
father. Her videos are youthful and vibrant examples of playful technology. The New York Times recently wrote a
profile that will interest educators.
___
Sylvia Libow Martinez is President of Generation YES, a non-profit with a mission of empowering young people
to improve their schools and communities with modern technology. Sylvia holds a B.S. in electrical engineering
and a master’s degree in Education Technology and works in schools around the world to bring the power of
authentic learning into classrooms, particularly in STEM subjects. In earlier careers, she was an aerospace
engineer and senior scientist researching GPS navigational satellite systems.
Gary S. Stager is a leading expert and advocate for computer programming, robotics and learning-by-doing in
classrooms and a pioneer in developing online learning systems. In addition to being a popular blogger
and keynote speaker, Gary is a journalist, teacher educator, consultant, professor and software developer, and
founder of the Constructing Modern Knowledge summer institute for educators.
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Anne Jolly began her career as a lab scientist, caught the science teaching bug and was
recognized as an Alabama Teacher of the Year during her years as a middle grades science
teacher. Today, she works with teacher teams in schools across the Southeast to help them take
control of their own professional learning. Her practical how-to book Team to Teach is published by
Learning Forward. Anne is also a curriculum consultant for a Mobile-based, NSF-supported project
to develop engaging, standards-based STEM lessons that are easily integrated into middle school
curricula. One important focus of her MiddleWeb blog is to engage readers in conversations
around STEM subjects.
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zep said:

Jun 24, 2013 12:52 PM

Why is it that we always seem to be in this two-dimensional paradigm, either textbook driven or project
based learning? I look forward to the day when we implement authentic differentiation when the
approach used aligns with that which the student prefers, and is open to switches in approach based
upon the content within a course. Some students using technology, some using textbooks, some
using projects, and some using a hybrid will be the day we practice what we preach, differentiation.
Reply →
Caroline Goode (@CalGoode) said:

Jun 24, 2013 4:16 PM

I see a direct Maker-Engineering Design connection, and would hope that there are teachers out there
who DO offer the “switches in approach” that Zep talks about in his comment. Whether we call it
“Maker”, “Tinkerer”, or “Engineer”, the goal remains the same…..bringing more creativity, problemsolving, and technology into the STEM classroom.
Reply →
Gary Bau said:

Jun 24, 2013 10:59 PM

while we continue to work in large systems, the approach is inevitably opportunist and focussed on
every child/student everyday. this sense of helplessness only persists when the policy makers and
money handlers do not recognise the value or the effort of teachers and their students. Persistence is
a fundamental requirement for these worthy challenges to the easy road of testing and hard asters…
blame the student consumerism. Authentic learning will keep on with this latest tilt, which is even
better pitched than previous efforts. More strength to the movement! MAGnet-magnificent network is
attempting similar in south east Australia. The maker approach is to be applauded, well done Gary
and Sylvia on their most recent contribution.
Reply →
Anne Jolly said:

Jun 28, 2013 9:19 PM

This is truly a magnificent post that offers a creative, unique, and useful approach to developing
workable STEM instruction. Zep pointed out the importance of teachers truly diversifying instruction –
and this is certainly one approach to truly diversified teaching and learning. Cal mentioned the need to
bring more more creativity, problem-solving, and technology into the STEM classroom. I literally grin
when I think of what the MakerSpace classroom would look like and how much creativity would be
evident if teachers incorporated this approach. And Gary Bau – I agree with you! More strength to the
Maker movement!
Thanks to you, Sylvia Martinez and Gary Stager, for your book and your contributions to the relevant and
authentic education of our students! We look forward to learning more from you.
Reply →
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MiddleWeb's STEM Imagineering
blogger Anne Jolly applies her
expert knowledge about effective
professional learning teams to
STEM PD.

STEM studies aren't keeping up
with STEM career opportunities.
The solution? More girls! Anne
Jolly has six new ideas to boost
female interest & participation.

How can we do more to educate
parents about STEM? Anne Jolly
searches for a workable
information model in her latest
post at STEM Imagineering.
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