
New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org  New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org    

i    ii

New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org New York Hall of Science • May 2012

Design-Make-Play: GrowiNG tHe Next GeNeratioN of ScieNce iNNovatorS



New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org  New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org    

iii    1

 The maker mindset is a growth mindset. To grow the next generation of 
innovators, we need ways to convince young people that their potential is 
determined by what they do and how much effort they invest. 

 — Dale Dougherty

 in January 2012, New York Hall of Science (NYSci) hosted Design-Make-
Play: Growing the Next Generation of Science innovators. the two-day 
conference brought together leaders of schools, community-based 
programs, research and development organizations, the funding commu-
nity, universities, government and business. they gathered at NYSci 
to assemble evidence supporting the belief that designing, making and 
playing can create new pathways into science, technology, engineering and 
math (SteM), particularly among children. 

 a core argument of Design-Make-Play is that informal learning centers like 
NYSci and emerging communities like the Maker movement contribute 
experience and expertise in transforming education from a passive to a 
participatory pursuit, reflecting the latest research into how we best learn 
SteM subject matter and channel the potential of that knowledge into 
new innovations and entrepreneurship. the goal of the Design-Make-Play 
conference was to arrive at a framework for assessing design, making and 
play as methodologies for reforming and improving SteM education as a 
first step toward meeting the need for a more plentiful and diverse  
SteM workforce. 

 Plenary sessions laid out a framework for approaching design-make-play 
projects, casting these methodologies as central to innovation and filling 
a critical national need to motivate young people to engage more deeply 
in SteM learning. the sessions also began the discussion about how to 
build the research and evidence base that will provide insight and account-
ability into the learning potential of these methodologies. 

NYSCI’s collaborators in  
planning Design-Make-Play 
were Dale Dougherty, founder 
of Make magazine and the 
creator of Maker Faire, and 
Tom Kalil, deputy director of the 
White House Office of Science 
Technology Policy. Dougherty, 
Kalil and NYSCI previously 
collaborated in 2010 on a 
conference that examined the 
guiding principles of the Maker 
movement that could inspire 
improvement in classroom 
STEM education. Since that 
first gathering, the Maker move-
ment has gained even greater 
momentum and prominence 
in the national conversation, 
with media, government and 
industry all beginning to recog-
nize the enormous potential of  
Making as an engine for 
economic, social and educa-
tional change. Design-Make-
Play narrowed the focus from a 
broad consideration of what a 
design-based classroom might 
look like to a presentation of 
more than a dozen examples 
of hands-on projects that can 
be—or are already being—
deployed in both schools and 
informal learning centers such 
as museums, maker shops and 
community-based settings. 
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2    3 the second half of the conference presented 14 hands-on workshops 
showcasing a range of activities that exemplify design-make-play 
approaches to learning and engagement. each conference attendee had 
an opportunity to participate in four workshops and experience different 
aspects of the design-make-play triad. Participants were asked to report 
on how these types of activities could contribute to an enhanced SteM 
learning strategy for our nation’s education system. attendees paid special 
attention to what should be assessed and how this evidence might be 
collected in ways that were true to the spirit of making and creativity. 

 the workshops and conversations of Design-Make-Play, along with a 
series of companion essays currently being written will be compiled in an 
edited volume called Design-Make-Play — Growing the Next Generation of 
STEM Educators to be published by routledge in fall 2012. in addition, a 
web presence is being created where model projects, research and other 
resources will serve as a repository for educators, policymakers, philan-
thropists and others who are committed to improving SteM education 
and the SteM workforce. 

 Plenary sessions

 Margaret Honey, president and CEO of NYSCI: 

 We are on the cusp of a new way forward for STEM education. In our 
workshop sessions, we will experience firsthand the work of a wide range 
of informal and formal educators. Their projects not only contribute to the 
evidence base, but also are directly affecting millions of students, families  
and teachers each year.

 Through Design-Make-Play, we will show that so-called “alternative” 
approaches to STEM are a powerful means to engage kids and foster deeper 
learning. Our hope is that, in addition to the theoretical framework and 
documentation that we will build, there will be a dramatic increase in experi-
mentation and service delivery, and that we will catalyze an active learning 
network of organizations committed to design, making and play. 

 Dale Dougherty, the founder of Make magazine and Maker Faire, is the 
preeminent spokesperson for the power and possibility of making. In his  
introductory remarks he noted: 

 It’s been eight years since we started Maker Faire, and since that time, 
there’s been a renaissance of making. We know that there’s momentum now, 
an opportunity to think about what it means in education and other  
important contexts. Let’s not waste our time.
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 Maker faire, and the entire Make division of o’reilly Media, are the prime 
forces in advancing the Maker movement. the Maker community is distin-
guished by its curiosity and its creativity in finding new ways and tools 

 to navigate our world. Makers hypothesize, tinker, construct, collaborate 
and invent new ideas, products and approaches. 

 according to Dougherty, the potential of making as an agent for change in 
education and innovation resides in the “maker mindset.” referring to the 
work of Stanford University psychologist carol Dweck, Dougherty acknowl-
edged that people with “fixed” mindsets believe that their capacities are 
carved in stone, while those with a “growth” mindset believe that their 
own efforts will increase their abilities. calling the growth mindset “the 
new psychology of success,” Dweck’s research demonstrates that success 
derives from the learning that comes with effort. Dweck’s work resembles 
the work of another prominent psychologist, Lauren resnick from the 
University of Pittsburgh’s Learning research and Development center. 
resnick has found that, “effort actually creates ability . . . [and] people can 
become smart by working hard at the right kinds of learning tasks.”  
(1995, p. 56)  

 Dougherty said he hopes the outcomes of the workshops and discussions 
at Design-Make-Play can yield:  

• A new body of practice and a core of practitioners.

• Physical workspaces in a variety of community contexts.

• Kits and tools that connect informal and formal learning.

• Platforms for collaboration.

• Programs for young people that allow them to take a leading role in creating.

 Tom kalil, deputy director of the white House office of Science 
technology Policy, opened with words from President obama: 

 “I want us all to think about new and creative ways to engage young  
people in science and engineering, whether it’s science festivals, robotics 
competitions, fairs that encourage young people to create and build and 
invent — to be makers of things, not just consumers of things.”  

 (Speech given by President Obama at the National Academies  
of Science, 2009.)

 Kalil went on to ask the audience: 

 To what extent should we use “making” as an end in itself, and to what 
extent should it support other goals? Expanding human knowledge is an end 
in itself, and involving young people in making is core, because it awakens 
curiosity, expression and sharing. Yet there is also a strong case to be made 
for helping more people to lead healthy productive lives, or figuring out how 
to transition to a low carbon economy. Can we feed millions of people in  
an earth that will be warmer? Can we create more jobs for the middle class? 
Making is one of the more powerful tools we have for accomplishing  
these goals.”

 Kalil challenged Design-Make-Play participants to consider whether 
making can be used to reduce dropout rates among high school students 
who are intensely bored, or increase the numbers of young people excited 
by SteM and prepare them for the 21st century workplace. “Making 
broader claims is a key part of inspiring a movement, and establishing the 
evidence base is key to ensuring that our work is credible.” 

 a Framework for Consideration

 for the opening plenary session, eli Silk, a research associate at the  
center for Highly interactive classrooms, curricula and computing in 
education at the University of Michigan, was asked by NYSci to present a 
framework for thinking about the differences and similarities among the 
methodologies of design-make-play. 

 according to Silk, when integrated, the design-make-play triad leads to  
“a collection of well-designed activities, targeting a full spectrum of SteM 
understandings and skills, engaging to the full range of learners.” 
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6    7 Silk’s Definitions of design-make-play:

 Design is a process with a goal—to create a working solution to a problem, 
governed by specifications and constraints. The process involves generating 
multiple solutions, building and testing models, analyzing solutions, and 
improving on those solutions. 

 Making is about building and figuring out how to build, driven by personal 
interest and concerns. It involves getting things to work, with exploratory 
tinkering and manipulating objects beyond their typical use. Open source 
and cheap and common materials encourage hacking and adapting. The 
process of making is not just a means to an end, but has its own value, and 
involves adapting and customizing and sharing with others so they can adapt 
it to their own uses.  

 Play is voluntary and flexible, active and sometimes about make-believe.  
It has no extrinsic goal except to have fun. The process is minimally 
constrained so it is easy to pursue new directions, and there is no external 
judgment so the player can do things that might otherwise be unreasonable.

 The Case for innovation 

 About 70 percent of our economy is based on consumer spending, with little 
manufacturing. The economic crisis came about because people were buying 
things they did not need with money they didn’t have, and threatening the 
environment in the process. If we are going to get out from under, we need  
to innovate. We have to be the country that produces more ideas and  
products that the rest of the world needs, beginning with how to create a 
sustainable planet. 
— Tony Wagner

 in his keynote talk, tony wagner, innovation education fellow at the 
technology and entrepreneurship center at Harvard University, described 
his personal journey to understand the crisis in education, the pace of 
globalization, and what skills matter the most today. 

 from his experiences as a high school teacher, elementary school prin-
cipal, university professor in teacher education, and the founding execu-
tive director of educators for Social responsibility, wagner found that, in 
addition to the qualities of the heart that make us human, there is a set of 
new or transformed skills that he calls the seven survival skills for career, 
continuous learning and citizenship:

1. Critical thinking and problem solving. 

2. Collaboration across networks and leading by influence.  

3. Agility and adaptability.

4. Initiative and entrepreneurialism. 

5. Effective oral and written communication. 

6. Accessing and analyzing information. 

7. Curiosity and imagination. 

 wanting to understand what makes some people highly creative and entre-
preneurial, he spent two years interviewing young people who were innova-
tive across many different paths. He interviewed their parents and teachers, 
along with others who knew them well. what he found was a “stunning 
pattern of similarities.” in every single case, there was a teacher or a mentor 
who was an outlier, who taught in ways radically different from his or her 
peers, and this person was extremely influential in giving these young entre-
preneurs a different lens through which to see and experience the world. 
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8    9 By comparing the culture of education to the culture of innovation,  
wagner arrived at five essential elements of innovation:

1. Individual achievement versus collaboration. It’s a complete myth that  
innovators work alone.

2. Specialization versus multi-disciplinary learning. We compartmentalize 
learning by discipline. The innovative process crosses boundaries.

3. Risk avoidance versus trial and error. Schools are highly risk averse. When 
you make a mistake in school, you fail. Not so in the culture of innovators 
who are encouraged to take risks. Fail early, fail often, or as Olin College of 
Engineering puts it, it’s about iteration. 

4. Consuming versus creating. Learning can be an overwhelmingly passive  
experience. In the best classrooms that produce innovators, students are 
creators, not consumers.

5. Extrinsic versus intrinsic motivation. How do we motivate learning in our 
schools? In the children who were innovators, parents had deep confidence in 
their children’s ability to find their passion. As one of the teacher/mentors put 
it, “Make sure there is whimsy in everything.”  

 wagner concludes that in the lives of these young entrepreneurs there 
is a critical developmental pattern that moves from play, to passion, to 
developing a deeper sense of purpose. engendering what he referred to 
as these innovative habits-of-mind is essential to fostering young people 
who are imaginative, persistent and ultimately entrepreneurial.

 according to wagner, the new generation of “digital natives” is constantly 
connected, creating and multitasking in a multimedia world—everywhere 
except in school. a bad day is when the internet is slow. these young 
people have less respect for authority—they want coaching but only from 
adults who do not talk down to them. they are more accustomed to 
learning from peers. they want to make a difference and do interesting, 
worthwhile work. But we need to help kids understand when multitasking 
isn’t the right way, and how to deepen capacity for sustained engagement.

 “what are the implications for reinvention, for graduating all students 
so they are innovation-ready?” wagner asked in conclusion. it means 
moving from a consumption-driven, information-based learning system 
(what you know), with a focus on timeless learning (academic content 
that has persisted over time), to a creation-driven, transformation-based 
learning system (what you can do with what you know), with a focus on 
using challenging academic content to master the competencies of 

 just-in-time learning.

 Kalil responded: “where do you think the levers are to move in this  
direction and how do we address the interest of people in accountability?” 

 “we have to move to accountability 2.0,” said wagner. “we have to reach 
out to the business world and forge a new kind of consensus about our 
assessments. right now what gets tested is what gets taught, and multiple 
choice tells us nothing about what’s needed.” we need to replace the 
current system with one in which every student should have a digital port-
folio that shows students’ progressive mastery of skills over time. 

 experiencing Design-Make-Play

 conference organizers selected 14 workshops through a juried competi-
tion to showcase a range of design-make-play activities from groups and 
organizations throughout North america. 

 the workshops engaged participants in a variety of challenges and explora-
tions, including building robots, vibrocrafts, hydraulics, wooden cars and 
bobsleds; creating things by mixing pigments, drawing with computers, 
producing 3D objects through computer programs, and making buttons 
with computer-aided design; and collaborative problem solving involving 
a scientific mystery with clues sprinkled around the museum, and a chal-
lenge that used just a rope and some cards to obtain surprising results. 
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Design, Make, Play — Growing the Next 
Generation of Science innovators
January 13 – 14, 2012

New York Hall of Science
Queens, NY
nysci.org

Workshop #1
Build a Robot from Scratch

Participants took apart an electric fan and 
built “vibrobots” made of found objects (wire, 
mint tin, batteries and fan motor). they also 
decorated the robots and had them meet and 
greet in the “robot arena”. 

Presenters: David vanesselstyn and Jenny 
Young, co-founders, Brooklyn robot foundry, 
Brooklyn, N.Y.

Brooklyn Robot Foundry creates environments 
where kids, moms, dads and others can share 
in “the fun of the Build.” currently they run 
“pop-up foundries” and are working towards 
opening a dedicated store-front workshop.
brooklynrobotfoundry.com

Workshop #2
Build, Test and Take Home a Vibrocraft 

workshop participants became involved with 
an artful experiment that is part of the english 
scientist Neil Downie’s collection of exciting 
classical science and engineering experiments 
(offered to college and secondary school 
students and now adapted for novice experi-
menters – 9-year-olds). they experienced how 
the vibrocraft has evolved through a dozen 
iterations, each refined by every hand that 
touched it to make construction easier, experi-
ment more open, and play a pleasure.

Presenters: wm Brown, director and Sally Hill, 
associate director and principal designer,  
eli whitney Museum, Hamden, conn.

Hacking neil Downie is a program of the 
eli whitney Museum where projects engage 
senses and skills that complement classroom 
and community learning. forty-two thousand 
projects that relate to science, engineering, 
math, social studies, art, literacy and tech-
nology are made in classrooms and afterschool 
programs that serve the curricula. the vaca-
tion, holiday and weekend workshops comprise 
another 35,000 projects.
eliwhitney.org

Workshop #3
Make a Pop-up Card Lit by LEDs

attendees experienced sewing tech, e-textiles and 
wearable electronics while working on making a 
creative pop-up card with light-up LeDs.

Presenter: Marie Bjerde, founder, e-Mergents, 
LLc, Portland, ore.

Portland young Makers Club is a chapter of 
the Young Makers’ club that supports young 
people ages 8-12 in creating ambitious  
projects to share at events such as Maker 
faire. the group focuses on high tech/low 
tech projects such as e-textiles and wear-
able electronics (sewing circuits and creating 
circuits on paper).
e-mergents.com

Workshop #4
Pigments of Your Imagination

Participants mixed egg yolks, oils, soap and 
water with tempera powders, sands and soils 
to make paints. then they tested them by 
creating a painting.

Presenter: elena Baca, educator, explora,  
albuquerque, N.M.

Pigments is an ongoing museum program 
at explora offered as a preregistered, one-
hour exploration for 3rd grade – adults and 
for home school, camp and native elders 
outreach programs. Participants question 
their preconceived notions of what paint is 
and how it is made. this applied chemistry/
art experience uses familiar materials in a new 
way, testing and observing how they interact 
with each other, mix or don’t mix, resist or 
blend and explore color. 
explora.us

Workshop #5 
IDEA Cooperative Challenge

workshop attendees worked together as a 
group on a top-secret design challenge using 
simple materials and no tools. they also 
experienced an activity that is used in the Kitty 
andersen Youth Science center as an intro-
duction to the design process. the challenge 
was followed by a discussion of the design 
process in informal and formal settings.

Presenter: Dan Haeg, Program Manager, 
Science Museum of Minnesota, St. Paul, Minn.

the NSf-funded iDea Cooperative (invention, 
Design, engineering, and art) program 
engaged underrepresented populations in 
informal invention, design, engineering, and 
art activities. the program ran from 2008 – 
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12    132011 with over 130 middle school and high 
school youth through a partnership between 
St. Paul Public Schools, St. Paul college and 
the Science Museum of Minnesota.
smm.org/ideacoop/

Workshop #6 
LEGO Engineering:  
Thinking with your Hands

workshop participants teamed up to build a 
simple LeGo bot to solve a simple task. in doing 
so, there were many opportunities to discuss 
math, science and engineering with fellow 
participants. they also listened to some of the 
solutions from children around the world.

Presenter: chris rogers, Department of 
engineering education and outreach, tufts 
University, Medford, Mass.

legO engineering is a program designed to 
be part of the school day that is all about rapid 
prototyping with plastic bricks. over its 14-year 
history, LeGo Mindstorms has helped millions 
of students engineer long before entering 
college. in particular, participants build robots 
to demonstrate creativity and innovation and 
demonstrate how in an engineering class, the 
ultimate goal is a diverse set of solutions, rather 
than the answer in the back of the book.
tufts.edu/~crogers/

Workshop #7
Craft Technology: Polyhedral Modeling with 
JavaGami

attendees created mathematical models in 
paper using the JavaGami system that illus-
trates ways in which computers can lend new 
expressive dimensions to traditional math-
ematical papercrafting. they were introduced 
to JavaGami software to make their models. 
Discussion included exciting developments 
in combining computation, new construction 
materials, and mathematical crafts.

Presenters: Mike eisenberg and ann eisenberg, 
Boulder college of engineering and applied 
Sciences, Boulder, colo.

The Craft Technology lab focuses on the design 
of expressive, constructive activities for mathe-
matics and science education. it brings together 
the best features of traditional children’s crafts 
and the affordances of new technologies. the 
program explores new software applications that 
enable children to build tangible objects, ways 
of embedding computers within the materials of 
children’s crafts, and experiments with new fabri-
cation tools, sensors, and display technologies.
13d.cs.colorado.edu/~ctg/

Workshop #8
Click! Agent Training @NYSCI

Participants gathered data and collected clues 
in the museum’s exhibition spaces. they were 
trained to be resourceful and rely on their 
team’s skills. 

Presenters: Heather Mallak, emerging tech-
nology manager; Nina Barbuto, weekend 
programs manager; and Sandin Seguin, 
scientist in residence, Girls, Math & Science 
Partnership (GMSP), carnegie Science center, 
Pittsburgh, Pa.

Click! spy school Workshop is a program of 
Girls, Math & Science Partnership (GMSP). 
click! engages girls, ages 10 -14, to solve 
mysteries and complete covert missions using 
important science concepts, tactile-based 
inquiry and problem solving skills as agents-
in-training. teen girls explore careers in SteM 
through new media, hands-on experiments, 
and interactions with professional mentors 
from esteemed companies and universities. 
clickspyschool.org

Workshop #9
Build a Small Wooden Car

workshop attendees built a car as a K-3 student 
would to explore and illustrate the challenge 
educators face when using “hands-on learning” 
in a classroom setting. Discussions included 
age appropriate variations of the project, SteM 
applications, teachable features, experiences 
with inclusion, special education classes and 
how projects are integrated by into the reading, 
math and art curriculum. 

Presenter: Deb winsor, owner, 
constructionKids, inc. ‘kids using real tools to 
build cool stuff’, Brooklyn, N.Y.

Constructionkids teaches building skills 
to children, parents and educators. a wide 
range of projects and programs are offered to 
schools for classroom installations (build a 
house, wigwam or bridge) or individual take-
home projects (build a car, a puppet or a skel-
eton). it’s about “making” and an integrated 
K-4 science/math curriculum. 
constructionkids.com

Workshop #10
Making the Future/ Young Makers

Participants designed and printed 3-D objects 
using tinkercaD and 3-D tin, which are 
simple, web-based modeling tools that allow 
beginners to immediately make objects without 
needing background knowledge in caD 
(computer aided Design). 

Presenter: Jon Santiago, co-founder and 
managing director, HtiNK, Brooklyn, N.Y.

HTink’s young Maker programs is a New 
York city in-school fab Lab experience where 
students learn about design and tinkering and 
focus on 3-D printing. they use hand tools 
plus learn about how the physical world inter-
acts with the virtual world through electronics 
and physical computing. HtiNK is a partner 
on cognizant’s Making the future initiative to 
create MakerSpaces and Maker programs. 
htink.org

Workshop #11
Engineering Design Challenge: Hydraulics

workshop participants engaged in a repre-
sentative in-museum engineering challenge 
to design, build and test a working hydraulic 
system that will lift a weight, operate a crane, 
or move a dentist chair.  

Presenter: Monica Mayer, science educa-
tion specialist, Lawrence Hall of Science, Uc 
Berkeley, calif.

the INGENUITY LAB is a museum program 
where visitors of all ages solve real world 
engineering design challenges. visitors work 
with engineering students to brainstorm 
ideas, build a prototype, and test their design 
as they work to find a creative solution to 
everyday engineering challenges. “ingenuity in 
action” is a floor exhibit based on three of the 
ingenuity Lab’s most successful challenges 
(includes hydraulics). 
lawrencehallofscience.org

Workshop #12
Design Challenges: Miniature Bobsled

attendees used the engineering design 
process to create technologies that solve 
problems as per the in-class K-5 eie curric-
ulum, and museum-based activities. they 
designed, built, tested and redesigned a 
miniature bobsled using very simple mate-
rials. they also compared and contrasted the 
different goals and criteria for developing 
activities for a formal classroom vs. an 
informal museum education space.

Presenters: Melissa Higgins, program 
manager curriculum development eie; Lydia 
Beall, design challenges program manager and 
tricia DeGiulio education associate, Design 
challenges, Museum of Science, Boston, Mass.
Design Challenges is a museum program 
designed to introduce students (K-6) and 
visitors to the engineering design cycle. 
Participants design, build and test a prototype 

solution to a given problem in a very short  
iteration time (20-minute design experience). 
the program, developed in 2003, has served 
over 265,000 museum visitors. activities 
are mapped to state and national science/
engineering standards and educator resource 
guides are available on the website. 
mos.org/eie/

Workshop #13
Write Your Code/Draw Your Artwork

workshop attendees learned simple program-
ming commands in order to control a Super 
cricket microprocessor. the Super cricket 
will drive a small car with a pen attached. the 
codes created allowed the attendees to draw a 
variety of patterns with their cars.

Presenters: Diana coluntino, artistic director 
and adam Norton, artist educator, the 
revolving Museum, Lowell, Mass.; Sarah 
Kuhn, professor, Department of Psychology, 
University of Massachusetts, Lowell, Mass.

artbotics is an interdisciplinary class for high 
school students, college students and educa-
tors. Participants learn founding principles of 
art, computer science and engineering, and 
use interactive robotic components to build 
and program kinetic sculptures.
artbotics.org

Workshop #14
Take It Apart

workshop participants took apart electronics 
to get a hands-on experience of how this 
potentially dangerous activity can be facili-
tated in a way that’s safe and sustainable.

Presenters: Dana Schloss and Katherine Ziff, 
exhibit developers, telus SParK, calgary, 
alberta, canada 

Open studio is designed to use hands-on 
making experiences to inspire creativity, 
problem solving and collaboration. the 
exhibition is open to school groups and the 
general public whenever the science centre 
is open. its activities are based on extensive 
testing conducted at the previous science 
centre and in the community.  
sparkscience.ca/explore/open-studio 



New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org  New York Hall of Science • 47-01 111th Street • Queens, NY 11368 • 718-699-0005 • www.nysci.org    

14    15 Promoting and assessing engagement, Persistence and innovation

 Day two of Design-Make-Play focused on assessment — how to bring a 
research perspective into the discussion of a re-imagined SteM  
education framework. 

 Kevin crowley, director of the center for Learning in out-of-School 
environments at the University of Pittsburgh gave the keynote: 

 Assuming that one outcome is engagement and persistence in STEM, the 
STEM pipeline is leaking badly. Pipelines are about pressure and constriction, 
but we really don’t know much about the junctures or the dynamics along 
the way. And we need a better sense of what the workforce needs to look 
like. Those are the levers that policymakers have to work with.

 In 2001, there were a bit more than 4 million 9th graders. Four years later, 
2.8 mllion of them graduated and 1.9 million went on to two- or four-year 
college; only 1.3 million were actually ready for college work. Fewer than 
300,000 are majoring in STEM fields and only about 167,000 are expected 
to be STEM college graduates by 2011. As of May 2010, the size of the STEM 
workforce was just 2.44 percent of the total U.S. employed. The effect on 
innovation has global consequences. Fewer than 15 percent of U.S. under-
graduates received their degrees in science or engineering compared with 50 
percent in China and 67 percent in Singapore, and in 2009, 51 percent of 
U.S. patents were awarded to non-U.S. companies. 

STEM Pipeline — Leaking Badly 
In 2001, there were a bit more than 4 million 9th graders.
Four years later, 2.8 million of them graduated and 1.9 million 
went on to two-or four-year college; only 1.3 million were 
actually ready for college work. Fewer than 300,000 are 
majoring in STEM fields and only about 167,000 are expected 
to be STEM college graduates by 2011.

4,012,770 
9th Graders 

2001

2,799,250
High School Grads

2005
1,861,501 

College Plans 
Fall 2005

1,303,050 
College Ready 

Fall 2005

277,550 
Majoring 
in STEM

Source: NCES Digest of Education Statistics; Science & Engineering Indicators 2006

High School
Class 2005

166,530 
STEM Graduates 

by 2011
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16    17 But what about the 98 percent who don’t go into SteM? “all those careers 
in humanities!” crowley quipped. “what are the things that are valued that 
do not get into the pipeline? we need to think about science literacy for the 
other 98 percent.” 

 Dale Dougherty added that one outcome of making is that you can be 
someone who can participate in a world shaped by technology, as agents 
who can change the world, stating: “we need to think about science 
literacy in these personal ways.” 

 crowley continued: 

 In kindergarten, children spend 9.25 percent of their time in school. In grades 
one through twelve, 18.5 percent. Undergraduates spend 7.7 percent of their 
time in school, and 5.1 percent as graduate students. Lifelong and life-wide 
learning presents multiple opportunities for engaging with STEM. We need to 
think about the totality of experiences. 

 If instead of “pipeline” we talk about “pathways,” and through this lens we 
can begin to examine how experiences accumulate to build science learning 
activation. While we have some knowledge of high school paths because of 
longitudinal data from the National Educational Longitudinal Study of 1988, 
there are no comparable data for elementary and middle schools. 

 How this activation might happen is the subject of a two-year research 
study, funded by the Gordon and Betty Moore foundation, which involves 
a collaboration among researchers at the University of Pittsburgh (Kevin 
crowley and chris Schunn), Sri international (Patrick Shields) and the 
Lawrence Hall of Science (rena Dorph). Science learning activation is “a 
state composed of dispositions, skills and knowledge that enables success 
in science learning experiences.” these experiences are “proximal”—they 
predict the next moment and they build momentum.  

 crowly believes that, “activation is the thing that makes you better. if you 
are activated, you choose, you engage, and you learn,” which is very much 
like the growth mindset described in carol Dweck’s research. 

 a key finding from crowley’s research is about passion; five categories 
have emerged: 

1. Passion for knowledge. For the prototypical eight-year old who loves dinosaurs 
and knows a great deal about extinction and evolution, it may be the first time 
they understand that knowledge is a source of power.  

2. Passion for precision: math and problem solving. That there could be one right 
answer or that some answers are better than others is compelling for some people. 

3. Passion for pipelines. There are people who want to be better. They specialized 
in physics because there was a competition and they got to be the smartest kid.

4. Passion for nature. There were a number of farm-raised kids in the sample and 
they talked about their experiences with the natural world and their dismay at 
how disconnected from nature we are. 

5. Passion for making. These are the people who love to take things apart, they 
are the inventors, the creatives, the testers and the builders. 

 in crowley’s research, the roots of passion for the makers came from 
a range of sources that include family osmosis—fathers, grandfathers, 
uncles, informal experiences, with most pointing to the role of museums, 
teachers who took an interest, and supplemental programs, particularly 
opportunities to systematically engage with others kids with the same 
interests. they were self-motivated, with a can-do attitude. even the people 
who were actively mentored and had a lot of help had developed the 
capacity to look for opportunities. 

 Sarah Kuhn of University of Massachusetts at Lowell, whose work in fiber 
arts has led into pathways for materials science, computing, chemistry 
and biology, said: “Part of our job is to see the SteM in the ‘making’ that 
is already happening, particularly among women.” crowley concurred, but 
acknowledged, “it’s tricky. it’s obviously true that there is tons of science in 
lots of making. the point is that you have to make those connections, and 
those are pathways that have to be facilitated.” 
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18    19 Challenges and Opportunities — goals, Outcomes, Measures

 Based on listening to the plenary speakers and their hands-on experi-
ences in the workshops, Design-Make-Play participants reflected on 
what they had done the last two days and on the depth and breadth 
of their own work to talk about goals, outcomes and measures. these 
reflections were shared among the full conference in a final plenary. 

 three key conclusions emerged:

 Design-Make-Play are motivational methodologies and hold great 
potential to improve learning and engagement. These methodologies 
foster self-efficacy and drive, and they put collaboration at the center of the 
learning experience. Designers and makers learn from each other, build upon 
one another’s ideas, and in many cases actively appropriate and modify code 
and techniques that others have created. In this respect they are methodolo-
gies that support what Crowley says about the importance of persistence  
and passion in science learning, and they are generative of the kinds of 
habits of mind that are core to Wagner’s innovators. The challenge is how 

 to effectively integrate design, making and play more broadly into formal 
education institutions.

 The emphasis on testing and accountability within the k-12 education 
system is often at odds with design-make-play learning methodologies. 
High stakes testing in narrowly defined subject areas has not only crowded 
science out of the curriculum, but left little room for creative and innova-
tive practices. As a result, design, making and play are thriving in informal 
settings—science centers, hacker spaces, libraries and fab labs. And while 
there are “alternative” school models, most notably the Big Picture Schools, 
they are exceptions, not the norm. But without a genuine sea change in 
testing policies and accountability mandates, the potential of the design-
make-play triad as an engine for innovation within formal education settings 
is likely to remain untapped. 

 a system of assessment and documentation, which is capable of 
capturing the richness of design-make-play processes, must be devel-
oped if such experiences are to become a widely embraced approach 
to sTeM learning, particularly within schools. Design, making, and play 
embody approaches to learning where the process is as important to the 
product. What students learn as they create is as important as the final 
product. Rather than documenting learning after the fact, creating the tools 
and strategies that enable us to capture the learning that happens through 
the process of creating is key to building an effective system for assessment 
and documentation. 
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20    21 Delving deeper into the subject of assessment, participants were asked to 
reflect on the following question: if these design-make-play experiences 
are a key to unlocking the potential of the next generation of SteM inno-
vators, what are the key learning goals? the responses broke down to the 
following categories:

1. Curiosity, engagement and motivation. The pursuit of a passion, an intrinsic 
reason for participating, taking initiative, overcoming barriers, persisting, 
looking for problems to address, seeking opportunities and being resourceful.

2. Creativity. The capacity to expect a diversity of solutions, acquiring a vocabu-
lary for innovative thinking and innovative doing, thinking in divergent ways, 
going beyond the directions, improvising.

3. Relevance. Redefining science and engineering so that science is everywhere 
and helping students to recognize that their personal passions fit into a larger 
framework, is key to building a science identity and persistence in learning.

4. Collaboration, communication and community. Learning from and with 
others, feeling a sense of belonging, building off other people’s ideas, sharing 
results and sharing results beyond what they made, believing that everyone  
on the team has something to contribute, tapping networks and joining a 
community of practice. 

5. skills and knowledge. Skills in tools and technology, materials literacy, coop-
eration and collaboration, communication, entrepreneurship and knowledge 
of content that transcends disciplinary lines and encourages interdisciplinary 
learning. 

6. Meta-cognitive learning strategies. Putting the power of learning within the 
kids’ hands, ability to self-assess and teach yourself, making the results of your 
thinking visible, transferring knowledge and skills to other situations.

7. agency and efficacy. Taking pride in ownership, being comfortable with being 
uncomfortable, willing to fail, having confidence in your capacity to figure 
things out, becoming a connoisseur. 

 next steps

 Design-Make-Play ultimately is about a different kind of pathway into 
SteM that aligns well with the new science framework (A Framework for 
K-12 Science Education: Practices, Crosscutting Concepts, and Core Ideas, 
2012). the ability to define problems, to experiment, and iterate is key to 
the kinds of engineering and innovation practices that are listed in the new 
framework. SteM literacy is achieved through engaging students’ curi-
osity, nurturing their creativity, and incorporating open-ended design chal-
lenges that allow students to create, build and modify their own projects. 
Unlike traditional science projects, where learners perform hands-on activi-
ties with the goal of illustrating scientific principles, projects in the spirit 
of design-make-play enable learners to creatively apply SteM concepts to 
reach the goal of generating their own inventions. the framework for K-12 
Science education echoes this upending of the traditional emphasis on 
learning science for science’s sake: “technologies result when engineers 
apply their understanding of the natural world ... this is not to say that 
science necessarily precedes technology; throughout history, advances in 
scientific understanding very often have been driven by engineers’ ques-
tions as they work to design new or improved machines or systems.” 
Design-Make-Play subscribes to this reciprocal relationship, where the 
desire to create drives curiosity in SteM, and where a deeper grounding in 
SteM supports further innovation. 
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22    23

 as the conference wrapped up, participants reflected on next steps.  
a number of key ideas surfaced, all of which are being pursued by the 
attendees. 

• Reinventing vocational education. A promising point of leverage in the formal 
education environment is to reinvent career technical education through the 
lens of making. 

• Developing entrepreneurship programs for young people, to tap into and reward 
their creativity.

• Building a national network of maker programs.

• Catalyzing design-make-play experiences in formal and informal settings, from 
design-based activities on the floor of science museums to community maker 
programs to adoption by schools.

• Crafting and coordinating high value experiments that establish the learning 
and motivational efficacy of design-make-play methodologies.

• Establishing collaborations of researchers and program developers on design 
principles, outcomes, indicators and measures.

 all participants agreed that this kind of work needs to be distributed across 
settings and contexts. Moving from the learner to the instructor, we need 
to experiment and iterate, to figure out creative ways to measure and 
document if and how students are increasing their knowledge base and 
moving to new understandings, to develop and support educators and 
teachers who are eager to embrace these methodologies, and help them 
embrace new techniques for assessing the potential of design-make-play 
for learning. 
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