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Abstract 

Technological Doodling as a Learning and Design Practice 

Brent Ritchie Dixon, M.F.A. 

The University of Texas at Austin, 2015 

Supervisor:  Carma Gorman 

The work documented in this report is an outgrowth of hands-on, educational 

science, technology, and art workshops I have run with and for children over the past two 

years. Blending low-cost, upcycled materials with emerging technology, these workshops 

encourage kids to tinker, invent, make messes, and explore. In schools, therapy centers, 

hacker spaces, and hospitals, I’ve learned about the developmental power of curious, 

happy hands. In these moments I’ve observed children “doodling” with technology just 

like we might with pencil and paper. 

In this report, I argue that this kind of doodling is a necessary form of practice for 

designers who work in an era of rapid technological change. The projects presented at the 

end of this report are my own technological doodles. They are investigative, playful, and 

rough around the edges. I consider this report, like the projects it describes, a thoughtful 

and imperfect beginning. 
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Figure 0: If your hands become restless while reading this paper, please use this space to 
draw a setting, poke your fingers through the holes above, and have yourself 
a little puppet show.
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INTRODUCTION 

On a winter road trip through West Texas, my girlfriend, Lilia, and I shared 

stories from childhood. I told her about the time I set my bed on fire with a science 

experiment and she told me about singing Beatles songs over homemade musical 

instruments. We reminisced over the freedom of those moments. Then Lilia set her drink 

in the cup holder, turned down the radio, and articulated something that stuck with me: 

“When I was a baby, you know, still in the womb…I was developing all of my 
senses. 

And when I was out it was the first time I fully sensed the world. We develop 
physical senses, but we also develop emotional senses. The two are impossible to 
untangle. 

We come into the world and the lines are blurry because we haven’t learned how 
to define boundaries yet. We don’t even know what boundaries are. Everything 
bleeds into everything else. It’s all one boundless experience. 

And we feel so much. When I was a little girl I’d cry and it would knock me over. 
I’d laugh and practically choke myself. 

But I grew. And as I grew, I learned to filter. I had to filter all that overwhelming 
sensory input. I learned to winnow that kaleidoscope of experience into things 
that were ‘necessary’ and ‘functional.’ I filtered down to the things that helped me 
survive. 

The problem is, no one ever told me to stop filtering. So I kept layering more and 
more on top of myself until I was in a box of personality that I believed myself to 
be locked in.  

And this is what it meant for me to become an individual: defined, safe, and self-
edited.” 

We drove for a while in a sort of resonant silence. I took a sip from my coffee. 

“But I want to go back,” she said, and rolled down the car window to let in the 
roar. 

“One time I ate a bug to see what it tasted like. I planned an underground 
clubhouse for my friends and spent an afternoon gutting out our backyard with a 
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shovel to get it ready.  I used to ask strangers for their names just because I 
wanted to know if their voice, face, and name would match. 

I want to go back to the place when I looked deeply, created with total abandon, 
and allowed myself to see and play with all of it.” 

I want that too. 

The editing process Lilia described is how we cultivate our self-schema1, the 

framework that develops through our childhood and into adulthood. We use it to define 

and consider ourselves in the world. This schema is helpful, but also limiting. As we 

define our roles, our capabilities, and ourselves we also create limitations.  Swiss 

developmental psychologist and philosopher Jean Piaget tells us that if something falls 

outside of our schema, it is unlikely "to be integrated into the system of conscious 

concepts, is eliminated...(and) repressed from conscious territory before it has penetrated 

there in any conceptual form."2 In other words, if a new concept doesn’t fit within the 

“box of personality” that Lilia described, we lose it. 

Seymour Papert makes the point that our existing educational structure doesn’t 

help. If you’ve gone through public American school in the twenty-first century, you’ve 

likely experienced what Papert calls the “schizophrenic split between ‘humanities’ and 

‘science.’”3  

A stable self-schema made sense for people in the past. From the eighteenth 

through twentieth centuries, people in most parts of the globe lived in a time of relatively 

                                                
1 Ramírez-Esparza, Nairán, Cindy K. Chung, Gisela Sierra-Otero, and James W. Pennebaker. “Cross-
Cultural Constructions of Self-Schemas Americans and Mexicans.” Journal of Cross-Cultural Psychology 
43, no. 2 (February 1, 2012): 233–50. doi:10.1177/0022022110385231. 
 
2 Cited by:   Keller, Evelyn Fox. “Cognitive Repression in Contemporary Physics.” American Journal of 
Physics 47, no. 8 (August 1, 1979): 718–21. doi:10.1119/1.11911.   
 
3 Papert, Seymour A. Mindstorms: Children, Computers, And Powerful Ideas. 2 edition. New York: Basic 
Books, 1993. 
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stable technological growth and predictable change. Advances happened in the form of 

quick upward progress followed by a 40 to 50-year period of maturity and slowed 

growth. The stability meant hard skills had a longer half-life than they do today. Any 

given hard skill could likely support you for a full career of meaningful work.4 

In the twenty-first century, that stability changed. Digital technology progressed 

exponentially, and cultural and social change followed.5 The stability of previous eras 

dissolved, and even the most advanced technical skills are now redundant after just a few 

years.6 We all need to get better at playing around and remaking our self-schemas. 

Designers, in particular, need to learn to be as responsive as the designs we’ve learned to 

create.7 I argue that in order to avoid becoming obsolete, contemporary designers must do 

two things: 1) expand their notion of “the prototype,” and 2) learn to doodle with 

technology. 

EXPANDING THE FUNCTION OF THE PROTOTYPE 

There’s a new type of technological fluency that goes beyond the mastery of 

specific hard skills such as learning how to program in CSS or using production software. 

Instead, it rests in the ability to manipulate and create tangible prototypes using tools, 

media, and methods that might lie in unfamiliar or uncharted territory.  

Under these new conditions, prototypes function differently than they have in 

traditional design practices. A prototype's job used to be to help us understand more 

                                                
4 Learning in and for the 21st Century. CJ Koh Professional Lecture Series, November 2012. 
 
5 “The Law of Accelerating Returns | KurzweilAI.” Accessed March 20, 2015. 
http://www.kurzweilai.net/the-law-of-accelerating-returns. 
 
6 Andrew McAfee. “The Great Decoupling of the US Economy.” Andrew McAfee’s Blog. Accessed May 
4, 2015. http://andrewmcafee.org/2012/12/the-great-decoupling-of-the-us-economy/. 
 
7 Learn more about responsive design at http://alistapart.com/topic/responsive-design 
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about user experience or the physical limitations of a design. This assumes the designer 

has defined the problem correctly. Donald Schön points out in The Reflective Practitioner 

that this not always the case: 

“With the emphasis on problem solving, we ignore problem setting, the process 
by which we define the decision to be made, the ends to be achieved, the means 
which may be chosen. In real-world practice, problems do not present themselves 
to the practitioner as givens. They must be constructed from the materials of 
problematic situations which are puzzling, troubling, and uncertain. ”8 

When used in this new era of rapid technological change, prototypes can serve as 

conversation pieces that help us interrogate new technologies by embodying complex and 

abstract concepts in tangible and concrete forms, allowing us to ask better questions of 

them. In that sense, this new view of the prototype is similar to the phenomenon that Matt 

Ratto calls critical making, which uses "material forms of engagement with technologies 

to supplement and extend critical reflection and, in doing so, to reconnect our lived 

experiences with technologies to social and conceptual critique.”9  

The difference is that technological doodling is quicker, dirtier, and often has a 

less obvious goal than traditional prototyping.  

LEARNING TO DOODLE WITH TECHNOLOGY 

The practice I’m calling “technological doodling” encompasses a range of 

practices such as hacking10, tinkering, and remixing.  

                                                
8 Schon, Donald A. The Reflective Practitioner: How Professionals Think In Action. 1 edition. New York: 
Basic Books, 1984. 
 
9 Ratto, Matt. “Critical Making: Conceptual and Material Studies in Technology and Social Life.” The 
Information Society 27, no. 4 (July 1, 2011): 252–60. doi:10.1080/01972243.2011.583819. 
 
10 I’m using “hacking” here to mean making use of something that is different from its originally intended 
use (as opposed to the kind of hacking that involves criminal activity online). 
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Technological doodling, in the sense I mean it, was not possible until recently. 

Three recent overlapping trends make it possible: 

• Communities of practice, augmented by the social networks, allow 

beginners to find support and expertise from others who share their 

passions and questions.11 

• Participatory and remix culture12 gives birth to amateur tutorial 

videos13, step-by-step tutorials14, and hackable sets of code15 so no 

beginner has to start with a blank slate. 

• A new class of electronic prototyping tools such as Arduino16, 

littleBits17, and Makey Makey18 –reduces the level of expertise required to 

tinker and prototype with electronics. 

                                                
11 Lave, Jean, and Etienne Wenger. Situated Learning: Legitimate Peripheral Participation. Cambridge 
University Press, 1991. 
 
12 Lessig, Lawrence. Remix: Making Art and Commerce Thrive in the Hybrid Economy. New York: 
Penguin Books, 2009. 
 
13 It’s often a Sisyphean task to try to distinguish between “amateur” and “professional.” Here, I mean 
simply people who aren’t getting paid to create and distribute the videos. 
 
14 Instructables.com hosts over 100,000 step-by-step instructions to do-it-yourself projects. 
 
15 GitHub.com hosts millions of open source code repositories. 
 
16 “Arduino is a tool for making computers that can sense and control more of the physical world than 
your desktop computer. It's an open-source physical computing platform based on a simple microcontroller 
board, and a development environment for writing software for the board.” From “Arduino – 
Introduction.” Accessed March 2, 2015. http://www.arduino.cc/en/guide/introduction. 
Little 
 
17 “LittleBits are small, open source, modular electronics components that snap together to form larger 
circuits.” From: “How to Get Started DIYing Anything with LittleBits.” Accessed May 1, 2015. 
http://lifehacker.com/how-to-get-started-diying-anything-with-littlebits-1617311793. 
 
18 A Makey Makey is a microcontroller that turns any object that conducts electricity (for example: fruit, 
or Play-Doh, or a even person) into a keyboard key, controller, or button. 
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Doodling is immediate and responsive. When you slide a crayon over a page, the 

page is marked.  When you push clay, it moves. The same can be said about many 

emerging technologies. 

In the report “Epistemological Pluralism,” Papert and Sherry Turkle talk about 

“bricolage” as a method of experimenting and problem solving with technology. In 

contrast to the analytical method of problem solving, bricolage involves sense-and-

response, testing, and playing. "The bricoleur resembles the painter who stands back 

between brushstrokes,” says Turkle, “looks at the canvas, and only after this 

contemplation, decides what to do next."19 This method of creating with technology is in 

constant dialogue with the medium. It’s how my grandma used to cook: a sprinkle of this, 

a dash of that, stick your finger in the pot, taste what you got, and proceed from there.  

As I describe in the projects below, technological doodling—which employs the 

bricoleur’s method within communities of practice, as part of participatory/remix culture, 

and with a new class of electronic prototyping tools—allows a designer to create with 

technologies and tools that are beyond their realm of expertise. 

The practice of doodling allows us to explore and create in ambiguous, foreign, 

and sometimes uncomfortable territories. If technology continues at the expected pace, 

eventually there is likely to be a future moment where the new and uncomfortable 

territories will outweigh the familiar. Doodling will help us to act and explore these 

unfamiliar territories. 
  

                                                
19 Turkle, Sherry, and Seymour Papert. “Epistemological Pluralism: Styles and Voices within the 
Computer Culture.” Signs 16, no. 1 (October 1, 1990): 128–57. 
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The Semantics of Doodling 

There are active debates20 about the difference between “doodling” and 

“sketching.” “Tinkering” is also widely used21 to discuss many of the methods I will 

describe. For the purposes of this paper, I will use “doodle” because: 

1. A doodle is open to many types of forms: a doodle can be an image, text, a 

piece of music22, a machine23, or any other created form. 

2. A doodle can fall anywhere along a spectrum of intention: One might 

create a doodle absent-mindedly or with an objective in mind. 

3. A doodle is inherently imperfect and incomplete. 

4. “Doodle” can be both a verb and a noun, which, in contrast to the word 

“tinkering,” gives us language to discuss the physical results of the act (i.e. 

the doodle). 

5. “Doodle” is more fun to say. 

 

 

 
  

                                                
20 “Difference between Drawing, Sketching and Doodling?” Accessed April 22, 2015. 
https://answers.yahoo.com/question/index?qid=20120604041613AA1roc0. 
 
21 Gabrielson, Curt. Tinkering. Sebastopol, CA: Maker Media, 2013. 
 
22 Alexander, Casey, Zeus Cervas, and Eban Schletter. Musical Doodle. Spongebob Squarepants. © 2010 
by United Plankton Pictures. MP3. 
 
23 “Makers Workshop: Doodling with Axles — Tinkering School.” Accessed April 21, 2015. 
http://www.tinkeringschool.com/after-school-blog/blog/2014/1/16/makers-workshop-doodling. 
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FIELD RESEARCH 

For the last couple of years, I’ve been observing therapy sessions and organizing 

pop-up, hands-on S.T.E.A.M. workshops24 with kids.  

These workshops are themselves a form of rapid prototyping, designed to help me 

learn about tinkering as a learning tool by watching the kids who are naturals at it and the 

teachers who are interested in bringing it into their classrooms.  

 

Music Therapy Observations 

I was curious how hands-on, expressive, playful activities might be used for 

learning in a variety of contexts. This led me to Rachel See, a music therapist who works 

with children on the Autism spectrum. See’s work is fascinating and moving. She maps 

developmental goals such as verbal communication, memory and sequencing, joint 

attention, and requesting onto musical elements such as rhythm, melody, harmony, 

volume dynamics, and song structure.25  

For example, music can be used in collaboration with speech pathology to 

develop communication skills.26 In one session I observed See as she worked with a 

young, nonverbal boy to help him develop speech capacity. While the boy would not 

                                                
24 The acronym S.T.E.A.M. stands for Science, Technology, Engineering, Art and Design, and 
Mathematics. This is an expansion of the more widely used but more limited acronym S.T.E.M, and is 
based on the belief that the integrated art and design are critical components of hands-on learning. 
 
25 Berger, Dorita S. Music Therapy, Sensory Integration and the Autistic Child. 1 edition. London; 
Philadelphia: Routledge, 2002. 
 
26 Leung, Maggie. “A Collaboration Between Music Therapy and Speech Pathology in a Paediatric 
Rehabilitation Setting.” Voices: A World Forum for Music Therapy 8, no. 3 (November 1, 2008). 
doi:10.15845/voices.v8i3.417. 
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speak, he would sing. He sang through about eight verses of the children’s song “Brown 

Bear.”  

“Brown bear, brown bear, what do you see? I see a red bird, looking at me.” 

The child also had perfect pitch and began the song on the correct note before See 

had played the first chord on her guitar. This is part of a larger process that begins with 

the child becoming comfortable singing. Eventually, then, the therapist might remove the 

melody, but the child will still speak to the rhythm of the song. Next, the therapist might 

ask the child to replace some of the lyrics of the song with personally meaningful lyrics. 

So, for example instead of “I see a red bird,” the child might decide to say “I see my 

mother looking at me.” Eventually, the goal is for the child to learn to communicate 

independent thoughts with their own spoken words. 

FLEXIBLE, EXPRESSIVE, AND INDIVIDUALIZED 

I also observed more traditional forms of autism therapy at other clinics, but See’s 

expressive therapies struck me as being extremely powerful. See explained the value of 

expressive therapies, and specifically music therapy, in this way: 

The music and the instruments can match the highs and the lows of emotions.  We 
can use music in therapy as a form of communication, as a medium for learning, 
or as a way to express feelings.  

In comparison to a didactic-model of therapy, which revels in right/wrong, a 
straight yes/no answer, music fully encompasses a wide range of answers and can 
be manipulated in a way that specifically speaks to or from that person. It can be 
customized, individualized. It can be less intimidating. And more approachable. 

There is a time and place for discreet trial/ABA therapy27. But the reason I love 
music therapy stems from its flexibility and its excitability.  Ask yourself: would 
you rather sit in a chair and answer the same questions over and over, with no 
room for individuality or expression, with no freedom of movement, with the 

                                                
27 Applied Behavioral Analysis 
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expectation that there is one right or wrong answer; or, would you rather use a 
song, song lyric, drum, guitar, etc., to work on your goals?” 

See’s emphasis on individualization is supported by Mitchel Resnick’s research 

with MIT’s Lifelong Kindergarten Group, which puts priority on designing to support 

“many paths and many styles” along the learning process.28 

See’s focus on providing immediate feedback for the child, creating opportunities 

for open experimentation and expression, and creating space for reflection (even if the 

child couldn’t talk, she would ask questions about the experience, sometimes using a 

touchable sign with key words), had a major influence on workshops and activities I 

would later organize in elementary schools and community centers. 

 

Open Community Events 

From 2013 to 2015, I organized several pop-up style events that were open to the 

public. Parents and kids came together at locations including Dallas Makerspace in 

Dallas, TX, Alpha One Labs in Brooklyn, NY, and Travis Heights Elementary School in 

Austin, TX to experience a range of hands-on learning opportunities.  

These workshops are informed by Seymour Papert’s constructionist theory, which 

sees “learning as a reconstruction rather than as a transmission of knowledge...Learning 

is most effective when part of an activity the learner experiences as constructing a 

meaningful product.”29  

 
                                                
28 Resnick, Mitchel, and Brian Silverman. “Some Reflections on Designing Construction Kits for Kids.” In 
Proceedings of the 2005 Conference on Interaction Design and Children, 117–22. ACM, 2005. 
http://dl.acm.org/citation.cfm?id=1109556. 
 
29 Papert, Seymour. Constructionism: A New Opportunity for Elementary Science Education. 
Massachusetts Institute of Technology, Media Laboratory, Epistemology and Learning Group, 1986. 
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A typical event is structured with concurrent workshops, all happening at the 

same time. They are self-paced and are facilitated by volunteer mentors. These mentors 

typically come in with no technical expertise in the workshop they’ll be leading, so 

training is important. A ratio of around five kids to one mentor is ideal. We strongly 

encouraged parents to stay and participate so they could go deeper into anything they 

learned when back at home.  Since any given event provides only an introduction, it is 

important for parents and teachers to be able to expand later on what they learned.  

These events have included do-it-yourself (DIY) biology experiments like 

strawberry DNA extraction, prototyping with microelectronics, paper circuits, stop-

motion animation, DIY musical instrument creation, robotics, and more. I didn’t invent 

most of these workshops; there’s a huge community of “maker-focused” educators 

 

Figure 1: Children learn to extract DNA from strawberries at a Travis Heights 
Elementary workshop 
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creating loads of amazing curricula for this sort of thing. However, learning from them 

has informed my own designs greatly.30 

In a workshop at Dallas Makerspace the kids learned to create new musical tools, 

both high-tech and low-tech. In one room kids were creating their own instruments from 

a pile of donated cardboard boxes, rubber bands, balloons, straws, and glass jars. 

In another room kids learned to solder and created contact microphones from 

piezo disks – a small and extremely cheap electronic component that makes the terrible 

noise in your smoke alarm. They used these to turn any object in the room– a trash can, a 

pencil, someone’s face—into an instrument they could run through a guitar amp. 

IMPROVISATION 

Our workshops place a heavy emphasis on improvisation and experimentation. 

While describing to a group of kids how the piezo-disk microphone worked, mentor 

Charlie Trotter explained: “The most important part of any new thing you’ll learn to do is 

learning to improvise. And this whole thing (the piezo microphone) is a kind of 

improvisation, a ‘hack,’ of what this thing is originally intended to do.” 

NATURAL HACKERS 

These workshops provided many opportunities to observe kids in their natural 

state of hacking. In a station designed to introduce children to the Makey Makey, one of 

our volunteers set up a table with a variety of fruits and vegetables. Each fruit and 

vegetable had a wire running out of it and it into the Makey Makey, which was connected 

to a computer running piano software. Many kids came up and used a metal whisk to 

bang on the fruit and play musical notes. One child who was around three years old was 

not satisfied with the setup. Banging on one piece of fruit only triggered one note at a 

                                                
30 Great sources for workshops include Instructables.com, Make.com, and ScienceBuddies.org. 
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time, and this was not exciting enough! As he unplugged the fruit, we wondered what he 

was going to do. He proceeded to connect all of the wires to a single fruit and started 

hitting that one wildly, in the same way that a kid might excitedly bang on all the keys of 

a piano. Much more satisfying! Through his messy piano playing, he discovered how the 

device works and remapped it to do what he wanted it to do.   

 

Figure 2: A child plays his hacked Makey Makey instrument. 

These workshops, and in particular the children who came to them, showed me 

how to ask questions with your hands with a new sort of reckless freedom. Working with 

our mentor volunteers guided my thinking as I started my research with teachers, 

something I describe in more detail in the “Hacklebox” section of the paper.  

These workshops helped me understand how to create the conditions for 

technological doodling. They informed the methods I use, the questions I ask, and even 

the physical set up of my design studio.  
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Active Video Game Jam at Dell Children’s Hospital 

I organized and led a two-day video game and interface design workshop with 

kids at Dell Children’s Hospital. The kids were part of a program led by pediatrician Dr. 

Stephen Pont called “Healthy Happy Living.” The program uses educational programs 

and games to fight childhood obesity. Many of the participating children love video 

games, and so we decided to teach them how to create their own video games. Instead of 

games played by sitting on the couch, these games had to use physical activity like 

running, jumping, slapping, or high-fiving as a part of the game-play.  

 

Figure 3: Student volunteers and mentors, including Dr. Stephen Pont and me, at the Dell 
Children's Hospital Active Game Jam. (Photo courtesy of Dell Children's 
Medical Center) 
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The workshop occurred over three days: two days of making, one day of 

showcasing to the rest of the hospital. The participating kids designed and built 

interactive interfaces using a Makey-Makey and duct tape, foil, Play-Doh, and many 

other easy-to-find conductive materials.   

We rapidly trained the kids in the Scratch programming language. Scratch is a 

graphical programming language first developed in 2006 by the MIT Media Lab Lifelong 

Kindergarten Group. Instead of lines of code, the interface uses blocks that snap together 

like Legos. 

Scratch is a web-based platform, and Scratch users share their codes through the 

website. This provides a huge resource of readily hackable software for new coders. 

These shared programs were core to our training.  

 

Figure 4: Blocks of code from the Scratch programming interface. (Image capture from 
“Interactive Dog” by Meap77, https://scratch.mit.edu/projects/45308448) 
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Figure 5: Scratch hosts projects online for learners to access and remix into their own 
projects. (Image from https://scratch.mit.edu/explore/) 

On the first day, the participants broke up into groups comprising four or five kids 

and one mentor. Each group was given tiny incremental explorations using Scratch 

cards31. The cards include instructions for programming things like “change color,” 

“move to a beat,” and “follow the mouse.” Each group grabbed a card, had ten minutes to 

program the action, and then switched. The groups explored like this until they’d gone 

through every card. 

                                                
31 Scratch cards are available at: https://scratch.mit.edu/help/cards/ 
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Next, we asked the kids to “Hack this game.” We gave each group the same 

game, found from the public Scratch collection, and had them each hack it to work with 

one simple physical action using the Makey Makey. Many of these hacked games were 

the seeds of the final projects. 

The kids invented and built their games during the second day. We encouraged 

them to find an existing game and hack that into a physical interaction, but they were also 

free to create something brand new. We provided cardboard, aluminum foil, duct tape, 

and a wide range of conductive objects for them to use in their designs. 

One group made a game that relies on high-fives to control a character’s 

jump.  Each high-five closed a circuit, making an avatar jump on the screen. 

 

 

Figure 6: Scratch cards (Image from https://scratch.mit.edu/help/cards/) 
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Another team designed a racing game for two players. The players each moved a 

car around a racetrack by placing their feet on one of four homemade conductive 

surfaces, each corresponding to up, down, left or right. 

 

 

Figure 7: Playing a game that uses high-fives as a control switch. 
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This project taught me the value of rapid iteration as a learning method. 
  

 

Figure 8: Students learned to spread healthy messages and healthy behaviors while 
designing the games. (Photo: Dell Children’s Medical Center) 
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The Hacklebox  

Learning to create with technology is important for primary education. Right now, 

according to research from Carnegie Mellon University and the Association for 

Computing Machinery, most schools are “focused almost exclusively on the skills-based 

aspects of computing and have few standards on the conceptual aspects of computer 

science.”32  That means most U.S. schools focus on teaching kids to be consumers rather 

than producers of technology: they are primed to wait for someone else to create the next 

important technological breakthrough rather than working to create it themselves. 

Even while the government encourages tech education in schools33, many 

teachers lack the technical training to feel comfortable teaching this sort of thing in the 

classroom.  To compare: in Estonia right now, 100% of kids leave first grade knowing 

how to code and program.  They are treating computer programming in the same way we 

are treating literacy.34 

If we want to get to this level in the states, we need teachers to have access to 

materials and training. But many American classrooms lack access not only to tools and 

materials such as 3D printers and electronics, but also to training, curricula, or even the 

support of other teachers. In addition, as I discovered in some of the workshops I ran, 

some volunteers were intimidated by the technologies. This experience guided my 

thinking as I began to work with Austin teachers through the Hacklebox. 

                                                
32 Running the Empty: Failure to Teach K-12 Computer Science in the Digital Age. Association for 
Computing Machinery, 2010. 
 
33 “Can Obama Convince High Schools To Teach Kids To Code?” Forbes. Accessed May 5, 2015. 
http://www.forbes.com/sites/anthonykosner/2013/02/14/can-obama-convince-high-schools-to-teach-kids-
to-code/. 
 
34 “Guess Who’s Winning the Brains Race, with 100% of First Graders Learning to Code?” Accessed April 
22, 2015. http://venturebeat.com/2012/09/04/estonia-code-academy/. 
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FIRST TEST 

After leading workshops at schools, I found myself having conversations with 

teachers interested in bringing similar hands-on learning experiences into their 

classrooms. But as excited as they were about these workshops, they didn’t have access 

to the materials or training to lead them on their own. 

This lack of resources and training led me to launch the Hacklebox, a lending 

library of materials, curricula, and mentorship for educators to use in hands-on science, 

technology, art, and design education. The Hacklebox started with a short beta test that 

involved an actual tackle box stuffed with materials, including an Arduino, Makey 

Makey, DNA extraction materials, paper circuits materials, and a littleBits construction 

set. 

 

Figure 9: The first iteration of the Hacklebox was a tackle box filled with materials for 
teachers to check out. 
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The box was made public through a website, http://austinhacklebox.com. After 

lending it to a small series of teachers and community groups, the feedback I received 

was “we need more continuity between workshops, we need more support, and we need 

curricula to go with these materials.” 

After that test, I partnered with the Thinkery, Austin’s children’s museum, to 

expand the test with a group of 15 teachers selected from over 200 applications to pilot 

S.T.E.A.M. activities in the classroom. The group was a pilot project of the Thinkery 

called “EdExchange.” 

Made up of elementary school teachers from private, public, and schools ranging 

from very low median to very high median income levels, EdExchange was a perfect 

 

Figure 10: EdExchange teachers share ideas after I led a workshop on 3D printing and 
digital fabrication. 
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group to study to learn about the social, community, and logistical dynamics associated 

with introducing hands-on S.T.E.A.M. into the classroom. 

From the original box, The Hacklebox grew to become a part of a library of 

resources that are facilitated online and implemented in real life as three ingredients: 

• Access to shared tools and materials  

• Access to shared curricula, and 

• Access to mentorship and community 

It is designed to give access and support directly to the teachers instead of 

requiring them to go through their schools to get funding. The teachers themselves can 

act as independent entities. 

INGREDIENTS 

Tools and Materials Checkout 

The Hacklebox moved from physical box to online checkout site. Just like using a 

library, teachers who want to run a workshop can go to the site, select what they want 

from the available materials, reserve them, and then go pick them up directly from The 

Thinkery. This checkout process is informed by the economic trend of collaborative 

consumption: an arrangement in which individuals share access to products or services 

rather than having individual ownership.35 

 

                                                
35 Hamari, Juho, Mimmi Sjöklint, and Antti Ukkonen. The Sharing Economy: Why People Participate in 
Collaborative Consumption. SSRN Scholarly Paper. Rochester, NY: Social Science Research Network, 
2015. http://papers.ssrn.com/abstract=2271971. 
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Shared Curricula Resource 

To help teachers get started using the materials, Thinkery facilitators (and in a few 

cases I) created workshop instructions. These instructions were shared in Google Docs so 

that teachers could easily access, download, and change them if needed to meet their own 

needs. 

Mentorship and Community 

Teachers using the Hacklebox were also trained to serve as community leaders. 

We saw each of the initial 15-person group as new nodes in a network; each was 

surrounded by other teachers who might not have access to the kind of training that they 

 

Figure 11: Screenshot from a Hacklebox checkout page. 
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had at The Thinkery.  By training the trainer, the group will create a network of support, 

training, and accountability that many educators don’t have access to through their 

schools.  

In the future teachers will not only have access to the shared curricula and 

materials library, but will also have access to a whole trained network of teachers in 

Austin. These teachers can be there to support them and provide accountability, ideas, 

and inspiration that they might not receive at their individual schools.   



26 

Figure 12: Hacklebox Checkout System Flow, Part 1 

26



 27 

 

  

 

Figure 13: Hacklebox Checkout System Flow, Part 2 
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Figure 14: Hacklebox Checkout System Flow, Part 3 
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Figure 15: Hacklebox Checkout System Flow, Part 4 
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TEACHER-LED RESEARCH WORKSHOPS 

In December of 2014 I observed Hacklebox workshops run by elementary school 

teachers at six schools. These workshops reached over 300 kids. 

 

Figure 16: I fabricated boxes to contain and distribute materials for the Hacklebox in-
classroom research workshops. 
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These research workshops helped me see first-hand the challenges involved in 

leading hands-on workshops in the traditional classrooms, especially for teachers with 

only limited training.  

A creative paper-circuits activity that had only taken fifteen minutes from start-to-

finish in my training with the teachers looked very different in a room full of 100 first 

graders. 

I also learned that it is not enough to give teachers access to tools and materials 

alone. I started thinking about how I might design a sort of physical prosthetic for 

existing learning tools. This is extremely ripe territory for design interventions. My first 

exploration in that challenge was Bleepy McProtoboard, a project I discuss later in the 

report. 

As of the time of this writing, the Hacklebox has been fully adopted by the 

Thinkery as an owned and incubated project. I cannot wait to see where they take it. 

 

Figure 17: Kids watch and make along with a teacher at one of our December Hacklebox 
workshops. 
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PROJECTS 

The images and texts that follows documents a series of technological doodles I 

created during the course of my Design MFA research. These were all projects I made in 

order to learn about new technologies and modes of interaction, including wearable 

technology, tangible interfaces, algorithmically generated designs, and robotics. Each of 

these projects is a case study in the discipline of technological doodling. 

 

The Wearable Pokey Slappy Four-Handed Sequencer 

The Wearable Pokey Slappy Four-Handed Sequencer is a wearable electronic 

musical instrument that is played by two people and sound-generating software. Both 

players wear a pair of gloves.  The gloves have patches of conductive fabric on the 

fingertips, the base of the palm, and on the knuckles (where you might give someone a 

dap36).  

 

                                                
36 “A Brief History of the Fist Bump - TIME.” Accessed May 6, 2015. 
http://content.time.com/time/nation/article/0,8599,1812102,00.html. 
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Players create music by touching each other’s fingertips. Each time they touch a 

pair of fingertips together, it adds notes to a step sequencer. A step sequencer is a simple 

electronic music composition tool that is typically is laid out in the shape of a grid; the 

grid can be any size. The vertical axis of the grid represents pitches and the horizontal 

axis represents beats. The sequencer plays through one beat-per-column, and then 

repeats. When you touch a square, it adds it to the sequence based on its location. You 

don't need any musical experience to compose with a sequencer because the notes are 

always locked into place within that key structure and beat structure. 

 

Figure 18: Conductive pads at the base of the palm, tips of the fingers, and along the 
knuckles trigger musical actions when they make contact with the other 
player 
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It works like this: Players add notes to a musical sequencer by touching fingertips 

with a partner. The eight fingers of the gloves correspond to an eight-note musical scale 

and the thumbs shift the scale up or down an octave. Players can choose from four MIDI-

based timbres, and can create more complex arrangements by layering up to four 

simultaneous tracks. 

 

Figure 19: A step sequencer uses a grid instead of a musical staff, and is a simple way to 
compose music. (Screenshot from Pure Data Novation Launchpad Step 
Sequencer video by Vimeo user bi666, https://vimeo.com/65230858). 
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I began the project because I was curious to learn about a few things: 

• Embodied Interaction: Paul Dourish describes this as “the property of 

being manifest in and of the every-day world. Embodiment constitutes the 

transition from the realm of ideas to the realm of everyday experience.”37   

• Mutually Reliant Interaction: In other words, you must engage with and 

touch the other person in order for this musical instrument to work. I was 

also extremely curious about what sort of dynamics would happen as a 

result of this interaction. Would people feel uncomfortable? Would they 

create music together, or would one person dominate? 

                                                
37 Dourish, Paul. “Embodied Interaction: Exploring the Foundations of a New Approach to HCI.” 
Unpublished Paper, on-Line: Http://www. Ics. Uci. Edu/ Jpd/publications/misc/embodied. Pdf, 1999. 
http://www.douri.sh/embodied/embodied99.pdf. 
 

 

Figure 20: Two people creating music with The Wearable Pokey Slappy Four-Handed 
Sequencer. 
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• The Balance of Freedom and Constraints: I wanted to learn how to 

design a tool that was open enough to allow for creativity and expression 

but had just the right amount of constraints to help the players create 

something that sounds interesting no matter what. 

• Non-Screen Based Feedback: The feedback players receive while using 

the gloves is a combination of audio feedback and the feeling of your 

partners’ fingertips. There is no visual feedback.  

 

When the two players touch fingertips together it completes a circuit, which sends 

a signal to the software to trigger a note. This doesn't work when you touch your own 

fingertips together; that will not complete the circuit. It only works when you touch 

fingertips with the other person. 

I wanted to get to the point where people were actually using the gloves as 

quickly as possible. The gloves were purchased from a thrift store. I used hot glue to fix 

the conductive fabric and thread to each glove. Although this produced a less attractive 

and less durable result than sewing, I was able to produce a workable product in an 

extremely short amount of time and with zero pinpricks. The workable version of the 

gloves took about one day to create.  
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The prototype used a Makey Makey to turn each fingertip into a switch. The 

simplicity of the Makey Makey allowed me to cheat and learn about the interactions 

before I had a technically complete design.  

 

Figure 21: Conductive thread was fixed to the gloves with liberal squirts of hot glue. 
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Figure 22: Figure 1: In reality, only one set of gloves is connected to the notes. The other 
set is a ground that can only complete the circuit. 
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I wrote the software in Max MSP38, a visual programming language used 

primarily for interactive music and video.  Max is great for visual artists and designers 

who’d like to doodle with code because it lays out your code in front of you as a visual 

system. This allows for an experimental programming experience that is much closer to 

the bricolage I discussed earlier. 

                                                
38 The software is available on Github at https://github.com/thehabdash/Four-Handed-Sequencer . 

 

Figure 23: The sequencer is controlled with the gloves and written in Max MSP. It can 
also be controlled directly through the computer keyboard. 
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Figure 24: An excerpt from the Max MSP code. Max MSP displays the code as a visual 
system. 

Before I tested the gloves, I was curious about the learning curve. Since the 

players have no visual reference, I wondered if the controls would be intuitive or 

confusing, comfortable or awkward. Patterns emerged. Initially many players looked to 

me for direction: “Am I doing it right?” I assured them that there is no “right,” and to just 

play. I was pleased and surprised at how quickly most people picked it up. In one round 

of experiments, there was a very clear “ah-ha” moment when the players shifted from 

touching fingers and being surprised, to suddenly achieving what looked like proficiency. 

All of a sudden one of the players started moving deliberately, skipping through octaves 

with her thumb, changing the track with her hand, and creating something with more 

intention than she had previously.  
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This project not only taught me about creating interactive objects, it also taught 

me about the social dynamics associated with a collaborative creative act. A friend 

jokingly described this project as a “social hierarchy identifier,” as almost every time one 

of the players emerged as the dominant of the pair.  

 

Bleepy McProtoboard 

When most people are asked to envision a computer, they’re likely to picture a 

rectangle with a monitor, keyboard, and mouse. In reality, a computer can take an almost 

infinite number of forms, including toys, clothing, and even DNA.39 Teaching kids to 

create their own electronic objects that interact with the physical world can open up entire 

worlds of invention and experimentation.  

One tool for teaching physical computing in the classroom is the Arduino 

microcontroller. Prototyping with an Arduino typically involves creating circuits using a 

breadboard, a small plastic board with tiny holes that allows you to connect electronic 

components together without having to solder. While the breadboard is great for 

experimenting, it can be challenging to manage a room full of children creating their own 

circuits. I observed this first-hand in classrooms, sometimes with teachers who were 

hungry to experiment with their students but had limited training themselves. 

                                                
39 Ogihara, M., and A. Ray. “Simulating Boolean Circuits on a DNA Computer.” Algorithmica 25, no. 2–3 
(June 1, 1999): 239–50. doi:10.1007/PL00008276. 
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Bleepy McProtoboard simplifies prototyping with Arduino by replacing the 

traditional breadboard with a large, pluggable patch bay. Bleepy McProtoboard grew out 

of the in-classroom Hacklebox research workshops and research with the Berlin-based 

School of Machines and Make-Believe. The ‘Board simplifies the process of facilitating 

physical computing workshops in the classroom by providing large-scale, color-coded, 

prefabricated components.  

In contrast to the tiny holes and wires of a breadboard, which can be difficult for 

kids to manipulate and challenging for more than one person to see and use at a time, 

 

Figure 25: Breadboards and the circuits they house are small and can be difficult for 
teachers to manage with multiple students. (Image used under a CC 2.0 
license, from: https://goo.gl/IbN9Uq) 
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Bleepy McProtoboard makes it easy for teachers to demonstrate and troubleshoot, and 

easy for three or four children to work together on one board.  

You might compare it to Lego and Duplo.  Duplo was launched as a little-kid-

friendly version of Lego, the famous plastic interlocking bricks. Duplo is twice the size, 

which makes it simpler and safer to use for children younger than three years old. Bleepy 

 

 

Figure 26: The most recent Bleepy McProtoboard prototype and a series of components 
installed for demo in a gallery space. While in this setting it is mounted to a 
wall for display purposes, the board is designed to be used on a flat surface, 
like a tabletop or floor. 
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McProtoboard is similar. Its size and color coding makes it simpler for younger children 

to use and for teachers to observe and facilitate. 

The board itself is a laser cut box made from the least expensive ¼” plywood 

available at the hardware store, and uses banana plugs and jacks for the pluggable 

 

Figure 27: Lego vs. Duplo (Image is public domain and from http://goo.gl/KYKBdj) 
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components. The color-coding is based on the board input or output of a given pin40: 

Analog inputs are yellow, analog outputs (also known as PWM) are white, digital inputs 

are green, digital inputs are blue, servo inputs are brown, power is red, and the ground is 

black. 

This board is designed for an Arduino UNO board, and so will work with any 

Arduino-compatible software. I recommend using Scratch 4 Arduino (S4A)41, which is a 

version of Scratch—the Lego-like programming language used in the Dell Children’s 

Hospital Game Jam—that has been modified to work with Arduino. 

While this board is designed to facilitate rapid prototyping, I used a rapid 

approach in building it as well. When I first imagined a larger and more manageable 

electronic prototyping space, the idea was hazy and abstract. I began to build to bring the 

idea out of abstraction and into physical reality. I built the first component out of 

cardboard and spare parts I found in the studio. 

 

                                                
40 More information on Arduino UNO pins is a available at 
http://www.arduino.cc/en/Main/ArduinoBoardUno 
 
41 S4A is free and available for download at http://s4a.cat/ 
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After more experiments and several iterations of the component boxes, I built the 

first full version of the board out of scrap wood, conductive thread, hot glue, and shirt 

snaps. These ingredients were inexpensive, easy to come by, and easy to reconfigure as I 

learned more about the design through the process of building. 

 

 

Figure 28: The first Bleepy McProtoboard component was made from cardboard, scrap 
wire and electronic parts, and hot glue. 
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Letting other people play with the prototype showed me how flimsy the first 

design was. I’d been very careful as I snapped and unsnapped components. Other people 

were not, and many of the snaps ripped right from the wood. The surrounding acrylic 

plastic play space emerged from observing people awkwardly look for ways to fix the 

components to something secure as they built out their inventions. The wires became 

tangled together, leading me to design thicker and more durable patch cables from 

shoelaces. Physically interacting with the idea before I’d spent too much time guessing 

and speculating helped me move quickly to the current version as of this writing.  

 

 

Figure 29: The first functional prototype of Bleepy McProtoboard was made from 
materials including shirt snaps, hot glue, and conductive thread (small 
plastic buddy is not my design). 
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Figure 30: Components like this servo slide in and lock into the acrylic plastic play space. 

 

Figure 31: The surface of Bleepy McProtoboard with patch cords made from shoelaces 
and alligator plugs. 
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Figure 32: The Bleepy McProtoboard demo in the exhibition space allowed visitors to 
manipulate an interactive projection. (Photo: University of Texas) 

This is only the beginning of this project, however. The real test will be after the 

prototype comes down from the gallery wall and goes into a classroom of fifth graders. I 

am positive we will all learn a lot. 
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Komorebi 

Komorebi is musical collaboration that explores the translation from free flowing 

improvisation into composition. This translation sits somewhere between remix and 

wholly original work.42 

This project is collaboration with violinist Rachel See. See is an extremely 

talented musician (you may remember her as the music therapist I mentioned earlier), but 

has never considered herself a composer.  

I asked See to record a series of brief musical phrases on violin. Each was 

unrehearsed, unrelated, improvised on the spot, recorded at 120 BPM, and in the key of E 

minor. “Even if you feel like you made a mistake, keep it,” was a part of the protocol. 

See recorded about 20 separate phrases and sent them to me.  I used editing 

software to arrange the phrases in time and in layers into a new musical construction. I 

did not edit any of the phrases individually; each phrase was just as See sent it. 

The result is a composition by both of us and neither of us, so I gave it the name 

”Komorebi”: a Japanese word for when sunlight filters through the trees - the interplay 

between the light and the leaves.  

The project was an experiment in creating a process that enabled musical 

doodling: rapid creation without concern for the final output that led to a composition we 

were both happy to have been a part of. The experiment taught me about the value of 

designed constraints in freeing up creative output. See’s limiting everything she played to 

one musical key and playing to a metronome turned her series of musical improvisations 

into a series of building blocks that I was able to snap together to form the final song. 

These lessons are directly applicable to the design of higher-tech interactive music 

                                                
42 The audio is available to stream or download at http://brentdixon.bandcamp.com/track/komorebi 
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systems, such as the software I designed for The Wearable Pokey Slappy Four-Handed 

Sequencer. 

Jiggety Jigbot 

Jiggety Jigbot is a robot I built that uses a microcontroller to translate audio signal 

into super sexy robotic dance moves. It is built mostly from found and upcycled 

materials, including soda straws, craft foam, and a 1970s German telephone speaker 

device. 

 

I built Jiggety Jigbot to learn about the mechanics of servo motors, and how they 

might be used to create interactive objects that feel expressive.   

 

Figure 33: Jiggety Jigbot dancing. Watch a video performance at 
http://vimeo.com/104313638 
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Early doodling began by connecting two servos with a bent welding rod, and 

using an Arduino, a potentiometer, and the publically available “Knob” code43 to begin 

experimenting with the dynamic between the two motors. 

I did not build Jiggety Jigbot to last. Eventually he danced so hard that his legs 

fell off. The point was not to produce a durable, polished end product, but instead a 

technological doodle that would allow me to learn quickly and refine later.  

 

Fits & Starts 

Fits & Starts is an interactive sound and light installation made from plywood, 

conductive tape, and a microcontroller used in classroom workshops.  

This started as a project where I was trying to create a technological doodle in one 

afternoon so I could demonstrate the idea of technological doodling at a talk later that 

evening. 

I started the project by creating a basic cosine wave synthesizer in Max. In 

addition to its visual coding environment, Max is great for doodling because of its 

interactive help files, which include code snippets you can copy and paste directly into 

your project. 

                                                
43 Available at http://www.arduino.cc/en/Tutorial/Knob 

 

Figure 34: Two servos connected with a welding rod and duct tape walk their way off of 
a table in an early experiment. 
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Figure 35: A cosine wave synthesizer from Max's help files. 

I added strips of conductive tape to the back of the board and used conductive ink 

to draw connections to Bare Touchboard44. The Bare Touchboard is a microcontroller 

that allows you to turn anything conductive into a capacitive sensor.45 This board is often 

used in classroom settings to teach lessons in circuits and interactive prototyping. It is a 

perfect tool for technological doodling. 

 

                                                
44 The Bare Touchboard is an Arduino-compatible microcontroller that allows its user to turn any 
conductive surface into a sensor.  “Touch Board - Bare ConductiveBare Conductive.” Accessed March 12, 
2015. http://www.bareconductive.com/shop/touch-board/. 
 
45 A capacitive sensor detects the electrical signal, or capacitance, found in the human body. Baxter, Larry 
K. Capacitive Sensors: Design and Applications. John Wiley & Sons, 1996. 



 54 

The conductive tape on the reverse side of the wood senses the human body’s 

natural electrical charge and turns that into data. I used Max to map this data to sounds 

using a Max patch someone shared through Cycling 74’s46 online forums. Each strip of 

tape triggered a note, and a puddle of conductive ink allowed the player to shift the pitch 

of all of the notes, similar to the way a Theremin47 works. 

                                                
46 Cycling 74 created Max. 
 
47 A Theremin is an early electronic musical instrument that allowed a performer to change pitch based on 
their proximity to a conductive surface. 

 

Figure 36: The original prototype used conductive tape and conductive ink. The final 
piece was very similar to this, only on a larger scale. 
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This led to the first version of Fits & Starts, which I demoed at the Protos Festival 

during South by Southwest 2015.  

The scaled up version used a 4 x 8 sheet of plywood with a similar setup. I 

replaced the puddle of conductive ink with a frame made from molding wrapped in 

conductive tape. This allowed players to change the pitch of each note on the board’s 

 

Figure 37: The first prototype of Fits & Starts was built in an afternoon from conductive 
ink and tape, a microcontroller, and scrap wood. (Video still from 
Capacitive Synth Prototype 1, 2015, available at 
http://vimeo.com/123328235) 
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surface by touching the frame. I also wanted to provide visual feedback in the larger 

version. 

Creating the visuals involved a lot of bricolage. I began with publically available 

Processing code48 designed to demonstrate Lissajous Curves. Lissajous Curves are visual 

forms created mathematically with sine waves.49 Using this code as a base, I began 

manipulating the variables, most of the time without really knowing what I was doing, to 

see how the form changed with various inputs. This form was going to be the visual 

feedback for the board’s interface. It was important for it to be reactive in a way that felt 

natural, intuitive, and satisfying based on the touch data. 

                                                
48 View or download code: at http://www.generative-gestaltung.de/M_2_3_01 
 
49 Learn more about Lissajous Curves here: http://www.jmargolin.com/mtest/LJfigs.htm 

 

Figure 38: The larger scale version was built on a sheet of plywood and used projected 
visuals. 
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Over the course of many hours of experimentation, I landed on a form that reacted 

in a way that felt intuitive based on a range of inputs. 

 

Figure 39: A Lissajous Form on an oscilloscope (Imaged licensed under CC BY-SA 3.0 
via Wikimedia Commons - 
http://commons.wikimedia.org/wiki/File:Lissajous-
Figur_1_zu_3_(Oszilloskop).jpg) 
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Figure 40: The visuals are based on hacked Lissajous Forms. 

The final piece uses a projector and the software MadMapper50 to map the visuals 

onto the larger surface, allowing people to play music and activate the visuals using their 

bodies. 

                                                
50 http://www.madmapper.com/ 
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This project allowed me to doodle with code-based generative design and learn 

about interface design for physical computing and musical instrument design. It was also 

a good exercise in how to optimize an interactive installation for long-term public 

exhibition. 
  

 

Figure 41: Two girls play with Fits & Starts at the Design MFA exhibition opening. 
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CONCLUSION 

The technological doodles described in this report are my first step to 

understanding doodling as a design practice. Our present and future are characterized by 

rapid technological change and unpredictability. Doodling allows designers, or anyone, to 

use networked communities, publically available remixable assets, and new electronic 

prototyping tools to rapidly introduce themselves to new concepts and to build prototypes 

that would previously have been outside their realm of expertise.  
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