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Zero to Maker is part memoir and part how-to guidebook for anyone who is having thoughts
like these:I feel like all I can do is write emails. I wish I had more hands-on skills even though I
don't know what I would build...I have this one idea I've always wanted to make, but I don't
know how to build it...I keep hearing about the "maker movement" but I'm not sure what that
means or how I can join in...The book follows author David Lang's headfirst dive into the maker
world and shows how he grew from an unskilled beginner to be a successful entrepreneur.
You'll discover how to navigate this new community of makers, and find the best resources for
learning the tools and skills you need to be a dynamic maker in your own right.The way we
make things has changed. A new generation of tinkerers have emerged through online
communities and powerful digital fabrication tools, and their creations are changing the world.
This book follows the author's personal journey of transformation into a maker-entrepreneur. It
is everyone's guide to combining inspiration and resources to effectively navigate this exciting
new world.Lang reveals how he became a maker pro after losing his job and how the
experience helped him start OpenROV, a DIY community and product line focused on
underwater robotics. It all happened once he became an active member of the maker
movement. Ready to take the plunge into the next Industrial Revolution? This guide provides a
clear and inspiring roadmap.Take an eye-opening journey from unskilled observer to engaged
makerLearn how to join this community, get access to tools and experts, and pick up new
skillsUse a template for building a maker-based entrepreneurial lifestyle and prepare yourself
for the careers of the futureThis book is for everyone who dreams of becoming a successful
maker-entrepreneur. It not only satisfies the aspirational aspect but shows newcomers to the
maker movement exactly how to join in.First published in 2013, this new edition features full-
color photos and shares David's latest insights and experiences as he continues to grow as a
maker entrepreneur and citizen scientist.

About the AuthorDavid Lang is a co-founder of OpenROV and OpenExplorer. His work has
been featured in The New York Times, WIRED, and Popular Science. David is a TED Senior
Fellow and a National Geographic Explorer. His TED talk on DIY robotics and ocean
exploration has more than one million views. He lives on a boat in the San Francisco Bay.--This
text refers to the paperback edition.
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cave you fear to enter holds the treasure you seek.—Joseph CampbellThe entire situation was
unfamiliar. I was in a part of the world I had never seen—the foothills of the Trinity Alps in
Northern California, deep in the heart of Trinity County, where the cell phone reception seemed
as prehistoric as the surrounding landscape. We completed the seven-hour drive from San
Francisco, through the giant redwood forest, to explore the Hall City Cave. The beam of light
emanating from my headlamp exposed vivid details: threatening stalactites, a rock wall covered
in spiders, and a few inverted, sleeping bats. I was carrying a large yellow Pelican case
containing an underwater robot I had helped design and build. That was really new.“I think the
next time we do this, we should wait until the summer,” I said to my friend Eric as I handed him
the case to get a better footing as we descended farther into the cave. The clunky, waterproof
boots I was wearing were not the best choice for spelunking, but they were my only option
given the awful weather outside the cave. He looked at me and smiled. It was obvious to all six
brave souls who were making the trek that choosing a January date for our trip to the cave was
not wise. With such a dry and mild winter we thought Mother Nature might spare us a few more
nice days, but we had pushed our luck. The heavy, constant snowfall was an hourglass
constantly reminding us of how little daylight was left and how much worse the return trip could
get. �My remark to Eric was meant to be lighthearted. A series of nearly trip-ending incidents
had left the group exhausted. We woke up to worse-than-expected weather and were forced to
scramble to find chains for our car tires. After we made it up the mountain, we found the back
roads to be impenetrable. Luckily, we met a Wildwood resident who offered to help plow us
through the snow-covered back roads. By the time we reached the cave, everyone was tense
and tired.Ever since Eric Stackpole and I first met and talked about underwater remotely
operated vehicles (ROVs) and ocean exploration, we had been plotting for this moment. Eric
tells the backstory, “The Legend of Hall City Cave,” much better than I do; it’s his favorite story
to tell and he will share it with anyone willing to listen, whether it’s a full auditorium or a small
dinner party. He always starts out the same way: ensuring that his audience has a full 90-
second attention span to dedicate to his tale. He shakes out his arms and takes a deep,
preparatory breath, “Whooooosh!” A wave of his hands and an exaggerated exhale take them
back in time.Flashback, 1800s. Northern California. Gold rush. Two Native American men rob a
gold mining operation and make away with an estimated 100 pounds of gold. A sheriff’s posse
is assembled to track down the men. After days of chase, they eventually catch the two men,
but they no longer have the gold. The sheriff’s posse makes an offer: “Tell us where you hid the
gold and we’ll spare your lives.” The men explain that they hid the gold in the Hall City Cave.
Despite the sheriff’s promise, both men are hanged on the spot. The posse returns to the area
the men described and, sure enough, there’s a cave. They don’t find the gold, but toward the
back of the cave they find a hole six feet in diameter and filled with water. The underwater
cavern extends down farther than they can see, and they lack the tools or technology to
explore further, so the sheriff’s posse gives up.Eric ends the story by recounting the numerous



cave divers and treasure hunters who chased the legend as far as a human diver could  �
possibly explore without ever finding the bottom.1 His final line is “and that’s why we’re building
this underwater robot: to solve the mystery of the Hall City Cave.” More information on the story
of Hall City Cave is shown in Figure 1-1.1 Eric originally heard about the cave from a friend
and got most of his initial information from Dave McCracken’s website at .Figure 1-1: News of
the caveI’ve heard the story a hundred times, and it never gets old. When Eric and I first met,
that’s really all it was: a great story and a rough prototype of a robot he wanted to build. Even
though I didn’t have any relevant technical experience, I knew I wanted to be a part of the
adventure. The idea of exploring the unknown with an ingenious tool made from off-the-shelf
parts held me in its grip. It struck a chord inside me that my office job couldn’t possibly
reach.Now, as I walked inside the cave with Eric and the ROV, I could hear my own heartbeat.
About 15 meters inside the cave, descending its rocky steps and twisting caverns, part of me
still didn’t believe the underwater hole was real; could it be that this was just an urban legend to
lure tourists into the Wildwood Store just a few miles away? Part of  �me began to doubt the
whole thing. But as we came upon what seemed to be the end of the cave, we flashed our
lights toward the floor and there it was: a hole six feet wide, filled with crystal-clear water
deeper than the flashlight could illuminate. Just as the story told.Eric set down the Pelican case
near the underwater opening and took out the ROV. The combined direction of our headlamps
lit up the work area, as shown in Figure 1-2. As we inspected the robot, Eric noticed the walk to
the cave had caused one of the propeller ducts, the circular guards that wrap around the
propeller, to crack off—not ideal, but not critically important. We decided to break the opposing
duct to make it proportionate.Figure 1-2: The work areaEven without the propeller ducts, the
robot is a beautiful piece of bare-necessity engineering—well, at least once you know what
you’re looking at. Like most underwater creatures and contraptions, it looks awkward out of its
natural habitat. The brain of the ROV, the main electrical system, is housed in a clear plastic
cylinder that includes the camera, three speed controllers, and the microcontroller. The cylinder
resembles a large French press, except horizontal, filled with electronics and built to withstand
pressure. It’s kept airtight with plastic end-caps. Wires and communication lines protrude from
the end-caps and are potted with epoxy. In addition to keeping the electronics dry, the  �cylinder
serves as the main force of positive buoyancy to keep the ROV upright underwater. The outer
shell of the ROV is a sheet of blue acrylic plastic that folds tightly over the cylinder, like
downward folded wings. The wings extend down to the battery packs—six C batteries, three on
each side—that also act as ballast to counteract the airtight container. Add in the motors,
propellers, and a few threaded steel rods, and the entire robot is still only about the size of a
small microwave.Eric started in with the last-minute waterproofing while I added weights to the
steel rods to make sure that the robot had the correct buoyancy. Brian Lam, our photographer,
arranged flashlights and made sure the cameras were rolling. Jeff Bernard and Bran Sorem,
friends who had decided to join us for the trip, maneuvered themselves along the wall of the
cave in order to shine lights into the cavernous depths. Zack Johnson, another friend and robot
collaborator, unwound the tether, which would be the communication line to the robot when it
was underwater. The moment of truth was finally here.Eric walked over and set the robot into
the water. It floated on the surface and we collectively held our breath and waited for the robot’s
next move. The LED lights switched on, like an infant opening its eyes. The silence was broken
by the buzzing of the robot’s propellers. Sporadic at first, it took several thrusts before we felt
comfortable with the controls. Almost at once, the mood in the cave completely changed. The
nervous anticipation around whether the ROV would even work was replaced by a playful
excitement; what could this thing actually do?The lights from the robot lit up the water, creating



a vivid display of the interior of the underwater cavern. The lighting caused the cave walls to
radiate deep blues and purples. With precise control, the robot descended into the depths.
Watching it dive made my heart flutter. I couldn’t believe we had come this far. After all the
designing, testing, and redesigning, it was really starting to become clear: we had
accomplished an amazing feat of collaborative creation. Building this robot was a product of
collective passion and commitment. We had to overcome a myriad of design and technical
challenges to arrive at this point. We set out to make a capable underwater ROV that could be
used for exploration, using only off-the-shelf parts and tools that are accessible  �to everyone.
Also, we wanted it to be far cheaper than the commercial products that were available. And we
had done it.I took pride not just in what we built but also in how we built it. The design was
Eric’s baby, something he originally conceived and muscled into the world. But the current
version of OpenROV—the model that made the trip to the cave—was a distant relative of Eric’s
original prototype. This model was something much greater. From our very first conversation,
Eric and I decided to make the project open source, meaning we release the designs,
production steps, and bill of materials online for anyone to see and use. We created a
website, , where we displayed the build information as well as problems that we were
encountering. It started out as a way to show our friends what we were up to, but it quickly
grew from there. A few months into the project, we were getting advice and support from
people all over the world, most of whom we had never met, some with extensive underwater
robotics experience. The feedback, suggestions, and insights from members of that community
were key to overcoming our challenges. By the time we found ourselves in the cave, the project
had benefited from hundreds of contributors, spanning dozens of countries.We ran the robot
down the large cavern and into small offshoots that piqued our interest, as shown in Figure 1-3.
At one point, the entire group erupted in cheers as we safely threaded the needle of a tight
opening in the rocks. We came across a number of interesting artifacts: a long piece of tubing,
some sunglasses, and an old lighter—items you could imagine a group of teenagers dropping
during an afternoon adventure. We spent so long exploring that we eventually ran out of
batteries. Luckily, we had navigated the robot back to a point where we could easily fish it out
with the attached tether. It was a silly and humorous mistake in an otherwise successful
maiden voyage.We didn’t end up finding any treasure in the cave, but it didn’t matter. We had
built the robot we dreamed of and, more important, had an adventure doing it. We met
hundreds of new friends and collaborators and discovered that a lot of other people were
interested in what we were doing. The process was far more valuable than the outcome. �Figure
1-3: Searching in the cave (Photo by Brian Lam for The New York Times)For me personally, the
real treasure was never gold but something far more precious. This maiden voyage of our little
robot was a tremendous experience, but my journey started long before that day in the cave.
My challenges were more than any technical design. I had gone from having nonexistent
engineering or design experience to making substantial contributions to underwater robotics. A
project that had seemed intimidating and impossible to me only a year earlier shaped me into a
completely new person. I had flipped the switch from being a passive consumer of life to an
engaged, creative participant in it. I had gone from Zero to Maker.It all started on a June
morning—six months before the trip to the cave—in a small office in Los Angeles. That
morning unfolded like most others. I was in early before any of my coworkers had arrived and
was busy answering emails and responding to client issues. I didn’t expect that it would turn
into a judgment day of sorts.As a startup, we were struggling; revenue had trickled to a halt,
investors were backing away, and the attitude around the office was bleak. The plan was to
meet at 9:00 a.m. for a team meeting and strategy session. When the founders of the company



arrived late and asked only me to come into the conference room, I knew it wasn’t going to be
good news.They were letting me go. �Just like the headlines I had seen for the past two years—
more layoffs, jobs eliminated, and record unemployment—but delivered with a piercing stab. It
was no longer happening around me; it was my new reality. The next day, as the shock
continued to set in, I took a long walk through the hills of Los Angeles, trying to make sense of
it all. I couldn’t help but think back on the events that led up to this moment, trying to excavate
some sign I overlooked in the haze of unshakable confidence in being on the right path: a good
college education, strategic work experience, and a job with a promising young startup
company. Then suddenly, on a sunny Tuesday morning, it was gone.I walked for hours and
came to the realization that this was bigger than just losing a job. More important, I felt that in
this work shake-up, my life story had been stripped away from me. My personal narrative—my
sense of purpose and direction in the world—no longer made sense. I had spent so much time
justifying my actions (and time spent as a slave to a computer monitor) with the rationale that I
believed in the mission of our company. I tried to get back on track mentally by telling myself I’d
get another job. I dusted off my résumé—something I hadn’t needed to do in years—and just
stared at it. I reformatted and updated my experience, but after all the tweaks and sorts,
something still wasn’t right. I kept questioning myself: what was I doing, really? No matter how I
told my story, I realized, I couldn’t hide one glaring fact: the only thing I was qualified to do was
to sit in front of a computer.To make matters worse, my anxiety over being jobless was
compounded by a blooming awareness that I was in a completely wrong business to begin
with. It so happens that a year before I lost my job, I had attended a Maker Faire based on a
friend’s recommendation. She thought I’d enjoy the crowd and the eclectic nature of the
gathering. She was right. The Faire blew me away. The interesting projects—robotics, crafts,
and massive installations—were only outdone by the passion and energy of their creators. In
my wildest imagination, I could probably conceive of a few of these contraptions and
characters, but never all in one place—in this bizarre environment where giant unicycles and
autonomous robots blend into the crowd. Most strikingly, I couldn’t believe these individuals
and groups were able to actually build this  �stuff. I didn’t quite know how, but I wanted to be
more like them. Thinking and learning more about what I’d seen at the Faire that day led me to
Eric and his ambitious plan to build his own submarine. I wanted to help with the robot
adventure, though I wasn’t sure how I could contribute. Without even a basic high school shop
class education, let alone any kind of engineering degree, I had felt disqualified from even
trying.The jobless wandering and the maker longing were a powerful mixture in the days and
weeks after being laid off. The more I thought about it, the more I realized how tragically
specialized I had become. I was extremely well prepared for a job that no longer existed,
without the fundamental skills I could repurpose elsewhere. I seemed to be far away from being
able to build, fix, or create anything of tangible value—any real, physical thing. My so-called
skills—emails, social media, and blogging—were hollow substitutes. Now, after hurtling in and
out of a digital career, I felt as though I were missing a critical piece of my humanity.Over the
course of the following weeks, my awareness of my manual illiteracy only grew. I met a
carpenter at a flea market who was selling handcrafted tables and desks. He explained to me
that he used his tables to pay the bills while he pursued a comedy career in the evenings. I
envied his resilience. His woodworking skills were something no one could take from him.
Unlike my startup job, no one could tell him to stop making tables.Soon, my desire to re-
educate myself with basic making skills overshadowed my worry about finding a new job. I
found myself thinking that getting another job would just be a distraction to a bigger goal,
delaying the inevitable recovery of a missing vital element of my education.I wanted to do



something about it, but I wasn’t sure where to start. I decided to begin with the only lead I had:
Make: magazine. In addition to putting on the Maker Faire, Maker Media publishes a quarterly
how-to magazine filled with interesting projects and makers. It also publishes a popular website
and blog at .I wrote out a long email explaining my situation to the Make: editors, highlighting
my suddenly free schedule and dedication to learning the skills and tools that I felt I’d missed
out on. I proposed that I would do my best to become a do-it-yourself (DIY) industrial designer
before  �my savings ran out, and blog about my entire experience for the Make: blog. I packaged
the whole idea under the title “Zero to Maker in 30 Days,” and I sent it off.It was a shot in the
dark, but lucky for me, they liked the idea. And now I had a written commitment to follow
through on, regardless of how it turned out.What started off as a one-month commitment to
learn new skills turned into a life-changing journey. I quickly discovered that my initial trip to
Maker Faire was simply the tip of the iceberg. I continued to meet more makers—a growing
community of people who have adopted and rewritten the idea of DIY—and they were nothing
like I expected.Before I dove into making, I barely knew which way to hold a hammer. I wasn’t
sure if I could fit in or how the Make: readers would receive my eagerness to participate. All the
makers I had met seemed brilliant, whereas I felt like an average guy, genetically disposed to
being uncoordinated and uncreative. How was this going to work?I had some preconceived
ideas about makers: who they were, how they worked, and how they learned. I imagined the
process to be a long, lonely, and tedious study of engineering, tools, and science—skills I had
bypassed on the fast track to be more “marketable.” As it turned out, my initial assumptions
were completely off. I quickly realized that these preconceptions were, in fact, the toughest
obstacle I would need to overcome. When I recognized how unfounded they were, my own
inner maker was able to come crawling out of his shell.First, I learned how makers really
worked. My first trip to Maker Faire left me with the impression makers were lone geniuses,
toiling away in garages or workshops, putting countless hours into a project, repair, or invention
and coming together once a year at Maker Faire to show off their creations. This couldn’t have
been further from the truth. Making is definitely a team sport.Makers are, above all, a
connected and collaborative bunch. They meet online and share ideas on forums, blogs, and
discussion groups. They give away their designs and collaborate on projects with people all
over the world—the exact opposite of the competitive secrecy I had come to know in the
corporate world. They’ve pooled resources to create  �“fab labs” and “makerspaces,” which are
physical spaces that serve as hubs for sharing costs and maintenance of larger tools and
equipment. It didn’t take me long to understand that little of anything is being done “yourself.”
Making is actually not about DIY, but rather all about DIT, or Do-It-Together.The next realization
came when I began to learn about the new tools these makers were using. Before my
immersion, I had a sentimental notion that DIY was about bringing back a bygone era, a time
before hammers and nails were replaced with video games and iPads. I imagined DIYers to be
torchbearers, keeping alive the methods and craftsmanship that were marginalized by the
onslaught of computer screens and advertisements. I wanted making to help me connect with
something I felt had been lost over the past few generations—a part of being a self-sufficient
human that was missing from my life.In a way, makers are the guardians of this industrious self-
reliance I had hoped for, but together they’re so much more. They understand and respect their
place in history, as part of a long line of toolmakers and tool users. Although they keep
traditional knowledge alive, they are also busy inventing and bringing new technologies into the
world. And these are not your grandparents’ tools.The new maker tools are byproducts of
increasingly affordable computers, components, and sensors. They are fueled by the rapid
exchange of ideas on the Internet and are empowering individuals and small groups with a



whole slew of new personal fabrication tools. Laser cutters, 3D printers, and other computer
numerical control (CNC) machines (automated machine tools) are now affordable enough to
be purchased for a home or office workshop and capable enough to create customizable,
consumer-ready products. A product that 15 years ago cost hundreds of thousands of dollars
to prototype and produce can now be created with a downloadable file and access to one of
the numerous makerspaces that are popping up in cities all over the world.And learning to use
these new tools was shockingly easy, as I discovered. When I started, I predicted I would need
an industrial design or mechanical engineering degree before I could make anything useful or
valuable. I never imagined I could come so far in such a short  �period of time. In only a few
months, I was 3D printing, teaching others how to use the laser cutter, and designing basic
parts in computer-aided design (CAD) programs. I had started welding, working with sheet
metal, and creating plastic molds. I was clearly not a master welder and certainly not the best
microcontroller programmer, but I knew enough to get started. Anything I didn’t know—how to
use a machine, what material to use, how to assemble something—I could just pick up on the
fly. I learned skills as I needed them, depending on the specific problem facing me. And I was
never alone. All the makers I met seemed to specialize in one area or another, and everyone
was happy to teach what they knew. In fact, I discovered that everyone still had a lot to learn,
but we were all able to leverage one another’s skills and knowledge.As soon as I let go of my
misconceptions, I was welcomed into a community of possibility. I realized I was part of
something larger: a maker movement. I also discovered my experiences were not unique. This
is how all of the new makers were informally inducted. In exploring this new world, I saw a new
side of myself, a part that revels in the process of creating and sharing with others. I learned
what I was capable of, and it was far more than I imagined.Even though these observations of
“Doing-It-Together” and learning from one another were a revelation for me, I soon discovered
that this radical collaboration had been there from the start of this new maker renaissance—
rooted all the way back to an experimental class at Massachusetts Institute of Technology
(MIT) over a decade earlier.In 1998, MIT Professor Neil Gershenfeld and his colleagues
dreamed up a “fab lab,” an assembly of high-tech machines that could build other machines,
which he describes as using “supersonic jets of water, or powerful lasers, or microscopic
beams of atoms to make—well, almost anything.”22 Neil Gershenfeld, FAB: The Coming
Revolution on Your Desktop—From Personal Computers to Personal Fabrication (Basic Books,
2007).The biggest problem they encountered was that none of the students knew how to
operate the new tools, so they decided to teach a semester-long course that would serve as an
introduction to the fab lab. Thus, the class “How to Make (Almost) Anything” was born. �The
class was originally designed as a primer for a small group of advanced students, but quickly
evolved into something more as a hundred—from nearly every academic discipline—tried to
enroll. The class was a huge hit and was taught for many subsequent semesters. The
experience gave Gershenfeld a glimpse into the future of personal fabrication and much of
what he saw surprised him, especially with regard to how students were learning. In his book
FAB: The Coming Revolution on Your Desktop, Gershenfeld describes the scene in his
class:The final surprise was how these students learned to do what they did: the class turned
out to be something of an intellectual pyramid scheme. Just as a typical working engineer
would not have the design and manufacturing skills to personally produce one of these
projects, no single curriculum or teacher could ever cover the needs of such a heterogeneous
group of people and machines. Instead, the learning process was driven by the demand for,
rather than the supply of, knowledge. Once students mastered a new capability, such as
waterjet cutting or microcontroller programming, they had a near-evangelical interest in



showing others how to use it. As students needed new skills for their projects they would learn
them from their peers and then in turn pass them on… This process can be thought of as a
“just-in-time” educational model, teaching on demand, rather than the more traditional “just-in-
case” model that covers a curriculum fixed in advance in the hopes that it will include
something that will later be useful.The “just-in-time” learning model that Gershenfeld described
jumped off the page. It was exactly the way I had learned about making. And it wasn’t a
coincidence—this is how all makers learn.In my first entry on the Zero to Maker column, I
mentioned that my goal was learning enough to be dangerous. At the time, I had no idea what I
was getting myself into. I made the comment because I wanted to set the bar low enough that I
could achieve it. I didn’t expect to become a master of any of the tools, trades, or technologies.
Instead, I just wanted to feel them with my own hands and learn how they worked. I wanted to
see what was possible. �This turns out to be the best possible strategy I could have taken. After
talking to other makers, seeing how everyone operated, and reading second-hand accounts
like Gershenfeld’s FAB, I realized that was what everyone was doing: exploring what is
possible.In retrospect, it seems silly that I was ever nervous about getting started. There was
only one lesson I needed to learn. Actually, it was a choice. I had to choose to become a
beginner, to get comfortable with mistakes, to ask a lot of questions, and to seek out the right
teachers. After I crossed that bridge, everything else fell into place. Makers are a community of
beginners, and we’re all learning together.It’s easy for me to say, without hesitation, that my
quest to become a maker changed my life. But more than that, it has become my way of life.
The quest to re-skill myself turned into a fundamental rethinking of how I view opportunity. And
I wasn’t alone.What started as a series of garage inventions and side projects has turned into
a budding industry, with makers of all different shapes and sizes turning their fervor, skills, and
ingenuity into businesses and careers—turning their passion and creativity into entirely new
business models based on community and collaboration.The businesses take many different
forms. Some are a throwback to traditional craftspeople, artisans who create largely custom
and specific pieces of work for a small community of clients and customers. People like Joel
Bukiewicz, a knife maker in Brooklyn, discovered that there is substantial demand for his
handcrafted cooking knives. After struggling for many years to find work as a writer and
suffering a crisis over his career direction, Joel turned his attention toward making and quickly
fell in love with the process of creating knives. But his story isn’t a harrowing tale of a spurned
writer succumbing to isolation and madness à la Stephen King. Instead, in Brooklyn Joel
discovered a vibrant community of other makers who share and collaborate to support one
another’s businesses.When I asked Joel about his business, he couldn’t stop talking about how
valuable this environment has been to his development. As soon as he opened up a physical
store and showroom, his business took off. He was learning from his audience: what they liked,
where and how they  �were using his knives, and how much they would pay. It was more than a
store; it was a catalyst for building his community.Internet platforms like Kickstarter and Etsy,
combined with new creative communities like the one Joel discovered in Brooklyn, have
created a new economic infrastructure for these 21st-century artisans to prosper.Small,
community-oriented artisans are not the sole constituency of the movement. Makers are also
the driving force behind the proliferation of technologies and platforms like 3D printers, CNC
machines, and microcontrollers.When I was just getting started with making, I kept hearing
about 3D printing. Everyone was talking about it and I had no clue what it meant. It was
originally described to me as something very similar to a regular inkjet printer, except that
instead of putting ink onto paper, it lays down a thin layer of plastic. Layer after plastic layer, it
repeats the process until it has created an actual 3D object. The process continued to baffle



me until I actually sat down with a MakerBot and learned how to use it. At its core, the process
is as easy as clicking Print and waiting 20 minutes for your creation to appear inside the
machine. Watching the MakerBot in action helped me understand what all the commotion was
about; there’s something magical about printing out an actual, tangible object from a set of
digital instructions.The global community of hobbyists-turned-entrepreneurs has taken 3D
printing, a technology that once was only available to researchers and wealthy corporations,
and made it affordable enough to be purchased by an individual or small group and used in
homes and offices in addition to academic or corporate research facilities. In just a few years,
these consumer 3D printing entrepreneurs have turned finicky machines that barely worked
into an entire industry of powerful new design tools. The printers were just the tip of the iceberg
—the first wave. The same trend has now been replicated by nearly every other digital
fabrication tool. The maker tools are getting more affordable, more capable, and easier to use
every day.Large corporations are watching this trend, too, and are helping build the
infrastructure for distributive, small-batch manufacturing.  �Corporations like Autodesk have built
design software that enables new makers to quickly pick up the CAD skills they need to get
started designing parts and components. Companies like Ford are major partners in
makerspaces like TechShop in order to give their employees access to cutting-edge
equipment. They know that innovation comes from empowered front-line employees. By
encouraging their employees to tinker with projects they’re passionate about, the companies
are hoping to unlock creativity that previously had gone unrealized. Suddenly, making is
relevant for more than just the tinkerers and hobbyists who do it for fun. It’s a new skill set that
can help employees advance in larger organizations.These major trends—tech-enabled
individuals and community-based business models—are all pointing in the same direction:
opportunity. In a time when job and career uncertainty are at an all-time high, it’s refreshing to
see a budding industry (many industries, actually) with so much potential. The maker
movement is waiting for people like you to figure out what’s next. To use a skiing metaphor, the
mountain is covered with a thick blanket of fresh snow—you can go in nearly any direction, but
you have to carve your own path.This book is meant to be a map. My intent is to give you a
view of the maker landscape and get you up to speed as efficiently as possible. I have made
the transition from Zero to Maker myself in just a few months and witnessed countless others
do the same. Based on those lessons, I have created an easy-to-follow formula for avoiding the
pitfalls and hurdles that can hold you back. This book is meant to put you in a position to make
anything you want, even (and especially) your own business. It is designed to enable. Back to
the skiing metaphor, think of this book as the chairlift—carrying you over the freshly covered
slopes to give some perspective and dropping you off in a position to get started on your own
thrilling run. �2DIT (Do-It-Together)Ithought I was pretty original: starting from the very
beginning, getting back to the basics, and really trying to understand how things are made. But
about three months into my Zero to Maker journey, I came across a story that made my
approach and experience seem pretty tame. I learned about Thomas Thwaites and his heroic
attempt to build a toaster from scratch. He started with the rawest of materials—copper, iron
ore, melted plastic—and set out to end up with the cute little appliance that graces many a
kitchen counter.His story began in 2008 when Thwaites, then a student at the Royal College of
Art and Design in the United Kingdom, first hatched his now infamous Toaster Project.11 This
site—has links to the book, videos, and writings throughout the project.His inspiration was a
line of science fiction from Douglas Adams’s Mostly Harmless, one of the Hitchhiker’s Guide to
the Galaxy installments:Left to his own devices he couldn’t build a toaster. He could just about
make a sandwich and that was it.The presumption here is that we are looking at a bemused



human being on a distant planet, with outsized expectations to civilize the low-tech species
that inhabited the world. The hero, however, quickly realizes that without the support of the
entire human species, he cannot  �muster the technological know-how to accomplish the feat of
creating a toaster.This single line piqued Thwaites’s curiosity. Was Adams’s conjecture right?
Have we drifted so far away from the things we use that we are completely unable to re-create
the simple objects that are ubiquitous in our everyday life? Thwaites set out to test his theory
by building an appliance of his own. Not just a device that toasted bread, which could be done
by building some type of a fire-burning oven, but to fundamentally re-create the $3.99 toaster
(the cheapest model) in his consumer appliance catalog.I couldn’t get enough of Thwaites’s
story; I read through the blog, watched the videos he posted online, and read his book several
times. On a primal level, it seemed as if we were scratching the same itch: a lack of control, or
input, over the objects and technology that make up the world around us. We were both
coming to grips with our manual illiteracy, the disappearing fix-it mentality of our grandparents’
generation. But whereas I was dwelling in the sadness of my own missing knowledge,
Thwaites was highlighting a larger, more systemic point. The toaster seemed to have been a
perfect challenge: an everyday object most people use regularly without a single thought given
to its inherent ingenuity and utility.For Thwaites, the first step in the process was acquiring the
toaster he had in mind and breaking it down for parts. He needed to understand exactly what
he was trying to re-create. As soon as he started to dig in, more questions arose:…157 parts,
but these parts are made of sub-parts, which are themselves made of sub-sub-parts. Does the
variable resistor that controls the toasting time count as a single part? But it’s made of eight
sub-parts, so perhaps it should count as eight? Does a capacitor count as one part or eight?
After completely disassembling and laying out the nearly 400 components built from roughly
100 different materials, he quickly realized the scale of his endeavor.2 I knew exactly how he
felt. I had run into a similar quandary. With the vague goal of re-skilling myself, I quickly  �ran up
against the crux of my quest: What did I actually want to make? What tool or tool family should
I start with? Should I practice my woodworking skills or spend time learning about 3D printing?
2The Toaster Project: Or a Heroic Attempt to Build a Simple Electric Appliance from Scratch,
by Thomas Thwaites (Princeton Architectural Press, 2011, page 18).Thwaites wisely opted to
redefine the scope of his project, and decided he would re-create just the main operating
system of the toaster, or in Thwaites’s words, “the bare minimum from which I think I can make
a toaster that retains the essence of ‘toasterness.’ These are: steel, mica, copper, plastic, and
nickel.”Even after he scaled down his goal to re-creating only 5 of the nearly 100 materials,
Thwaites still had an enormous challenge on his hands. He had no idea where to get the
materials, or even where to start looking. His initial, simple question had evolved into an
exposition of how unthinkably hard it is to make anything, let alone do it by yourself.Following
bizarre leads and random tips, he traveled around the entire UK visiting abandoned mines and
digging up the raw materials. At one point, Thwaites attempted to smelt iron ore in his
microwave (something I strongly advise you don’t try at home). With every twist and turn of his
adventure, Thwaites’s Toaster Project emphasized the unfathomable lengths to which an
individual must go in order to find and use these fundamental building materials. By the end of
the extreme experiment, Thwaites created something that vaguely—in both shape and function
—represented the original toaster and, according to Thwaites, apparently worked for a brief
moment before the 240 volts pouring through unprotected copper wires annihilated the
fledgling device.The project was a huge success in proving the complex interdependency of
our world. Thwaites discovered that the novelty of Do-It-Yourself, or DIY, is misunderstood—or
as he phrased it, “The point at which it stopped being possible for us to make the things that



surround us is long past.” Thwaites’s toaster insights were a big revelation for me. His project
epitomized much of what I had learned over the past few months but had struggled to
articulate. Through my own determination to try to do things myself, I found a deeper
appreciation for how much  �we rely on one another. I realized that making anything, especially
the complex tools and machines that we use daily, requires a dense web of collaboration.
When I was able to accept that fact, my anxiety dissipated.Making is about sharing ideas,
tools, and processes. The most prolific makers I met weren’t the people who did everything
themselves. In fact, they were the individuals most skilled at navigating the web of collaboration
and adapting it to their will.Initially, the concept of DIY created a mental image of a lone
inventor toiling away in his basement workshop or a MacGyver-type know-it-all. It was precisely
that stereotype that kept me away from making for so long. I didn’t have an engineering degree.
I didn’t know how to use most of the tools in a workshop, and calling me “uncreative” would be
an understatement. I figured making was something I just didn’t get—it was for them and not
me. But making, as I discovered early on, was about the art of finding other people—seeking
out teachers, creating and joining like-minded groups, collaborating with strangers—and co-
creating together. As long as you have an initiative to get started, it quickly evolves to Do-It-
Together, or DIT.It is difficult for a new maker to fathom how it all fits together and even more
difficult to see how to contribute to the process. However, after a few basics are out of the way,
such as learning the maker lingo, finding the right people, and getting access to the
appropriate tools, the making quickly follows. The curiosity will lead the way.Speaking a New
Language“Excuse me…I’m sorry, you’re doing what?” I asked. Surely I hadn’t heard the
gentleman correctly.“We’re working on technology to apply 3D printing to home building,” he
replied. He went on to describe his business, in which they’re working to use cutting-edge
technology to create life-size homes from a printer—just like your inkjet printer at your home
and office, except much larger and capable of printing in three dimensions. He added an
important caveat by explaining that the project and technology were  �still in the theoretical stage
at this point, but my mind had been sufficiently blown.This was the first I had heard of 3D
printing. More strikingly, perhaps, this was the first conversation I had at the very first Maker
Faire I attended. That day, and all the sights and experiences that composed it, will be etched
into my mind forever.I had heard about Maker Faire from a number of people. Each one had
raved about the event. I would ask, “Maker Faire? What’s Maker? Is it an event, like a
conference?”Their responses were always somewhere along the lines of “Oh, you just have to
go.” Apparently, it was something to be experienced and not described. As soon as I saw the
advertisements for the May event, I made sure to block it off on my calendar.When the big
weekend finally rolled around, I was pretty excited to see what the buzz was all about. I
convinced my friend Peter, who was visiting from Germany, to join me. We decided to take the
Caltrain, about a 20-minute ride from San Francisco to the Faire grounds in San Mateo. On the
train ride down, we shared what we knew about the event and tried to predict what we would
experience.Despite our elaborate imaginings and discussion, the event wasn’t anything I had
expected, in size or impact. The gates were covered with colorful banners. The crowd was
amazingly diverse: families of all shapes and sizes and ages, some dressed up in full costume.
Despite the drastic demographic differences, all the attendees, from families with kids in
strollers to groups of young adults, wore the same expression of jovial curiosity about what
they might encounter that day. Peter and I got our tickets and proceeded through the grounds,
still trying to take everything in. Finally, after wandering into the middle, surrounded by makers
on all sides, we turned to each other and thought the same thing: where are we? We looked at
the program of speakers: “DIY Bio,” “Sugru,” “Solar Suitcases,” “Howtoons.” So much of it—the



people, the sights, and now the language—was foreign to me. I had no clue where to start. We
stopped at the information booth just inside the gate to try to orient ourselves. We asked the
woman behind the desk what we should  �see. She smiled with the same look my friends had
given me when they told me about the Faire—it was all worth seeing.Instead of pressing
further, we resolved to just wander around aimlessly. It was the wandering that brought me into
the conversation about 3D printing. I could see why my friends had such a difficult time
explaining the Faire to me. Even though I understood very little of what I was looking at or
hearing about, I felt strangely at home. Regardless of how little I knew about microcontrollers or
machining or steampunk, it was impossible to ignore the passion that each maker brought to
his or her project. Their passion bred curiosity and a desire to learn more, and the enthusiasm
that was created was infectious. I remember thinking how you don’t get to see this kind of
effusive creativity firsthand very often. I’ve certainly never seen it in any kind of office
environment or among a large congregation of similarly minded people.That first day at Maker
Faire was the starting point I was seeking. That initial spark of interest would turn out to have
an enormous impact on my life. It changed the way I now read and learn, the way I approach
problems, and my perception of what’s possible.Photo by Lucas Saugen �Photo By Lucas
SaugenPhoto Provided By Maker MediaTwo years after the initial encounter I looked up that
original program of speakers and exhibitors at Maker Faire. The same words—3D printing,
microcontrollers, servo-control—that had been so mystifying  �to me then were now part of my
vocabulary. The tools once completely foreign were now everyday objects in my life. And the
speakers and presenters were all familiar names, some of them friends I see on a regular
basis. In hindsight, I realize the acquired lingo accounts for a large part of confidence I have to
call myself a maker. It took me a long time and a lot of uncomfortable moments to figure it out,
but it didn’t have to.How to Speak MakerLearning the maker lingo is as important to
understanding the maker culture as speaking Spanish is to understanding Mexico. It’s fine to
read a few blogs or just go to Maker Faire, but if you really want to start making things, the first
step is to learn the vernacular. Fortunately, the maker vocabulary is much easier to pick up
than Spanish. The tricky aspect of the maker language is that many of the words are common
English that have been repurposed and reimagined by the maker community. For example, the
word “make” is one of the most common words in the English language, but that doesn’t mean
explaining Maker Faire to a first-timer will be any easier. The word takes on a whole new
meaning. “3D” and “printing” are both everyday words with their own associated mental
images, which don’t adequately describe the new technology used in maker circles. Becoming
aware of the new terms is the essential first step.Lesson 1: Get FamiliarHere are a few terms to
get you started—some of the basics. As you’ll notice, many of these words are already familiar,
but have been adopted by makers with slightly altered meanings.Making Creating and
exploring new possibilities by building and experimenting with tools, technology, and
materials.Maker Someone who makes or produces something; a person with a propensity to
tinker with and create the world around him or her. �Hack A modification to software or
hardware; an effective (but oftentimes inelegant) adjustment that solves a problem or fulfills a
need.Kit A set of prepackaged parts needed to assemble a product. Maker kits typically involve
electronics and robotics.Lesson 2: Ask Questions!This one took me way too long to learn.
When I began making, I was scared to ask questions. I thought I would sound dumb for not
knowing. Once I started, though, I realized that everyone was happy to explain until I
understood. Gradually, I gained more and more confidence in asking questions. Now I don’t
hesitate for a second.Unsurprisingly, I noticed this characteristic among all the veteran makers
I’ve met: they have absolutely no shame about asking questions, however obvious the answer



might seem—whether it’s how something works, what a word means, or a request to repeat an
instruction. When in doubt, ask!Lesson 3: Repeat Lesson 2Over and over and over
again.Surrounding Yourself with the Right PeopleYou become the average of the 5 people you
spend the most time with.—Jim RohnI love that quote. I don’t remember where I first heard it,
and I’m not sure from whom. I do remember, however, it being a complete revelation. I thought
back to jobs and phases of my life, back to college and high school. In each case, no matter
how much I had studied or how hard I’d tried, the skills or habits that took hold could be directly
attributed to the people I was spending time with. �I have since adopted this as a philosophy for
how to learn new skills. For me, relying on my own initiative doesn’t work; I need a foolproof
system that keeps me on track to my goals.Learning the lingo will only take you so far. To use
the Spanish language metaphor again, it might be possible to learn the language with only a
translation dictionary, but doing so sure wouldn’t be easy. A better way to learn is to practice
speaking with a native speaker or, better yet, go for an immersive trip to a Spanish-speaking
country. Making is no different. Thankfully, though, you don’t have to cross any borders to find
an immersive maker experience.When I first committed to getting started, I thought hard about
who I should try to spend my time with and, more important, how I was going to convince them
to let me hang around. Not surprisingly, many of the groups and people I sought were people I
met (or learned about) that first day at Maker Faire.I approached that day without specific
expectations or knowledge about the weekend—and almost no information about the hundreds
of exhibitors, performers, and panel discussions. But because it was our first visit, we wanted
to make sure we saw at least one presentation. We stumbled in just as Eri Gentry, who would
eventually become one of my maker heroes, took the stage to talk about BioCurious. The
tagline for the talk was “the Bay Area biology collaborative lab space.” Eri walked us through
slides explaining the core elements of DIY Bio—a grassroots movement of scientists and
amateurs who are working to create cheaper tools and provide access to anyone interested in
learning more or experimenting with science, and biology in particular. She provided
background information about the high barriers to entry for research, the expense of
equipment, and the need for a university affiliation. Then she took us on a photographic tour of
her lab—an actual makeshift laboratory set up in the Silicon Valley garage that she shared with
four other DIY Bio enthusiasts. She showed us pictures of fume hoods and other lab
equipment she and her collaborators had created mostly from off-the-shelf parts. I had no idea
what most of the equipment was, but after she put up the slides comparing the costs of
commercial equipment to their homebuilt counterparts, it was easy to see the value they had  �
unlocked. She went on to show videos of one of her roommates running experiments on
potential cancer treatments in their garage. When Eri shared that her roommate’s project had
received venture funding and moved into an actual laboratory to continue their research, I
knew they must have done something right.Her thorough, inspiring presentation couldn’t have
provided a better introduction to the subject and how low-cost, off-the-shelf tools had the
potential to support serious scientific research. It placed the maker movement into a new
context for me. Then Eri said something at the end of her talk that resonated even deeper: she
mentioned she had studied economics in college, which is exactly what I had studied. It took
me by surprise because I had presumed my education was actually a hindrance for making. As
she left the stage to make way for the next speaker, I walked over and waited in line behind a
few other audience members with unanswered questions. When Eri finally turned her attention
my way, I was steaming with curiosity. I introduced myself and stepped right in: “You mentioned
studying economics in college; how did you learn all this biology stuff? Did you get multiple
degrees?”“Nope, everything I’ve learned about science I’ve taught myself. Most of it I’ve had to



learn as I go,” she replied, referencing her BioCurious cohort.
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Éliton, “Five Stars. Excellent product! Highly recommend to everyone!”

JerryO, “Very good information on what to expect in this great environment. Very good
information on what to expect in this great environment. And also a great story of a new
beginning!”

Robert D. Watson, “Shallow depth, significant breadth. "Zero to Maker" is a true beginner's
guide to the topic of the Maker Movement. It is less that 250 pages, and you can read the book
cover-to-cover in only a few hours, so that should give you an idea of it's depth - it's shallow to
say the least. Those interested in continuing down the path to Maker will need siginificantly
more resources than what this guide can offer, but it does give you a little something to go on if
you think you might be interested, and want to learn more.There is zero in terms of step-by-
step or tutorial pieces in this book. Instead, it is a broad level overview of what it takes to
become a maker. It covers extreme basics - what is CAD? Why do I need a 3D printer? Many
will find this too basic, but for those who are buying the book for it's intended purpose, it is
likely a necessary thing. The topic selection, while shallow in depth, is fairly broad, covering
how to digitize and fabricate your products, but also how to bring younger makers into the
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hobby, and how to take your new devices and start a small business with them.Illustrations are
few and far between, but the text is well-written and engaging, and broken up into chapters and
very short subchapters so that it's easy to skip around if you are only interested in particular
elements. Not a bad choice, but not something you'll want to check out if you have any qualms
about the limitations of what it offers.”

atmj, “Great reference and many interesting places to start. Having a son into making things
(he owns 2-3D printers) and not being a maker myself, I’m at least on the periphery of this
movement. Having worked in manufacturing most of my adult life, this new twist of
entrepreneurship has been in my scope for some time. This book promised to give me a more
thorough view of what is going on and I have to say, this book does a passable job introducing
you into the movement. I have a lot of post-it-note tabs in it for further reference.Makers, are
not a new idea. If you are baby boomer we all knew people who were into woodworking or old
cars. In many ways this really is that same creature, a person that was passionate about doing
something that was other than their primary job. But this generations makers, are taking it up a
notch with the new technology. They are not limited by hand tools, machine or wood tools.
Instead they have a more fully featured set of tools at their behest, laser cutters, 3d printers,
etc. These new tools need not just hands to operate but digital files. So there are two steps to
learn. From the sounds of it, much of the software is free and easy to learn. Also many of the
pattern files to make things have been made open source as well.The impetus for this book
originated when the author lost his job due to common downsizing and contemplated what his
skill set allowed him to move on to. He felt he came up short and started pondering what other
skills would benefit him. This lead him to investigate the maker scene.The book chapters
are:***** Down the Rabbit Hole***** DIT (Do it Together)***** The Maker Mentality***** Access
to Tools***** Craftsmanship***** Digital Fabrication***** One to One Thousand***** Makers
Going Pro***** Making More Makers***** Making Something that Matters***** EpilogueRather
than going chapter by chapter in a nutshell the book chronicles the author’s research into the
Maker movement. Down the Rabbit hole talks of this and a project he worked on. He found
that rather than being shamed by not having the experience, ignorance is something you need
to admit to. Then move on and join a team or find your tribe to educate you. If you join into a
project to help, you will walk out with skills to help you on your next project. It is a spirit of
cooperation unseen from inventors in the past. Later he talks of patenting and the implications
of open source and legalities. But first you must dabble.Key here is buying kits and learning
what you want to learn and making what you are passionate about. If you don’t know look
what’s out there. Lots of references in this book. I have 9 post it note tabs:***** Magazines and
Maker Faires***** Terminology***** Quotes, some real gems here***** NPR features***** Step
by step instructions to approach becoming a maker***** Techniques***** TED talks: Three
great ones***** CAD software references and a bit on each***** Book references***** Many
technology referencesBut, a caveat, I do have a background in engineering, so this sort of stuff
really interests me. Thoroughly geeking out here. However, if you are at all interested in
starting, this is the book to do it with. Easy to read. Likely the software is easy to learn as the
author is not an engineer, so it’s really accessible. You’ve got to start somewhere. I bet you
have a project in mind.”

S. Dargin, “Beautiful Book and Excellent Introduction to the World of Makers. It starts with the
author’s story of looking for buried treasure in a cave filled with water using a remote operated
vehicle ROV, a mini sub of submarine.I’ve never heard of Makers till this book. It’s a great



introduction. Wow, I’m impressed and immediately looked for the closest events. It’s much
more than just making things, DIY. It’s more of community, or a DIT, Do it Together. Learning
self sufficiency is the drive for some that are attracted to becoming a Maker. At one point he
describes a Maker lab as a gigantic adult playpen.Being a Maker is a mindset the author
learned, and he describes his process in this book. He also shares tons of interesting stories
and resources. Fixing a blender, building a toaster, to deep fried egg yoks. It is an introduction
to the varied world of Makers, the events, the tools, and making it as a Maker.Physically this is
a beautiful book. It’s in color, has color pictures inside, has a high gloss cover, and beautifully
designed pages and layout. However, a few of photos are not high enough resolution to look
good. In particular, there is an Amazon review of a Vitamix, that I can barely read, it looks like
a screen shot.”

Jerry Saperstein, “Fascinating introduction to the “skills, tools, and ideas of the Maker
Movement”. This is an almost odd tour of the Maker and Making scenes. Frankly, within a few
chapters, it had me looking for a Maker Faire in the Chicago area. Sadly there isn’t one
oriented toward adult Makers. Author David Lang recounts his introduction to the Maker
Movement ultimately takes the reader on a tour of Maker workshops, introduces us to Makers
and the tools used by Makers. The last was fascinating and I have promised myself a visit to
local workspaces with the idea of pursuing an idea I’ve had for a long time. No, there are no
instructions in this book on how to build anything. It’s rather a guide intended to open the
wanderer’s eyes to the unicerse of Makers and Making. It sure succeeded in doing precisely
that for me.Jerry”

zen, “Inspiring and informative, a great read.. Inspiring and informative, a great read.Arrived on
time, in mint condition & well packaged.I wanted to take this direction before reading, now I'm
sure!This book not only makes good sense, as it is written in an easy to comprehend language
or style but is alsoa brilliant source of further learning via giving (hyper)links and resource
locations without expecting further payment.Got to love collaboration for the greater good
right? :)”

Bosco Gamiz, “Pleased to have read it (send to have finished it). I give the book 5 stars
because it is a very thoughtful and thorough peep into the maker movement. I have learned
much much more than I even expected to (and sometimes wanted to )”

The book by David Lang has a rating of  5 out of 4.3. 23 people have provided feedback.

Chapter 1: Down the Rabbit Hole Chapter 2: DIT (Do-It-Together) Chapter 3: The Maker
Mentality Chapter 4: Access to Tools Chapter 5: Craftsmanship Chapter 6: Digital Fabrication
Chapter 7: One to One Thousand Chapter 8: Makers Going Pro Chapter 9: Making More
Makers Chapter 10: Making Something That Matters Epilogue Index
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