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Having the right software can be 

like having a smart, hard-working 

shop assistant at your side. If you 

want to analyze a schematic, lay 

out a printed circuit board, design 

a 3D model, or build a website to 

sell your product, this guide to our 

favorite programs, tutorials, and 

platforms will help you get your job 

finished faster, easier, and better. 
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ELECTRONICS 
DESIGN
Software tools to help you design, 
simulate, and analyze circuits, 
as well as draw schematics and lay 
out printed circuit boards.

EAGLE
 $69+ \\ cadsoftusa.com
If you’re creating a printed circuit board (PCB) 
that’s more complex than an LED blinker, you’ll 
need a CAD program to create the Gerber files 
that PCB manufacturers expect. EAGLE is currently 
the common coin of the open hardware crowd, 
even though there’s a (small) price to entry for 
commercial use. EAGLE offers a modular CAD tool, 
but you’ll really just need the schematic and board 
editors to get started laying out your own PCBs. 

FRITZING
FREE \\ fritzing.org
Fritzing is the name both of an open source initiative 
to help create electronics and of a software package 
for designing projects. The program includes many 
common electronic components, as well as micro-
controllers, popular shields, and accessory boards 
you can drag and drop into your designs. Fritzing 
lets you switch between three views of your project: 
breadboard, schematic, and printed circuit board.

CIRCUITS.IO
FREE \\ circuits.io
Circuits.io is a web-based electronics design tool, 
but it’s also an online marketplace. You can design 
your board using their free editor, order copies of 
the board from them, or share your project for oth-
ers to order. Circuits.io includes design verification, 
so it’s very unlikely that you’ll design something 
that can’t actually be manufactured.

CIRCUITLAB
FREE \\ circuitlab.com
CircuitLab is both a circuit design tool/schematic 
editor and a circuit simulator. After you lay out 
your circuit, you can set the parameters of each 
component and run a variety of simulations and 
visualizations right in your browser. When your 
design is complete, you can easily share it with 
other users.

KICAD
FREE \\ kicad-pcb.org
If you want a truly open source CAD program for 
laying out printed circuit boards, KiCad may be your 
answer. It comes close to providing the workflow 
and functionality of closed-source CAD tools like 
EAGLE, but without the restrictions and cost. You 
may invest a little more in the learning curve, but 
that could easily change in the near future.

CREATIVE CODING
Languages and libraries for artists, 
designers, and musicians.

PROCESSING
FREE \\ processing.org
This open source programming language is 
ideal for working with graphics and for creating 
animations, interactive programs, and other visual 
software. Although Processing is based on the Java 
programming language, it’s much easier to learn, 
and a large number of artists, students, hobbyists, 
and designers have already mastered it.

OPENFRAMEWORKS
FREE \\ openframeworks.cc
OpenFrameworks is a collection of C++ libraries 
for “creative coding“ that work on all computer 
platforms and mobile devices. It presents a fairly 
unified interface for doing multimedia, computer 
vision, Arduino, and more. Think Processing for 
production.

PURE DATA
FREE \\ puredata.info
Pure Data (or Pd) is a visual programming environ-
ment for musicians who want to synthesize sounds 
to create new interactive instruments and environ-
ments. Pd “patches” are programs created by link-
ing audio inputs and outputs to graphical blocks 
that perform digital signal processing functions on 
the sounds flowing through them. Pd is an open 
source work-alike to the Max/MSP environment.
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drawing objects with your 
mouse, you program their 
shapes using lines of code. For 
example, cube([10,10,10]) will 
make a 10mm cube appear on-screen. 
Using Boolean operators, you can combine, 
subtract, and intersect objects to create much 
more complex models using constructive solid 
geometry. OpenSCAD can export your scripts 
as STL models for 3D printing.

3D PRINTER 
FRONT-ENDS
Utilities to control your 3D printer 
and to prepare your 3D models 
for fabrication.

REPLICATORG
FREE \\ replicat.org

ReplicatorG is a front-end for RepRap-based 
3D printers such as the MakerBot Cupcake CNC, 
Thing-O-Matic, and Replicator. It was originally 
created to support MakerBot printers, but can also 
be used with other RepRap-based printers. You can 
use ReplicatorG to load an STL model, then rotate, 
move, and/or resize it before “slicing," which pre-
pares the model for printing. Once you’ve sliced the 
file, you can send it directly to the printer or save it 
to an SD card for printing later.

CINDER
FREE \\ libcinder.org
Cinder is a C++ framework for “creative coding“ 
by artists and designers. It's comparable to 
Processing or openFrameworks but is targeted 
at a professional audience. Coding in Cinder tends 
to be a bit more complicated with the benefit of 
better performance and higher quality results.

3D CAD
Useful and inexpensive software for 
designing 3D models, for printing 
or otherwise.

SKETCHUP
FREE to $495 \\ sketchup.com
Previously a Google project, SketchUp is now 
owned by Trimble. It’s a design tool for modeling 
and presenting 3D objects. Out of the box, the free 
version isn’t suitable for generating output for 3D 
printers, but there are many tutorials online for 
installing a plugin that lets you export your designs 
to the req uired STL format. SketchUp presents a 
nice balance between ease-of-use and power.

123D DESIGN
FREE \\ 123dapp.com
This is part of the free 123D suite of tools from 
Autodesk. You can model objects using its easy-to-
learn interface, prepare your models for printing, 
export them to STL files, or send them directly to 
many popular fabrication companies.

TINKERCAD
$20+/month \\ tinkercad.com
Tinkercad is a web-based modeling program. With 
a WebGL-enabled browser such as Google Chrome 
or Firefox, you can run Tinkercad’s 3D user inter-
face directly in your browser. Build up your design, 
save it online, and share it with others. You can also 
send files directly to popular 3D printing services or 
download STL files for printing yourself.

OPENSCAD
FREE \\ openscad.org
If you like programming languages more than drag-
ging and dropping, you might prefer OpenSCAD 
to the other modeling tools out there. Instead of 
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MAKERWARE
FREE \\ makerbot.com/makerware
MakerWare is the latest front-end printing soft-
ware from MakerBot. It’s specifically designed 
for their newer models: the Replicator and 
Replicator 2. However, MakerBot has indicated 
that it may support the older Thing-O-Matic in a 
future upgrade. Unlike ReplicatorG, MakerWare is 
not fully open source, but the parts that do the 
heavy lifting (the mathematical calculations needed 
to “slice” the model) — the slicers Miracle Grue and 
Skeinforge — are. Unlike ReplicatorG, MakerWare 
can load more than one STL at a time.

REPETIER-HOST
FREE \\ repetier.com
This is a unique front-end for RepRap printers. Like 
the others, you can load STLs and arrange them as 
you’d like, and then slice and print an entire “build 
plate“ all at once. Repetier-Host can slice models 
using either Skeinforge or Slic3r. Unlike other front-
ends, Repetier-Host gives you three visualizations 
of your model: the 3D STL view, the layer-by-layer 
view of the G-code instructions that comprise the 
sliced model, and the real-time build view of each 
line of material as it’s laid down. If you want to 
explain how 3D printing works, give the demo 
using Repetier-Host.

PRINTRUN/PRONTERFACE
FREE \\ reprap.org/wiki/printrun
Easy to use and very fast, Printrun is a front-end for 
RepRap 3D printers. It doesn’t have all the bells and 
whistles of Repetier-Host, but its simplicity is quite 
appealing. You use Printrun to slice your model 
(by invoking Slic3r or Skeinforge), then send your 
model to the printer. In addition to a graphical user 
interface, Printrun includes command-line tools for 
working with print jobs.

WEBSITE DESIGN
Slick tools and tutorials to create 
attractive and highly functional 
websites.

TREEHOUSE
$25–$49/month \\ teamtreehouse.com
Earn achievement badges as you take interactive 
lessons in web and iOS design and development. 
Treehouse offers 700 instructional videos along 
with accompanying quizzes and code challenges, 
with the goal of bringing affordable tech education 
to the masses. 

POPCORN MAKER
FREE \\ popcorn.webmaker.org
The goal of Mozilla’s Webmaker platform is to turn 
web consumers into web makers. They’re working 
on several tools to make this happen, but Popcorn 
Maker really hits the spot; it’s a tool for remixing 
and remashing web video. If you think about how 
much learning and skill sharing is moving into 
video form, you’ll quickly realize the value of 
Popcorn Maker.

PAPER.JS & PROCESSING.JS
FREE \\ paperjs.org, processingjs.org
If you want to draw animated graphics on a web 
page, you’ve got quite a few options. If you want 
to avoid Flash and have your animations work on 
mobile devices, the field narrows considerably: the 
JavaScript frameworks Paper.js and Processing.js 
are good options. Use Paper.js if you want interac-
tivity; use Processing.js if you already know how 
to program in Processing.
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ZEN CART
FREE \\ zen-cart.com
Zen Cart is one of the world’s most popular open 
source online store programs. A 2003 fork from 
osCommerce, it’s PHP-based, uses a MySQL 
database, and is readily hacked and customized to 
meet your particular needs, with a wide variety of 
features available either natively or through free 
adds-on. Google its name, and the first three hits 
are from big commercial shopping cart providers 
who are trying to persuade you not to use it. What 
better endorsement could you ask for? Our pals 
at Adafruit have been using it since 2005, and are 
a great resource to help you get started. 

WORDPRESS
FREE \\ wordpress.org
WordPress (WP) is the most popular blogging and 
online content management platform in the world 
today. It’s free, open source software, written in 
PHP, and using a MySQL backend, which allows it 
to be installed on almost any web server. Overall, 
WP achieves an amazing balance between user-
friendliness and advanced customizability. Themes 
control how content is visually presented on a page, 
plugins offer extended functionality like search 
engine optimization and rich commenting, and wid-
gets allow for easy custom page layout. And WP’s 
extremely active user community is constantly 
working to tweak and develop them all. Great 
mobile apps are available for WP, as well, so you 
can take your blogging on the go.

MICRO-
CONTROLLERS
Software to get the most out of your 
Arduino or other microcontroller.

ARDUINO
FREE \\ arduino.cc
This is the software package you need to get your 
Arduino to do something other than run the pre-
installed “Blink” sketch. You use the Arduino IDE 
(integrated development environment) to write pro-
grams (known as sketches among Arduino users), 
and load them onto your Arduino board. Within the 
Arduino IDE, you’ll use a prettied-up variant of C++ 
that was inspired and informed by the Processing 

language. If Processing took Java’s graphical power 
and made it easy for kids, artists, and designers, 
Arduino did the same thing with C++’s power to 
make cool stuff with embedded devices.

PROPELLER
FREE \\ parallax.com/tabid/832/Default.aspx
The Propeller is a microcontroller unlike any 
other; it has eight cores (called cogs) running 
independently, in parallel, sharing memory and 
other resources. For quite a while you could only 
program the Propeller in Assembly or in a higher-
level language called Spin. More recently Parallax 
has provided tools for programming the Propeller 
using the open source C toolchain.

VISUAL STUDIO 
EXPRESS/NETDUINO
FREE \\ netduino.com/downloads
Despite the -duino suffix, Netduino is not Arduino. 
You can’t grab the Arduino IDE, plug in a Netduino, 
and expect anything interesting to happen. The 
“Net” in Netduino refers to .NET, Microsoft’s 
development platform. Many years ago, Microsoft 
tried an experiment called SPOT (Smart Personal 
Object Technology) that was probably a bit ahead 
of its time. Instead of being crushed up and spit out, 
Microsoft decided to put the whole thing out under 
the Apache 2.0 open source license — compilers, 
runtime, and tools — as the .NET Micro Framework. 
Even though it’s open source, you still need a devel-
opment environment, which is where the closed-
source Visual Studio IDE comes in. While it’s pos-
sible to develop Netduino programs with a 100% 
open source toolchain (using the Mono Project), it’s 
painful. Visual Studio Express gives you an easy way 
to develop and deploy Netduino programs.

ENERGIA (MSP430)
FREE \\ energia.nu
This is a port of the Arduino development environ-
ment (everything from the IDE to the compiler tools 
that run under its hood) to the Texas Instruments 
MSP430 microcontroller family. It feels just like 
Arduino, and you can pretty much use the same 
code you use on Arduino (though you’ll need to 
change your pin assignments to match the board 
you’re using). This is a great development envi-
ronment for exploring the inexpensive MSP430 
LaunchPad from Texas Instruments.
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PROGRAMMING 
FOR KIDS
Entertaining and useful programs to 
pique kids’ interest in software and 
make programming accessible. 

PYTHON
FREE \\ python.org
Python is a great first programming language 
(or scripting language). It’s clear, easy to get up and 
running, and the Python community has created 
lots of libraries that will do what you need. Python is 
an interpreted language, which means that you can 
write a program (or script) and execute it directly 
rather than compiling it into machine code. 

SCRATCH
FREE \\ scratch.mit.edu
This graphical programming language was 
developed at MIT to teach kids how to program 
and think creatively. By dragging, dropping, and 
connecting colored blocks, you can create games 
with animation and sound effects.

MIT APP INVENTOR
FREE \\ appinventor.mit.edu
Inspired by Scratch, App Inventor is a project that 
was originally created at Google to bring Scratch-
like programming to Android phones. Kids can drag 
and drop blocks together to create working pro-
grams, and then deploy them to Android devices. 
When the App Inventor project lead, Hal Abelson, 
finished his sabbatical at Google and returned to 
MIT, he brought it back with him.

MODKIT
FREE \\ modk.it
Intended to be intuitive enough for kids to use, 
Modkit is a browser-based Scratch-like program-
ming platform for the Arduino. Once you write a 
program by dragging and dropping colored blocks, 
you can examine the Processing code it generates, 
and edit it directly in Processing.

ALICE
FREE \\ alice.org
Not just for kids (but perfectly suited to them), 
this educational software from Carnegie Mellon 
University is aimed at teaching object-oriented 
programming in a 3D environment. Using the drag-
and-drop interface, students visually learn to ani-
mate 3D objects and become engaged in 
programming through storytelling. 

HAPPY NERDS
FREE \\ happynerds.net
Austrian software engineer Michael Kohl has 
put together this site as a resource dedicated solely 
to programming for kids. Under each category 
(Windows, Mac, Linux, Browser, and Books), 
Kohl provides healthy lists and links to learning 
resources. He writes, “It is our responsibility to 
equip children with the knowledge necessary to 
understand our world and to have a host of options 
in it and I believe that programming can play an 
integral part in this.”
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“Thinking like a programmer” 
is a great way to interact with 
your computer. Programming 
itself is satisfying because 
you can make whatever you 
can imagine. 

Breaking a problem down into concrete steps that 
you can then test out one at a time is part of the 
maker mentality. Thinking like a programmer will 
help you in other places too; for example, when 
you’re trying to solve math problems.
 SmallBasic is an introductory programming lan-
guage, based on Microsoft .NET. The language and 
its editor (also known as an integrated development 
environment, or IDE for short) is a free download. 
SmallBasic recipes are free, fun lessons you can 
use to teach yourself how to program computer 
graphics, make simple games, and do other things. 
Recipes are designed for kids ages 10 and up who 
have basic keyboarding skills.  
 In the screen shot (right), you can see an exam-
ple recipe called Pentagon Crazy. 
 To use recipes, you’ll also need to download the 
SmallBasicFun extensions and follow the instruc-
tions for installing them inside SmallBasic. These 
extensions add objects, examples, and more to 
SmallBasic itself, making programming easier and 
even more fun. Get them here: extendsmallbasic.
codeplex.com.
 SmallBasic recipes are part of the “Learn to 
Program Courseware” found at TeachingKids
Programming.org (TKP). You’ll find links to all of the 

software downloads, recipes, tips, and answer keys 
there. We also have videos of each recipe being 
coded line-by-line in the Teachers section of the 
TKP website.

h 

t

By Lynn Langit 
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HOW DO I GET STARTED? 
All the steps are listed on the TKP website, 
but we’ll also list them here:

1. Grab a PC with Windows XP, Vista, or 7 and 
.NET 3.5 SP1 or greater.

2. Download and install SmallBasic and the exten-
sions on your PC, or download our SmallBasicOnUSB 
zip file (makezine.com/go/smallbasiczip) onto 
a flash drive, unzip it and plug it in to your PC. 
Then click the SB.exe file to get started (no 
install required).

3. Browse the SmallBasic recipe library and pick a 
recipe to start with. Import the ID# into SmallBasic 
and start translating the English comments into 
SmallBasic code. We suggest you start with the 
SQUARE recipe and then work your way down the 
recipes page (recipes are listed from easy to hard 
on that page).

4. After you’ve 
translated each 
(single) line 
of English into 
SmallBasic code, 
RUN the code 
(using the F5 key) 
to make sure that 
your translation 
was correct.

5. Delete the English 
comment after 
you’ve got your 
code right.

6. Pick your next 
line to translate. 

Pick a line you can test by running your program. 
For example translate “Move the Tortoise 50 pixels” 
before “Make the Tortoise move as fast as pos-
sible.” You can also watch a short video on coding 
up a mini-recipe (called the Giant Tortoise) to see 
coding with SmallBasic in action: makezine.com/
go/tortoise. 

TIP Code with a friend: 
this process of working is 
called “pair programming.” To 
do pair programming, just take 
turns on the keyboard. One 
kid types while the other kid 
talks (that is, tells the kid who 
is typing what to type). Make 
sure you swap roles regularly 
— we suggest every 5 minutes 
or so. It’s best if you actually 
stand up and switch places 
as you go along.

I’M STUCK
When you get stuck, we’ve got many tips for you to 
try out. What to do depends on how you’re stuck. 

Error Message
One kind of stuck is that you get some error mes-
sage at the bottom of the IDE. For example, you see 
that the error says “14,12: Operation ‘Tortoise.Turn’ 
is supplied 0 arguments, but takes 1 arguments.” 
 For this kind of stuck we suggest you double click 
on the error message text (read it first!) and then 
click on the line of SmallBasic code that is causing 
the error. Take a look at the example (right side 
highlighted) and update as needed. You can even 
copy and paste the example from the documenta-
tion if need be. We call this “fake it ‘till you make it.” 
Your goal here is to get your code to run.
 You can always also just “Undo” until you get 
back into a state that will run and then try another 
SmallBasic word.

Unsure of What to Do
Another kind of stuck is that you don’t know the 
SmallBasic word(s) to use to translate one or more 
of the English comments. Here we suggest using 
the Ctrl+Spacebar keys to get a list of all possible 
words. If you know the Object (noun), but can’t find 
the Operation (verb), try looking at other Objects 
to see if a more appropriate Operation is listed with 
that object. For example, if you need to center a 
shape at a given x,y location, you would want to 
use the ShapeMaker object (rather than the Shapes 
object) as ShapeMaker includes an operation 
named CenterShapeAt(). 

Weird Results
Yet another kind of stuck is code that will run 
(meaning there are no errors shown when you try to 
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run it), but runs in a weird way, such as an all-white 
program window where you had expected to see 
the Tortoise or Turtle objects drawing something. 
This can be caused by a number of errors, the most 
common of which are incorrect End statements for 
Loops, Conditionals, or Subroutines. Check the posi-
tion of your EndFor, EndIf, and EndSub statements. 
(Again, you may want to use the Undo feature to 
get back to a runnable state.)
 You can also use the Cheat Sheet provided for 
each recipe, which shows you the SmallBasic code. 
It also indicates which lines of English should be 
translated into code first, so you can actually see 
the results as you go along.

Here’s an example of what you can turn a square into with just a few changes to your code. 

Lynn Langit is a professional programmer and technical educator, and is also co-founder of TKP, a U.S. nonprofit. She authors and teaches courseware for 
data solutions. Lynn blogs at LynnLangit.com and TeachingKidsProgramming.org.

ON MY OWN
After you finish translating a particular recipe, you 
can tinker with the code to make it into something 
slightly (or even very) different than what you 
started with, e.g., change a square into a spiral. 
Look at the “Variation Images and Information” 
section for each recipe for suggestions, cheat 
sheets, and more. 

BEYOND SMALLBASIC
If you click the “Graduate” button in the IDE it 
will translate your code to VisualBasic.NET. To 
edit VB.NET you’ll need the Visual Studio IDE. 
Download either VB Express (free), or sign up for 
DreamSpark to get a full version of Visual Studio to 
work with. 
 At the TKP site there are also recipes for other 
programming languages (such as Java, T-SQL 
for databases, and more). There are lessons for 
Microsoft Kodu as well — a programming language 
designed for children as young as 6 to get started 
creating worlds and games via visual programming. 
 Enjoy working with SmallBasic Recipes!

We know that you'll be making cool stuff with SmallBasic, and we want to see and share what 
you’ve done. You can publish your variations by clicking the Publish button in SmallBasic. Then 
you’ll get an ID number. You can share that ID with your friends and they can see your varia-
tion and work together with you on making your program even cooler.
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By Eric Rosenbaum and Amos Blanton

Kids get wide-eyed when they realize they can 
make music just by tapping on a row of bananas. 
Adults start jamming out on classic tunes, and then 
inevitably somebody discovers that they can play 
a sound by connecting two people: a high-five, 
or even a kiss, can trigger a cymbal crash. 
 It’s all possible thanks to MaKey MaKey, a 
new invention kit developed by Jay Silver and 
Eric Rosenbaum. First you alligator clip everyday 
materials like bananas, Play-Doh, or your grandma 
to the MaKey MaKey circuit board. Then you 
plug it into your computer, which thinks MaKey 
MaKey is a USB keyboard. Now, when you complete 
a circuit through the bananas (or anything even 
a tiny bit electrically conductive), the computer 
thinks a key has been pressed. 
 MaKey MaKey works with just about any soft-
ware you’ve already got, because it works like a 
keyboard that lets you make your own keys (it can 

click and move the mouse cursor, too). You can play 
games on a controller drawn in pencil, make music 
with fruit, advance your PowerPoint slides by taking 
bites from a pastry, take a picture of your cat when 
it takes a drink, or navigate Google Earth with your 
bare feet (check out the video at makeymakey.com 
to see lots of fun examples).
 One of the most powerful ways to use MaKey 
MaKey is to combine it with Scratch, a free and 
easy-to-use graphical programming language we 
helped create as part of the Lifelong Kindergarten 
group at MIT Media Lab (see scratch.mit.edu). 
Scratch lets you make stories, games, and ani-
mations just by snapping blocks together on the 
screen. It’s easy to make things happen when a 
key is pressed. There are few limits to what you 
can create with Scratch and MaKey MaKey. Here 
are a few projects we made to get you started.
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 We made a piano in Scratch, with different notes 
triggered by the up, down, left, and right arrow 
keys, by the space bar, and by a mouse click. Each 

banana is plugged into one 
of those inputs on the 
MaKey MaKey. To connect 
the person to ground so they 
can complete the circuit, 
we like to use a lime.

 What other musical instruments could you 
make? Lots of different types of fruit, vegetables, 
and other food will work for making pianos. You 
can play with other sounds, too. Can you make a 
drum kit out of cheese? How about a squishy sound 
effects machine made out of a few marshmallows?

How do you make a banana into a piano key? First 
we’ll set up MaKey MaKey so you can complete a 
circuit by touching a banana.
  Connect yourself to ground, 
and a banana to “space” on the 
MaKey MaKey. Now, when 
you touch the banana, the 
computer thinks the space 
key was pressed.
 Next we’ll set up Scratch to play a sound when 
you press the space key (or touch a banana).
 Just put these blocks (above) together in Scratch, 
and when you press the space key, it will play a 
piano note.
 Now that you’ve got one banana working, we can 
set up some more keys and play some tunes! 

BANANA PIANO
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We imported the GIF into Scratch, creating a sep-
arate costume for each frame. (In Scratch, objects 
that perform functions are called sprites, and each 

frame of a sprite is a 
costume.) Then we used 
Scratch blocks to advance 
to the next costume at 
each rock, creating the illu-
sion of movement — just 
as Muybridge discovered. 
The faster you rock, the 
faster the horse runs.

 What else could you control with your own rock-
ing horse? Maybe it needs a carrot you can feed 
to it, or some head-mounted lasers. 
 What other toys can you turn into controllers for 
your own games in Scratch?

Tired of the usual game controllers? We decided to 
make a wooden rocking horse into a whole new kind 
of controller using MaKey MaKey and Scratch. First 
we made two simple switches 
that close when pressure is 
applied — we made ours out 
of clothespins and foil. We 
attached one to the front and 
one to the back of the rocking 
horse’s rail. When the horse 
rocks, the clothespins press 
together, completing a circuit 
so that MaKey MaKey presses 
a key.
 For our Scratch animation, we used an animated 
GIF of a horse running made from photographs cre-
ated by Eadweard Muybridge back in the 1870s. 

ROCK-AND-ROLL 
ROCKING HORSE

Each time the horse rocks 
to the back or the front, 
Scratch steps the animation 
forward by one frame.

What else could yo
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