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Integrated Design Environments (IDEs), notably the Arduino system, are a powerful new way for 

designers and design educators to enter the crucial industrial design (ID) field of physical 

computing.  This article provides some background on the need for design in this field, the 

barriers to entry, and the development and popularization of IDE systems.  It also discusses the 

unique challenges of teaching and learning using these complex new tools.  

 

For decades. it’s been a stock in trade for designers to predict and visualize new ways of 

interacting with new technology.  It’s always been designers’ job to propose the ways people 

might want to interact with complex systems—to show and demonstrate new possibilities, and 

if necessary, to do so well in advance of industry’s ability to profit from or even provide the 

experience proposed—as with the demonstration of Dreyfuss Associates’ video telephones at 

the 1964 World’s Fair.i Now, however, the accelerating rate of technology development has 

begun to leave the designers behind. Technology has become so prevalent and development 

cycles so quick that technologies often outrun the ability to incorporate them into well-designed 

products.  One result, which most designers are all too familiar with, is a huge number of 

marketed technological products with serious usability and human-interface problems.  

Another, less often appreciated result is a pool of new technologies that have yet to be fully 

exploited—technologies which are reliable and inexpensive enough to be pervasive, yet remain 

solutions in search of an application. MEMS accelerometers, for example, were largely hobbyist 

curiosities until designers caught up and found ways to make them indispensable in the Wii and 

the iPhone. 

 

Development of the tools and technologies underlying new digital systems has accelerated to 

the point where, as the writer William Gibson put it, “The future is already here—it’s just not 

evenly distributed.”ii  All the necessary technology already exists to interact with intelligent 

systems in new, intuitive, transparent, meaningful ways.  Exploration in this field is referred to in 

aggregate as “physical computing”—the idea being that there are terrific new ways to interact 

with intelligent systems using objects and the physical environment, far beyond mice and 

touchscreens. Industrial designers, who define themselves as experts in the relationship 

between humans, objects and technology, should rightfully be the pioneers of physical 

computing—but in reality the design of these systems is still progressing much more slowly than 

the enabling technology, because designers aren’t being effectively taught to find and use the 

tools they need to confront and master new digital technology.  

 

In any good, iterative design process, ideas have to be prototyped and tested to be evaluated- 

and this has been extraordinarily difficult to do with intelligent interactive systems.  Tools such 

as drawings, appearance models and mockups work well for designing static objects, but fail 

completely to capture or document the time-based interactions that are the basis of intelligent 

systems.  How do you design and test a gesture? How about a beep?  How do you specify to an 

engineer the difference between a ‘flashing’ light and a ‘pulsing’ one? Until very recently, any 

answer not involving mime was terribly time-consuming and required the involvement of expert 

engineers and programmers. It was recognized that prototyping new ways to work with 

computerized devices was potentially a valuable activity—but it required teams of designers and 



engineers operating in specialized, funding-rich walled sandboxes such as the MIT Media Lab.  

The technology was expensive, highly-trained people were needed to use it and sharing 

information was awkward. These factors combined to limit user-interface development to well-

funded, localized research centers. Physical computing was difficult in a professional design 

environment, but time, expense and barriers to collaboration made it almost impossible to 

incorporate in design education.  

 

Very recently and unexpectedly, the arrival of inexpensive open-source hardware and software 

Integrated Design Environments (IDEs) has offered an escape from this situation.  These systems 

have made physical computing prototyping and iteration easy enough that it can be taught, 

basically, in a few class sessions. In addition, information-sharing-and-finding utilities such as 

Flickr and Google have swept away many of the barriers to communication and information 

sharing, democratizing the process and making it possible for non-engineers- and for that 

matter non-designers—to do a very credible job of quickly developing, testing and 

demonstrating compelling new interactions with information and machines.  

 

It is now possible for students to design, test and develop fully interactive, intelligent systems in 

a few weeks.  The necessary tools and supplies cost less than a hundred dollars, putting them in 

reach of student budgets and making experimentation less risky and failure more thinkable. 

 

In a classic example of ‘be careful what you wish for,’ however, the easy availability of these 

new physical-computing tools has presented educators with a challenge. It’s a hard sell to 

convince design educators that there is yet another set of skills necessary for graduates to 

function as mature designers, when there’s already so much that needs to be taught.  When 

serious money and engineering talent were required- just five or seven years ago- educators had 

the perverse luxury of ignoring physical computing as out of reach. 

 

Now, with the democratization of physical computing, it’s become more analogous to drawing 

or use of shop tools.   If design educators fail to teach this, students are still going to pick it up 

on the street. They will do it, and they will doubtless be asked to do it professionally, but they 

may do it ineffectively or incompetently, and they won’t know how to use the tools within the 

context of a disciplined design process. It can be argued that educators now have the burden of 

teaching these tools to ensure their effective, responsible use and ensure the ongoing credibility 

of the profession.  

 

 

What are these tools and where did they come from? 

 

To appreciate the particular issues and difficulties of design teaching with the new IDE systems, 

some background and description of how the systems came to be are necessary—although the 

following is not intended to be an exhaustive history.  

 

Designers have wished for a simple, inexpensive system for designing custom interactions with 

computers for decades. In the far-distant past of interface development (1987)iii, the 

programmer Bill Atkinson arguably developed the first interface-development tool intended for 

a general audience, Apple’s Hypercard.  The program allowed quick, easy prototyping of simple 

on-screen interfaces with information by adopting the metaphor of a “deck of cards” which 

were reshuffled by hyperlinks added to the “cards.”   This system was gradually supplanted by 



more complex interface-authoring systems like Adobe (then Macromedia) Director and then 

Flash, which used cinematic interface metaphors of “timelines” with “frames” representing 

screen-states.   Of course, these were still almost entirely screen-based systems; early 

experiments in physical computing relied on “kitbashing,” hacking and modifying standard input 

and output devices such as keyboards to approximate the form and function of innovative 

interface devices. “Input-output” boards were available, but they tended to be expensive, 

intended for the control of scientific equipment or industrial processes, and limited to working 

with very specific hardware and software combinations. 

 

In 2001, the first breakthrough came.  As a reaction to the expense of proprietary multimedia 

development environments like Director, Ben Fry and Casey Reas developed Processing. 

(Ironically, in John Maeda’s Aesthetics and Computation Group at the MIT Media Lab).iv  

Processing was a graphically-oriented programming language.  In terms of user interface, it was 

no great improvement on other languages and in ease-of-use terms represented a step back 

from graphical environments like Flash. Code had to be painstakingly entered by hand, 

according to an arcane set of syntactical rules. Small errors stopped the program cold and 

required debugging.  Would-be software writers had to understand recursion, dependencies 

and all the other baggage of software coding.  But Fry and Reas decided to make Processing 

open-source, and that made it a whole different animal.   

 

• It was free, as in free beer.  This made it an instant favorite among cash-strapped students and 

with educational institutions, which could adopt it immediately at will, rather than in a few seats 

after a lengthy budgeting and acquisition process.  This meant a lot of people started using 

Processing in short order.  

 

• It was also free as in free speech.  Nobody owned Processing. It ran on all the popular kinds of 

computers and anybody could use it, change it or improve it. This led to a chain reaction of use 

and usability, which was the really revolutionary thing.   Internet forums let successful users 

post code they wrote, and others were free to modify it and use it as “boilerplate” in programs 

they were writing, because it was nobody’s exclusive intellectual property.   It became possible, 

and even easy, to learn programming by example and by modifying and combining parts, rather 

than by creating new code from first principles.   

 

All these developments made the design of interfaces for use on screens radically easier to 

prototype and test, but they did nothing for those who wanted to interact with users in the real 

world.  In 2003, Humberto Barragán, then at Interaction Design Institute Ivrea, adapted the 

Processing language into one called Wiring, which allowed users to upload small programs to a 

small circuit board custom-built to work with it.  The board was, in effect, a small computer that 

could be attached to a huge variety of sensors, motors, switches and effectors to prototype 

smart systems fairly inexpensively.  Alternately, it could be used as a remote sensor or controller 

for a more powerful computer.  The Wiring board was open-source- that is, its specifications 

were available for anyone who wanted to make them, use them or sell them- but they were still 

fairly expensive and complex.    

 

The last crucial piece of the puzzle was put in place in 2005 by four other instructors at Ivrea.  

They adapted the Wiring language into one they called Arduino, after Arduino d’Ivrea, an early 

king of Italy, and they developed a new circuit board.  Also called Arduino, it was smaller than a 

deck of cards, and fully assembled versions sold for under $30 U.S.  Despite the fact that it was 



still sold without a case, it was a profound usability improvement and philosophical break from 

all the physical-prototyping hardware that preceded it. Rather than being optimized for the 

needs and priorities of engineers, with lots of capability realized at maximum efficiency, the 

Arduino board was optimized for the needs of designers, with maximum simplicity and 

convenience at minimum cost.  The software and hardware worked together—Arduino was a 

complete software-hardware system. Where before students might have been leery of risking a 

valuable interface board on an untried setup, Arduino could be duplicated, or if necessary 

replaced, for pizza money.  Design instructors without equipment budgets could simply tell 

students to buy their own boards and download the software.  Arduino boards weren’t even 

equipment anymore; they became design supplies, like pencils. 

 

Over the next few years, Arduino became the IDE of choice for those having or imposing a first 

experience with physical computing.  More than 120,000 boards have been sold worldwide to 

date,v which is impressive for a specialized technology.  Google returns two and a half million 

results for “Arduino,” precious few of them about the Italian king. The Arduino tag on Flickr, as 

of June 2010, returns 35,000 hits; there are more than 116,000 bookmarks on del.icio.us, and 

5,570 project videos show up on YouTube.   

 

There are a few paper books available, but for the most part this Internet frenzy is itself the 

textbook for Arduino.  Almost anything a student might want to do has been done in some form 

somewhere, so the practical, modern way to work on a physical computing problem is to surf 

around, grab pieces of code and circuit specifications, recombine and modify them, iterate and 

then post your own results so the process can continue.  

 

 

Since its introduction, the Arduino hardware has spawned a huge number of variations, 

branches and imitators, of which these are only a few of the most compatible: Freeduino, 

Illuminato, metaboard, Seeeduino, eJackino, Japanino, Wiseduino, ZArdino, Boarduino, 

Ardweeny, LilyPad Arduino (It’s washable!) iDuino, Sanguino, LEDuino, Stickduino, NB1A, 

JeeNode, Amicus 18, Pinguino and LeafLab Maple.vi  

 

The basic Arduino software has also evolved a number of additions and special-purpose projects 

including: 

• Fritzing, a graphic environment for simulating and documenting physical computing circuits, 

based in Germany. 

• Funnel, a Japanese software toolkit for filtering and processing information moving to and 

from Arduino and other sources. 

• Firmata: An open-source communications protocol between Arduino and other software and 

hardware systems.  Notably, it allows Arduino boards to communicate directly with Processing, 

Flash and Max/MSP, without requiring writing custom Arduino software.  

• Amici: A visual interface for generating Arduino code, initially intended for use by children. vii  

 

Challenges to Learning and Teaching 

It’s undeniably useful for students to learn to use open-source IDE tools. It can also be argued 

that open-source, increasingly, is the way many design processes will work in the future, and 

teachers and students alike should get used to it.  These systems, though, can be a difficult new 

landscape for design learning, full of counterintuitive dynamics and incomplete connections. 



They come with a specific set of issues participants should know about and compensate for at 

the outset.  

 

1) The Tools: Always in Beta 

One of the greatest strengths of open-source IDEs is also perhaps their biggest weakness:  

They’re always “in beta”—that is, they are permanently subject to revision and improvement, 

and availability is generally privileged over reliability.  Even when a system is thought to be 

finished and stable, there are no guarantees and there’s literally no responsible party when 

things don’t work as advertised because the system has been assembled by a loose group of 

volunteers from across the globe who, in many cases, do not even know each other.  Just when 

educators get used to something, how to use it and how to teach it, it’s changed.  Often for the 

better, sometimes seemingly just because. Before teaching an IDE class or project, all the 

examples and teaching materials from previous courses need to be examined, updated and 

rigorously tested.  It can be embarrassing to teach a technique that no longer works because it’s 

done the “old way”—and the old way may be only a few weeks old itself.  Open-source IDEs are 

a bane of university IT departments.  They’re unreliable, not built with security in mind and new 

versions of the software may be released several times over the course of a single semester.  

 

2) The Tools: It Takes a Kit 

As the lists above show, IDE hardware and software is an endlessly ramifying collection of 

competing, half-functional, semi-obsolete approaches.  Recognizing the wonderful new tools 

and telling them from the dead ends, technical quagmires and abandoned projects can be tricky.  

Any IDE is just a gateway to working with the entire universe of electronic and mechanical 

devices.  It’s impossible for any student or any teacher to be able to tell ahead of time what will 

work and what’s likely to fail—and the huge penalty in time and money needed to operate by 

trial and error can make students unwilling to do the iteration and experimentation that 

improves designs.   For this reason, it can be crucial to develop a pre-tested “kit” of software 

and hardware “parts” and assemblies that are highly unlikely to fail—and also to impose 

engineering limits (for instance, on project size) to control the potential for mechanical and 

electrical failures.  

 

3) The Process: Demo or Die 

Physical prototyping IDEs are impressively technical and complex.  When students get one up 

and running, it looks like they’ve really done something. It’s imperative to convince students, 

however, that IDEs are as empty of intent as a blank sheet of paper.  Inexperienced design 

students often believe that they are accomplishing useful design work just by setting up an IDE 

and running examples, and the massive amount of online documentation lulls them into 

believing iteration and analysis of failures can be reduced or eliminated from the design process. 

Nothing could be further from the truth.  Students must live by the Media Lab’s ‘demo or die’ 

rule: If they propose something, they must be able to demonstrate at least a basic version of it 

within a very limited time to avoid the last-minute revelation that something that seemed 

simple is in fact surprisingly hard to accomplish. The nasty surprise must be encountered as 

soon as possible if a solution is to be found.  

 

4) The Process: Go Around the Wall, Not Through It 

Students working on physical computing run into both design problems and technical problems.  

Design problems are usually subject to solution with the tools at hand.  Technical problems 

might just be too difficult to resolve.  Educators occasionally have to intervene and insist that 



students give up on technical approaches that are consuming too much of their time and effort, 

convert technical problems into design problems and adopt less technically challenging 

strategies that may be more workable. 

 

5) The Tools: 3 Rs 

Interactive prototypes have to be tested with live users.  To be testable, they have to be robust, 

repeatable and reliable.  Just because an installation worked once doesn’t mean it will do it 

again.  Leave it running overnight, let the people in the hall try it.  If it’s not broken in the 

morning it’s ready to test.  

 

6) The Process: Privilege Experiences over Expediency 

Design is about people. We are not engineers. Students have to have success clearly connected 

to the human experience; otherwise, they may take the path of least resistance and create 

systems that are technologically efficient rather than ones that provide a great new interface for 

people. Educators must set up a physical-computing project so the project brief is a human-

testable problem where success is clearly visible. Project briefs like this example can work well: 

“Create a software/hardware system that: 

• Provokes user reactions by moving, or moving parts of itself, in a space. 

• Understands and interprets motions made by users 

(use physical and informational affordances and constraints to organize 

this) 

• Responds to users in an understandable way that involves them more fully 

and immersively with the system. (create a positive feedback loop).” 

 

7) The Process: Disallow the Traditional  

In the ten-year experience of physical computing faculty at Philadelphia University, students 

generally view interfaces with computers through the lens of those interfaces they already 

know.  Perhaps because, by definition, they haven’t used anything else. Therefore a key 

constraint in a project intended to uncover new ways to interact with technology is to remove 

the temptation to do things the old way.  Students at Philadelphia are not allowed to use 

keyboards, LCD screens, video projectors or mice in their projects; all inputs and outputs are 

homebuilt. In addition, the way students talk about interfaces has to be noted, inspected and 

corrected constantly, to demonstrate that the terms of the discussion can determine the design 

solution; for instance, the phrase “where do we put the buttons” has already decided that the 

control surfaces will be buttons.   

 

In Conclusion 

Physical  computing is a hard thing to teach, and even harder to learn, but industrial designers 

no longer have a real choice. We need to learn to function and thrive in the world of iPad and 

Wii, one in which computers, networks and electronic information are becoming more and more 

ubiquitous.  If we don’t, we risk sending our profession on a slow slide into irrelevance, 

concerned increasingly with the design of things peripheral to people’s lives.  If, instead, we can 

pick up these difficult new tools we’ve been gifted with, we’ve got a chance at transforming and 

improving the human experience- which is generally why students become industrial designers 

in the first place.   
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