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OUTLINE

• Why is prototyping important?

• Arduino

• Digital I/O

• Analog Sensors

• Actuators

• State of the art research
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WHAT IS A PROTOTYPE?

• Prototyping structures innovation, collaboration, and creativity in 
the most successful design studios (Kelley and Littman, 2001)

• Designers use prototypes as physical representations of ideas, 
effectively externalizing cognition and facilitating a “conversation 
with materials” to uncover surprising problems or generate 
suggestions for new designs (Schön and Bennett, 1996).

• Prototypes also serve as artifacts that represent tacit knowledge 
of developers as a communication tool to clients or other 
members of a design team (Schrage, 1999).
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THE NATURE OF 
PROTOTYPING

• Problems and solutions co-evolve (Dorst & Cross 
2011)

• Subproblems are interconnected (Goel and Pirolli 
1992) 

• Constraints are often negotiable (Schön 1995)

• Solutions are not right or wrong, only better or 
worse (Rittle and Webber 1973)
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ITERATIVE DESIGN

Design Prototype

OK?

Evaluate

Redesign

What is wanted
Interviews

Ethnography
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Implement and 

deploy
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MORE ITERATIONS = 
BETTER DESIGNS

U
sa

b
ili
ty

Iteration

Removing
interaction bugs

Reconceptualizing
the interface

(Nielsen, 1993)
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PARALLEL PROTOTYPING 
LEADS TO BETTER 

DESIGN
• Study comparing parallel to serial prototyping

• Parallel prototyping outperformed Serial by all 
objective performance measures

• Parallel prototypers had more divergent ideas

• Parallel prototypers react more positively toward 
critique

[Dow, 2010]
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DESIGN SPACE OF INPUT 
DEVICESAnalysis of the Design Space of Input Devices . 107

Linear Rotary
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Fig. 4. A broad range of input devices plotted on the taxonomy. Devices previously classified by
Foley, Wallace, and Chan [15] and by Baecker and Buxton [4, 7] are indicated by triangles,
squares, and hexagons. Hexagons indicate devices included in both previous taxonomies. Other
devices, indicated by circles, include the radio devices described previously and some unusual
devices to demonstrate the generality of the taxonomy.

devices: one device that is itself the merge composition of two elementary
devices sensing change in X and Y, and three other devices that are simple
buttons. The placement of the X and Y circles to the right of the column
indicates nearly continuous resolution. The location of the button circles to
the left indicates controls with only two states.
To demonstrate the coverage of the taxonomy, we have reclassified the

devices listed by Foley, Wallace, and Chan [15] and by Buxton and Baecker
[4, 7] (see Figure 4). With the exception of voice, we have been able to
position all of the devices considered so far. Furthermore, it is possible to
generate potential new devices by placing circles in various cells of the

ACM Transactions on Information Systems, Vol. 19, No. 2, April 1991.

[Card, 1991]
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ACM Classification: H5.2 [Information interfaces and 

presentation]: User Interfaces. - Graphical user interfaces. 

A7)7,"5&+7,8*B&Design:&Human Factors &

C74D(,%*B Tools, rapid prototyping of physical interfaces, 

sketching of interactive physical forms. 

6E;!FGH';6FE&

Paper prototypes, sketches, and other early design proto-

types are an important first step for many GUI designers. 

One reason they are valuable is the speed with which they 

can be constructed, tested, and thrown away or modified 

[17].  This allows early communication and discussion 

about potential designs both with users and with other 

product team members.  Early, rough forms can be particu-

lar valuable because of the way end-users react to them: 

they are often seen as unfinished, inducing end users to 

provide richer design suggestions [11].   

However, as computing moves off the desktop and into 

other physical forms, paper prototypes have become less 

complete [14], interactive prototypes tend to be limited to 

fixed forms, such as existing mobile devices [13], and rapid 

prototyping tools are likewise limited. As a result, design-

ers tend to be constrained to either create prototypes that 

look like the final product (either physically, e.g. using me-

dia such as foam mockups, or visually, e.g. using tools 

such as Flash™) or work like the interactions envisioned 

for the final product (e.g. an on-screen simulation).  As a 

result, as illustrated in Figure 1a, the design process often 

involves a splitting of form and interactivity early, with 

only a gradual combining of these into a full product de-

sign.  This results in a less fluid process with potentially 

slower and weaker communication and iteration.   

The work described this paper seeks to alleviate this prob-

lem at the earliest stages of prototyping with BOXES 

(Building Objects for eXploring Executable Sketches), a 

tool that enables rapid construction of early interactive 

physical prototypes that both look like and work like the 

intended product. As illustrated in Figure 1b, this allows 

for an integrated design process that combines form, inter-

face, and function in an earlier and more fluid fashion.  
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ACM Classification: H5.2 [Information interfaces and 

presentation]: User Interfaces. - Graphical user interfaces. 

A7)7,"5&+7,8*B&Design:&Human Factors &

C74D(,%*B Tools, rapid prototyping of physical interfaces, 

sketching of interactive physical forms. 

6E;!FGH';6FE&

Paper prototypes, sketches, and other early design proto-

types are an important first step for many GUI designers. 

One reason they are valuable is the speed with which they 

can be constructed, tested, and thrown away or modified 

[17].  This allows early communication and discussion 

about potential designs both with users and with other 

product team members.  Early, rough forms can be particu-

lar valuable because of the way end-users react to them: 

they are often seen as unfinished, inducing end users to 

provide richer design suggestions [11].   

However, as computing moves off the desktop and into 

other physical forms, paper prototypes have become less 

complete [14], interactive prototypes tend to be limited to 

fixed forms, such as existing mobile devices [13], and rapid 

prototyping tools are likewise limited. As a result, design-

ers tend to be constrained to either create prototypes that 

look like the final product (either physically, e.g. using me-

dia such as foam mockups, or visually, e.g. using tools 

such as Flash™) or work like the interactions envisioned 

for the final product (e.g. an on-screen simulation).  As a 

result, as illustrated in Figure 1a, the design process often 

involves a splitting of form and interactivity early, with 

only a gradual combining of these into a full product de-

sign.  This results in a less fluid process with potentially 

slower and weaker communication and iteration.   

The work described this paper seeks to alleviate this prob-

lem at the earliest stages of prototyping with BOXES 

(Building Objects for eXploring Executable Sketches), a 

tool that enables rapid construction of early interactive 

physical prototypes that both look like and work like the 

intended product. As illustrated in Figure 1b, this allows 

for an integrated design process that combines form, inter-

face, and function in an earlier and more fluid fashion.  
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PROTOTYPING KITS
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ARDUINO UNO BOARD
http://www.arduino.cc
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ARDUINO I/O
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EXTENDING ARDUINO

• Ethernet shield

• XBee shield 

• Motor shield 
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USB CABLE
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9V BATTERY CONNECTOR
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BREADBOARDS

Wednesday, July 6, 2011



BREADBOARDS IN USE
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VOLTAGE, CURRENT, 
RESISTANCE

Ohm’s law Voltage Divider

V=IR
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RESISTORS

Resistor Color Codes: http://www.kpsec.freeuk.com/components/resist.htm
Resistor Calculator: http://www.dannyg.com/examples/res2/resistor.htm
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JUMPERS
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LIGHT EMITTING DIODE (LED)

anode (+)
cathode (-)
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RGB LEDS
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DIGITAL INPUT & OUTPUT
Switches and LEDs
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MY FIRST CIRCUIT
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BUTTONS AND SWITCHES
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ROCKER SWITCH

Wednesday, July 6, 2011



LIGHT SWITCH

Wednesday, July 6, 2011



LIGHT SWITCH HINT
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LIGHT SWITCH SOLUTION
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MAKE A LIGHT SWITCH 
PROGRAMMATICALLY

• Step 1: Programmatically turn on LED

• Step 2: Programmatically sense button press

• Step 3: Programmatically link button to turn on LED
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STEP1: LED

Wednesday, July 6, 2011



STEP 2: BUTTON
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STEP 3: MAPPING I/O
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ARDUINO + GUI
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PROCESSING

• Download from: http://processing.org

• Processing is an open source programming language and 
environment for people who want to create images, 
animations, and interactions

• developed to serve as a software sketchbook and to teach 
fundamentals of computer programming within a visual 
context
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PROCESSING EXAMPLE

Wednesday, July 6, 2011



ARDUINO & PROCESSING

• Communication over serial port

• Step 1: Arduino to Processing

• Step 2: Processing to Arduino
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ARDUINO TO PROCESSING 

Arduino
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ARDUINO TO PROCESSING

Processing
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PROCESSING TO 
ARDUINO

Arduino
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PROCESSING TO ARDUINO

Processing
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PROCESSING SUPPORT FOR 
ARDUINO

• http://www.arduino.cc/playground/Interfacing/Processing

• Don’t forget to restart processing after installing the libraries
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FIRMATA

• Generic protocol for communicating with 
microcontrollers from software on a host computer.

• It is intended to work with any host computer 
software package. 

• Works with a number of languages.

•  The aim is to allow people to completely control 
the Arduino from software on the host computer.
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LOAD FIRMATA FIRMWARE

• Arduino: File > Examples > Firmata > StandardFirmata

Wednesday, July 6, 2011



FIRST FIRMATA PROGRAM

Wednesday, July 6, 2011



ANALOG SENSORS
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POTENTIOMETERS
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BEND SENSOR
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INFRARED DISTANCE 
RANGER
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2-AXIS ACCELEROMETER
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FORCE SENSITIVE RESISTORS
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THUMB JOYSTICK
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MICROPHONE
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PRINCIPLES OF ANALOG 
INPUT

• 10 bit Analog to 
Digital Converter

• 2^10 = 1024 

• Sampling rate up 
to ~10 kHz

• V = 5 * s / 1024
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VISUALIZING ANALOG 
INPUT
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THRESHOLDING

• process of turning 
continuous data 
into discrete yes / 
no decision
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BEND SENSOR

Bend Sensor
10k - 40k

??
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CALCULATIONS
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EXAMPLE: FSR 
THUMB WRESTLING
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ACTUATORS
Making things move
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SERVO MOTORS
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PULSE WIDTH MODULATION
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EXAMPLE: DIMMER
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SERVO EXAMPLE
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DESIGN EXERCISE
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RESEARCH IN PHYSICAL 
PROTOTYPING
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KEY RESEARCH GOAL

• Low Threshold

• High Ceiling
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PHIDGETS
[Greenberg, UIST 2001]

www.phidgets.com
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VOODOO I/O

IEEE Communications Magazine • April 200392

Networking Properties — Pin&Play addresses
a design space between wired and wireless tech-
nologies. On an imaginary scale of ubiquity of
network access, it goes beyond one-dimensional
wired structures in providing network access
across 2D surfaces, while of course not going as
far as offering connection throughout 3D vol-
umes. However, we consider it likely that overall
higher density of nodes per room can be
achieved if the enclosing walls were networked,
in comparison to the state of the art in wireless
technologies. A main advantage of Pin&Play
over wireless technologies is that it provides
power to connected objects, and thus supports
the integration of objects that have no batteries
or other forms of power supply. The approach is
very similar to that of a PDA cradle or a laptop
docking station, but with minimal constraints
concerning where and how to connect the object,
and with more direct interconnection possibili-
ties.

Use-Related Properties — We already stressed
that the Pin&Play concept is firmly built on
common structures. It addresses important user
values such as familiarity of the concepts used,
better observability of network configuration,
and straightforward control in the sense of mini-
mal-effort attachment and detachment of
objects. Pushpin-like connectors provide strong
affordability, and the user act of connecting an

object to the network becomes embedded in the
act of attaching it to the wall or other surface.
Another important property is the free place-
ment of objects on a Pin&Play surface. People
use surfaces for meaningful spatial arrangement
of objects, so it is valuable that surface augmen-
tation does not constrain such use.

Deployment Vision — Pin&Play’s design is
clearly targeted at real deployment in everyday
environments, such as the home. The compo-
nents underlying Pin&Play, in particular layered
conductive fiber sheets and pin-like connectors,
require careful mechanical design but do not
involve sophisticated or expensive technology. If
a satisfactory design is achieved, production at
low cost would certainly be realistic.

NETWORKED NOTICE BOARD PINS

To illustrate the kind of application in which the
Pin&Play concept becomes superior to the typi-
cal wired and wireless approaches, we start with
an application using extremely small and densely
networked devices. This section introduces a
smart version of the common pin that is
enhanced with processing capabilities and mem-
ory, to store information about the document it
attaches to a notice board. We will first describe
the implementation of each Pin&Play compo-
nent as introduced in the previous section.

The Surface: Notice Board — The surface is
here embodied by a notice board, physically aug-
mented to a network bus by adding two conduc-
tive layers to an insulating layer (for which both
corkboard and adhesive rubber sheets were
used). The conductive fiber sheets [4], which are
traditionally manufactured for shielding applica-
tions, are not only straightforward to apply; they
also leave no holes once the pins have been
removed, which ensures longer usability than
solid conductive sheets. The fabric is usually sil-
ver (Ag) or nickel-copper (Ni-Cu) plated nylon
that has been woven and has a typical thickness
of 0.1 mm (0.005 in). The conductivity, further-
more, is extremely low (i.e., below 0.5 Ω/!).

The Network — To facilitate implementation
of the network protocol, the Dallas MicroLAN
[1] was chosen as the base communication layer,
as it is an inexpensive and flexible networking
standard. It only requires two wires (one pro-
vides a bus for data transmission, plus a ground
reference), but also allows network nodes to
steal power from the data line. A large variety of
network components that communicate via
MicroLAN is available and range in application
from simple identification devices and read/write
memories to sensors, data loggers, and switches.

MicroLAN makes it perfectly possible to
build huge networks with many components that
can be dynamically added or removed, supports
interrupting, and requires a pull-up voltage
between 2.8 and 6 V. This scalability and flexibil-
ity comes at a price, though: the maximum com-
munication bandwidth is at best 16,300 b/s,
limiting the type of network application running
on the bus. The structure of the MicroLAN is

! Figure 1. A diagram of the pin connectors that access the right communica-
tion line of the bus network.

Conductive pin surface

Two-pin design One-pin design

Isolated pin surface

Conductive surface layers

Isolative surface layer

! Figure 2. A close-up of an assembled pin. The
current model has two isolated pins for accessing
the top and bottom layers. The one-wire switch is
hidden below the i-Button's connector, next to the
LED.
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LILYPAD ARDUINO
[Buechley, CHI ’08]
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D.TOOLS: STATE CHART 
EDITING

[Hartmann, UIST 2006]
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ISTUFF MOBILE: PIPE & 
FILTER

[Ballagas, CHI 2007]
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EXEMPLAR: PROG. BY 
DEMONSTRATION
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MODKIT

• Scratch Meets Arduino
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MODKIT EXAMPLE

Wednesday, July 6, 2011



TEAR DROP
[Buechley, TEI ’09] 
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TELESCRAPBOOKS
[Freed, IDC ’11]
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TAKEAWAYS

• Build lots of prototypes, both parallel and iterative.  

• Key is to fail early and often

• Good prototyping tools provide a low threshold and a high 
ceiling.
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