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Appropriated  
Interaction Surfaces

D evices with significant 
computational power 
and capabilities are 
now small enough to 

carry. These devices have tremen-
dous potential to bring the power of 
information, communication, and 
computation to more people and to 
more aspects of our lives. However, 
with this potential come new chal-
lenges for interaction design. For 
example, we’ve yet to figure out a 
good way to miniaturize devices 
without simultaneously miniatur-
izing their interactive surface area. 

This has led to diminutive screens, 
cramped keyboards, and minuscule 
jog wheels—all of which diminish 
devices’ usability and prevent us 
from realizing their full potential. 

As Figure 1 shows, the primary 
design limitation for modern mobile 
devices, such as smart phones and 
ultraportable laptops, isn’t the elec-
tronics, but the surface area for 
human input and output. If you dis-
carded a MacBook Air’s screen and 
keyboard, you’d have a very capable 
computer that could fit in a soap 
dish; likewise, a smart phone could 

fit inside a wristwatch. Clearly, as 
electronic devices get smaller, we are 
becoming the primary miniaturiza-
tion bottleneck. 

Critically, we can’t engineer our-
selves out of this problem. We can 
make processors faster, LCD screens 
thinner, and hard drives smaller. 
However, we can’t magically create 
surface area without increasing 
device size. Consequently, computer 
manufactures have walked a fine line 
for the past decade, striving to bal-
ance usability with mobility.

This dilemma is readily apparent 
to anyone with a laptop. Dedicated 
number keypads were shed long ago, 
and layouts featuring squished arrow 
and function keys are now common. 
Netbooks have gone so far as to 
shrink every key to accommodate a 
full layout. It’s not that we love small 
keyboards—quite the opposite—but 
we accept them, mostly because we 
wouldn’t tolerate a larger device. We 
grit our teeth and soldier on, one tiny 
keystroke at a time. 

So if we can’t scale up or down, 
where do we go?

DECOUPLED INPUT
If a device is of a particular size 

and input has to occur within these 
dimensions, then logic dictates that 
input can only be as large as the 
device. Thus, for example, a device 
two inches wide could maximally 
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We can make small devices easier to use by enabling them to 
“steal” surface area from the environment.
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Figure 1. Teardown of first-generation iPod Touch. Almost all of the device’s volume is 
due to the battery and touch screen, which is the biggest consumer of battery power. 
Source: ifixit.com.
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offer an input space two inches wide. 
This suggests a possible way forward: 
the only way to have input larger than 
the device is to separate the two. In 
other words, we must decouple input 
from the device’s small physical 
constraints.

Fortunately, the problem of creat-
ing output larger than a device has 
been partially solved. Speakers offer 
a simple solution—easily integrated 
into a mobile device, they can fill a 
room with sound. More dramatic 
are digital projectors, soon to be 
as small as a few sugar cubes and 
embedded in many classes of device. 
They can project a dynamic graphi-
cal interface many times larger than 
the device containing them on dedi-
cated projection screens or ad hoc 
surfaces such as tables and walls. 
In the case of laptops and smart 
phones, we could instantly reduce 
their size by half or more and, in 
many use contexts, end up with 
more screen real estate.

MIT’s Sixth Sense (www.media.
m i t .e du / r e s e a r ch / h ig h l i g ht s / 
sixthsense-wearable-gestural-inter 
face-augment-our-world) nicely illus-
trates the opportunities opened by 
projected output. This small pendent 
computer armed with a camera and 
projector can, through computer 
vision, recognize objects in the envi-
ronment and project information 
on them—for example, reviews on 
books, departure times on boarding 
passes, and job titles on people.

Unfortunately, we don’t have a 
good analog for input larger than a 
device.

APPROPRIATED SURFACES
Several input approaches make 

it possible to dodge the surface-area 
dilemma entirely, generally by operat-
ing in free space. For example, speech 
recognition and computer vision 
enable voice commands and hand 
gestures. However, we lose many of 
the physical affordances that make 
real, hard surfaces valuable and, for 
the most part, unbeatable in terms 

of input precision and speed. People 
are remarkably dexterous with pens, 
mice, and even keyboards. Further-
more, there is something pleasant and 
intuitive about physical interactions—
tangibles we can grasp, motions with 
texture and friction, buttons we can 
click, and so on. 

On one hand, I’ve argued we 
should use surfaces for input because 
they’re powerful and intuitive, but 
on the other, I’ve also argued that 
input area on mobile devices is at 
a premium and arguably too small 
for many tasks already. So where’s 
this surface area going to be if not 
on the device? The answer is the 
environment.

Look around you. There are 
surfaces ripe for interaction every-
where: tables, walls, floors, doors, 
doorknobs, windows, furniture, and 
a million other items. Most of these 
items are orders of magnitude larger 
than small devices, are often within 
arm’s length (tables, floors) or other-
wise approachable (doors, walls), and 
sometimes are even ergonomically 
engineered (seating, desks). This is 
the focus of my current research—
making small devices more usable by 
enabling them to “steal” surface area 
from the environment. Much work 
remains to be done to fully realize 
this vision, but several initial projects 
have already demonstrated its feasi-
bility and potential. 

SCRATCH INPUT
An early observation I made was 

that pocket-sized mobile devices such 
as PDAs, mobile phones, and music 
players, although small themselves, 
were often placed on large tables. 
I wondered: if only the whole table 
could act like a big trackpad; then I 
could simply issue large, sweeping 
commands with my finger right to 
the surface already in front of me. 
This would make reaching over to 
fiddle with some tiny button on my 
iPod seem silly indeed.

With this notion in mind, I created 
Scratch Input, which allows mobile 
devices to appropriate horizontal 
surfaces for gestural finger input. It 
works by placing a specialized micro-
phone on the backside of devices; 
gravity provides just enough force 
to acoustically couple the device to 
whatever hard surface it’s resting on.  

As Figure 2 shows, the device 
listens to acoustics inside the table, 
much like a doctor uses a stetho-
scope to hear inside the body. Lots of 
things happen on tables we want to 
ignore; the system filters this out by 
listening exclusively to the frequency 
range human fingernails produce 
when running over a textured sur-
face—wood, paint, linoleum, and 
many other materials (not glass 
or marble, however, which are too 
smooth). Taps and flicks are easily 
detected as well.  

Figure 2. Performing a Scratch Input gesture with a finger on a conventional table. The 
cell phone in the background can detect the gesture by listening to acoustics inside 
the table. 
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The sensor is very small—just 
a single microphone—and can be 
easily integrated into even the small-
est devices. This means Scratch Input 
capability goes wherever the device 
goes; no infrastructure is necessary. 
It also requires no special or perma-
nent augmentation of surfaces—you 
can set your phone down on a table 
at your local coffee house, and you’ve 
instantly got an ad hoc gestural fin-
ger-input surface. When you’re done, 
simply pick up your phone and off 
you go. 

MINPUT
A serious limitation to using a 

single microphone, as Scratch Input 
does, is that spatial information about 
input is impossible to resolve. In other 
words, Scratch Input can easily detect 
tap input events but can’t tell where 
they occurred. This property also 
means, for example, “W” and “M” 
gestures sound the same and can’t 
be disambiguated. 

Minput was born from a desire 
to experiment with high-precision 
spatial tracking. Specifically, it incor-

Figure 3. Minput incorporates optical tracking sensors in the back of a device to 
capture not only up, down, left, and right motions, but also twisting gestures.  
(a) Minput-augmented photo viewer. Users can navigate through a photo mosaic by 
swiping the device in different directions; twisting controls how many photos tile 
on the screen at a given time. (b) Minput-augmented music player. Users can scroll 
through lists of artists or songs by sliding the device upward or downward.

porates optical tracking sensors in the 
back of a device—the same cheap, 
small, high-precision sensors used 
in optical mice. Two sensors capture 
not only up, down, left, and right 
motions, but also twisting gestures. 
This configuration lets a device track 
its own relative movement on sur-
faces, especially large ad hoc ones 
like tables, walls, and furniture, but 
also your palm or clothes if nothing 
else is around.

Minput can be used in several 
ways. One is gestural—a user can 
grasp a device like a tool and ges-
ture with it. Like brushstrokes on a 
canvas, these gestures can be big and 
bold and in general aren’t limited by 
the device’s diminutive form. This 
also keeps the user’s fingers off the 
tiny display, eliminating interface 
occlusion—a problem in touch-screen 
interaction.

At Carnegie Mellon University’s 
Human-Computer Interaction Insti-
tute (http://hcii.cmu.edu), we’ve 
created several Minput applications 
using a prototype gesture vocabu-
lary. A simple photo viewer, shown in 
Figure 3a, lets users navigate through 
a photo mosaic by swiping the device 
up, down, left, or right; twisting con-
trols how many photos tile on the 
screen at a given time. A music player, 
shown in Figure 3b, enables users to 
scroll through lists of artists or songs 
by sliding the device upward or 
downward. A swipe to the right acts 
like a “select” button; a swipe to the 
left goes back through the hierarchy. 
Twisting the device like a knob con-
trols the volume.

The Minput technique can also 
be used as a peephole display. This 
effect is somewhat like reading a 
newspaper in a dark room with 
only a small flashlight for illumina-
tion. Although only a fraction of the 
entire canvas is visible at any given 
moment, the whole document is 
immediately accessible—similar to 
scrolling through a webpage on a 
smart phone. We augment this inter-
action by using twisting gestures to 

(a)

(b)
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arm and can perform finger taps 
anywhere along the arm, all the 
way down to the fingertips. Based 
on the acoustic fingerprint, our rec-
ognition software can determine 
where the tap occurred. Add a pico 
projector, and you’ve essentially 
turned your body into an interac-
tive touch screen.

I t’s not unthinkable that one day 
there may be devices the size 
of a matchbook that have little 

more than a power button. Through 
technologies like pico projection 
and Skinput, these micromachines 
could have all the features you see 
on today’s smart phones and beyond. 
Some of these interactions might 
even seem like magic, especially 
those that allow ordinary objects to 
have interactive capabilities. You’ll 
be able to walk up to a restaurant, 
pull out your iPhone Nano, and skim 
over the reviews projected right there 
on the door. You’ll be able to plop 
down in front of your TV at home, 
open your hands, and have a remote 
control right there in your palm. 
And now, having finished reading 
this article on a table at your local 
coffee shop, order another latte with 
a swipe of your finger. 

Chris Harrison is a PhD student 
at Carnegie Mellon University’s 
Human-Computer Interaction Insti-
tute. Contact him at chris.harrison@
cs.cmu.edu.

body—for example, the arms, upper 
legs, and torso—is easily accessible 
by our hands. Further, propriocep-
tion—our sense of how our body is 
configured in 3D space—allows us to 
accurately interact with our bodies 
in an eyes-free manner. For exam-
ple, we can readily flick each of our 
fingers, touch the tip of our nose, 
and clap our hands together without 
visual assistance.

Unfortunately, the skin was never 
intended to be used as a comput-
ing input surface. Unlike manmade 
objects, the human form is outside 
of our control, irregular in shape and 
composition, and highly variable 
across people. From a sensing stand-
point, this is a daunting challenge. A 
complicating factor is that users are 
very sensitive to being instrumented 
with sensors, and permanent aug-
mentation, such as implants, is out 
of the question.

Skinput draws inspiration from 
Scratch Input, which can turn large 
areas into input surfaces without 
augmentation, through acoustics. 
Skinput uses acoustics to classify 
finger “clicks” on the body. In par-
ticular, when a finger taps the skin’s 
surface, an ensemble of mechani-
cal vibrations result that propagate 
through the soft tissues and bone.

 In our prototype, shown in 
Figure 4, the user places the bio-
acoustic sensing array on the upper 

zoom, an analog motion to which it’s 
well suited.

Finally, Minput can transform a 
device’s sensor data into a cursor, 
which could allow small devices to 
run very complex widget-driven 
interfaces. Much like a mouse, the 
control-device gain can be manipu-
lated. For example, to move the 
onscreen cursor one inch, a user 
might have to move the device one 
foot. This enables extremely precise, 
pixel-level accuracy. Conventional 
touch-screen interaction could never 
achieve this accuracy given touch 
screens’ inherent 1:1 control-device 
gain and the size of our fingers. 

SKINPUT
Tables, walls, doors, and the like 

make great interaction surfaces when 
you’re situated—at home, riding a 
train to work, waiting in the dentist’s 
office. But what happens when you’re 
on the go and these surfaces aren’t 
present? You could take small appro-
priated surfaces with you, but at that 
point you might just as well have a 
larger device. Fortunately, there’s one 
surface that has been overlooked as 
an input canvas and also happens to 
always travel with us: our skin.

Appropriating the human body 
as an input device is appealing not 
only because we have roughly two 
square meters of external surface 
area, but also because much of the 
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Figure 4. Skinput, combined with a pico projector for graphical output, provides a 
touch-screen-like experience right on the body—a capability that can be summoned 
wherever you happen to go.


