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In Search 
of a Natural 
Gesture

The regularity of references to “the 
law” probably extends from the fact 
that human behavior and clever uses 
for technology are notoriously dif-
ficult to predict, but the technology 
itself has demonstrated an unwaver-
ing trend over the past four decades. 
This trend is, of course, enabled only 
by the astonishing accomplishments 
by the engineering teams within the 
companies that manufacture comput-
ing equipment. Nevertheless, it doesn’t 
take a huge amount of clairvoyance or 
risk-taking to claim that the trend will 
extend a bit further. 

However, interface technology has 
not enjoyed the seven orders of magni-
tude in improvement of performance 
that core processors have achieved 
since 1970. In fact, aside from a slightly 
improved mechanical construction 
and visual polish, the input and out-
put devices connected to the average 
desktop computer today are virtually 
identical to the ones used by Douglas 
Engelbart in his 1968 presentation, 
later referred to as “The Mother of All 
Demos.” While there have certainly 
been several improvements along the 
way, such as the graphical user inter-

face, trackpads, flat-panel displays, and 
touch screens, we still fundamentally 
operate our computers using a single 
2D pointing device and a keyboard. 

Yet in just the past two or three 
years, it is not too difficult to find ar-
ticles proclaiming the “death” of the 
mouse and keyboard, or finding new 
product announcements promoting 
new methods of input and output as its 
key selling feature. Why has there been 
a recent spike in enthusiasm for new 
interface technology? In my opinion, 
it is because we’ve recently crossed the 
inflection point—an inflection point 
driven by Moore’s Law and the limited 
growth of human attention.

CoNSumptIoN-produCtIoN  
ImbalaNCe
Over the past hundred years, the cog-
nitive capacity for an individual to 
consume and produce information 
has stayed relatively constant or has 
increased only modestly. While tech-
nology has certainly made it much 
easier to saturate our input and out-
put channels, the rate at which we can 
read, write, speak, listen, the density 
of pixels our visual system can resolve, 

I n many articles discussing the future of computing, 
you are very likely to find either a reference to, or 
a motivational assumption based on, a continued 
projection of Moore’s law. This article will make no 

attempt to deviate from that steady tradition.

the number of images we can mean-
ingfully process per second, and the 
size of our fingers has not significantly 
changed. Yet the capacity for technolo-
gy to supply us with content has grown 
in step with Moore’s Law. 

In the 1980s and 1990s, the consum-
er appetite for faster technology could 
not be satiated. But in recent years, 
the information supply has started to 
fundamentally surpass the ability of 
many people to absorb it. This creates 
a situation of computational surplus, 
which, economically, should dictate a 
substantial drop in cost. 

Just a few years ago, a $100 laptop 
was considered a magnificent dream 
that would change the world. Now, it is 
possible to find a reasonably capable 
netbook for $100 on a good coupon 
day or even “free” with a network ser-
vice contract. While it would have cer-
tainly been possible to manufacture 
$100 worth of computation in 1990, 
very few people would have found it 
satisfactory. That’s not the case today. 
The average consumer’s demand for 
more powerful technology has simply 
not kept up with the exponentially in-
creasing supply. 

Some have referred to this stall 
in performance demand as the era 
of “good enough computing.” While 
“good enough” might suggest even fur-
ther reduction in device cost, what’s 
happening instead is it’s becoming 
economically sensible to manufacture 
a wider variety of increasingly special 
purpose computers rather than expen-
sive general purpose machines. For the 
price of a nice dinner, consumers can 
buy a computer that only plays music, 
only takes pictures, only shows maps, 
only plays games, only plays movies, or 
only lets you read the news. It’s likely 

Figure 1: The rise of diversification was a 
result of a computational surplus.
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that we’ll see a significant rise in the re-
lease of new form factors and targeted 
niche computing compared to what we 
have in the past. (See Figure 1.) 

How is this relevant to interface 
technology?

taSk-SpeCIfIC devICeS
As the diversity and specialization of 
devices increases, so does the diversity 
of interface technology. The best in-
terfaces are typically task-specific. For 
example, the ideal interface for choos-
ing a radio station while driving your 
car is not the same as the best inter-
face for checking your email while sit-
ting at your desk. As the distribution of 
computing shifts away from usage sce-
narios where a mouse and keyboard 
are acceptable, so does the adoption 
of alternative input methods, whether 
touch, motion control, location, ges-
ture, voice, or some other physiological 
source.

If you look at the components with-
in a modern laptop or mobile phone, 
you’ll notice that there’s actually very 
little “computer” in a computer today 
(Figure 2). The largest internal compo-
nents of a modern laptop are already 
those dedicated to human input and 
output. As the physical space required 
for computation continues to fall or is 
even replaced with a high-speed net-
work connection, the defining feature 
of the device and its suitable applica-
tions is the interface technology. 

As a result, there is a very high de-

mand in exploring novel ways of inter-
acting with technology that permits 
alternative form factors, increases our 
capacity to express an idea, or improves 
our ability to absorb information. Com-
puting will be defined by how we inter-
act with the information rather than 
by the chipsets on the motherboard, or 
the operating system it runs. The quest 
to create new devices dedicated to solv-
ing each of our own specialized un-
satisfied desires is largely lead by the 
search for better interface technology 
that can better understand what we 
want, when we want it, where we want 
it, in the way we want it.

IN SearCh of Nature
A phrase that has slowly received in-
creasing traction, at least in the com-
mercial exploration of alternative 
input technologies, is “natural user 
interface” (NUI). While there’s no 
widespread consensus about the exact 
definition, NUI generally refers to an 
interface that is highly intuitive and 
effectively becomes invisible to the 
user when performing a task. It is an 
interface that can easily and efficiently 
transmit an idea from a user’s mind 
into an action on the computer with 
little additional effort. 

Don Norman described the phi-
losophy well when he said, “The real 
problem with the interface is that it is 
an interface. Interfaces get in the way. 
I don’t want to focus my energies on an 
interface. I want to focus on the job.” 

Unfortunately, the term NUI has 
also been coarsely applied to refer to 
anything that is not a typical keyboard 
and mouse. It’s important to acknowl-
edge that the philosophy behind a nat-
ural user interface is not conceptually 
incompatible with a mouse and key-

board. However, it has become much 
more popular to use the term “natural” 
when referring to multi-touch interac-
tion, motion sensing, gesture input, 
and speech recognition.

These input techniques certainly of-
fer a higher potential for expressing an 
idea to a computer with less distortion 
and rigid structure typically required 
by a mouse and keyboard. However, 
gesture and speech interfaces, in par-
ticular, have resonated well with the 
popular imagination. The allure of 
these methods of input is that they pro-
vide a glimpse into an easy-to-imagine 
vision of one day being able to commu-
nicate with a computer as easily and 
fluidly as we communicate with anoth-
er human being using these skills we 
practice every day.

Now, it’s debatable whether com-
municating with a computer in the 
same manner that we communicate 
with other humans is truly the most 
desirable interface for all tasks. To 
get a reasonably accurate picture of 
what a voice-and-gesture-only system 
might be like, imagine if the only input 
control to your computer were a video 
chat to a high school student sitting in 
a distant room, and all you could do 
is describe what you wanted. After a 
few minutes of saying, “Click on that. 
Move that ... no, not that one. The other 
window. I mean the browser window. 
Yeah. Make that bigger, I mean maxi-
mize it,”you will probably say, “where 
is my mouse and keyboard?”

An often unspecified detail of that 
vision is that the computer should be 
the embodiment of an exceptionally 
competent and omniscient human 
being with a reasonable personal-
ity that makes no recognition errors. 
But, for the sake of this article, I will 
concede there are components of that 
vision that are conceptually desirable 
enhancements to existing interface 
technologies and discuss some of its 
advantages and disadvantages. In par-
ticular, this article will discuss the ges-
ture component in greater detail.

body movING
Body movements used to convey in-
formation from one person to another 
have been shown to be tightly coupled 
with simultaneous speech or co-verbal 
commands. According to researcher 

“Natural interaction 
is achieved through 
clever designs 
that constrain the 
problem in ways  
that are transparent 
to the user.”

Figure 2: The human interface hard-
ware now dominates the form factor of 
many modern computing devices.
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David McNeill’s 1992 study, 90 per-
cent of these types of communicative 
gestures are found to be associated 
with spoken language. Additionally, 
gestures often identify underlying rea-
soning processes that the speaker did 
not or could not articulate providing a 
complementary data source for inter-
preting a set of utterances. 

Thus, gesture and speech go hand-
in-hand in daily human-to-human 
communication, and it would be ap-
propriate for any interactive system 
that attempts to provide a similar level 
of fluidity to be designed with that in 
mind. 

Such systems that combine more 
than one mode of input are often called 
multimodal interfaces. A well known 
example demonstrating the power of 
combining speech and gesture is the 
Put-That-There system created by Rich-
ard A. Bolt in 1980 shown in Figure 3. 
This system allowed the operator to sit 
comfortably in a chair, point his arm 
at a distant location on a large display 
wall and issue verbal commands such 
as “move that” and then pointing at a 
different location, continue the com-
mand “… there.” 

The gesture provided object focus 
and task parameters, and the speech 
component provided the task selection 
and event execution. These modalities 
complement each other’s strengths, 
combining the physical specificity of 
pointing with the random access tem-
poral nature of speech.

GeSture ChalleNGeS
While a number of prototype systems 
that used gesture alone have been dem-
onstrated to be reasonably functional, 
many of these systems typically relied 
on a unique set of hand or body poses 
that must be learned by the user, which 
trigger a small number of pre-assigned 
actions. 

In 1986, Jean-Luc Nespoulous iden-
tified three classes of communicative 
gestures that have come into common 
use: mimetic, deictic, and arbitrary. 
Mimetic gestures are motions that are 
intended to be representative of an 
object’s shape or behavior. For exam-
ple, indicating the shape of a person’s 
beard, the size of a box, or the act of 
tumbling. Deictic gestures are used to 
provide context or explanatory infor-

mation such as pointing at the object 
of conversation, or indicating the di-
rection for an action to be taken. Arbi-
trary gestures are learned motions typ-
ically used in specific communication 
settings, such as the hand signals used 
in airplane guidance, baseball pitches, 
or infantry coordination. 

In the context of a gestural interface 
prototype, arbitrary gestures are high-
ly popular choices in research systems 
because they can be easily designed 
to be distinctive for the sake of recog-
nition and segmentation. But, these 
gesture sets tend to require significant 
user training, and they map to a rigid 
set of commands. 

In general, performing complex 
communicative or manipulation tasks 
using free-air gestures alone without 
tactile feedback or co-verbal com-
mands is actually quite unnatural. 
However, there may be opportunities to 
take advantage of the expressive power 
of deictic and mimetic gestures to aug-
ment or supplement interaction tasks 
because users will have a tendency to 
produce these gestures without addi-
tional prompting or training. Unfortu-
nately, these gestures are not typically 
easy to segment and are subject to high 
variability between individuals. 

In 1989, Alex G. Hauptmann at-
tempted to study the degree of consis-
tency and variability in unprompted 
gestures when users attempted to per-
form a three-dimensional spatial ma-
nipulation task. The users were asked 
to try to perform a translation, rota-
tion, or scaling operation on a virtual 
wireframe cube rendered on a comput-
er display. Upon completion, a human 
operator observing the hand gesture 
would attempt to simulate the result-
ing output. While there were coarse 
similarities in the type of gesture per-
formed for each of the three tasks, in-
dividuals varied significantly in the 
number of fingers used, the position 
and orientation of their hands, the 
number of hands used, and the align-
ment of the hand movements. 

Hauptmann made no attempt to 
make the computing system recognize 
and track these gestures as real interac-
tive controls, which weakens the valid-
ity of certain conclusions as interactive 
feedback would certainly impact user 
behavior. However, the findings do in-
dicate that a fully functional system 
would have to accommodate a high de-
gree of variability between users. 

Bolt attempted a partial implemen-
tation in 1992, but this system only pro-
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Figure 3: Richard Bolt’s Put-That-There system combined speech and gesture input. 
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vided constrained object rotations and 
single-handed object placement in a 
limited application scenario using two 
six-degree-of-freedom-tracked gloves 
with articulated fingers and heavily 
relied on co-verbal input for action se-
lection and control. Furthermore, the 
variations Hauptmann observed oc-
curred in the constrained scenario 
where people were seated within 1 
meter of a computer display and were 
prompted to perform a simple spatial 
operation on a single object. As the 
assumptions are pulled back on this 
problem, the opportunity for variation 
goes up exponentially, such as allowing 
multiple objects on the screen simulta-
neously, using non-spatial actions such 
as changing the object color, varying 
the seated posture relative to the screen 
or standing at different distances, al-
lowing multiple users to attempt simul-
taneous control, and even choosing to 
perform other peripheral tasks within 
the tracking volume without activating 
the system. Variations in body shape, 
size, and cultural background only ex-
acerbate the difficultly in interpreting 
a given gesture, or finding a common 
gesture for a given desired action. 

The complexity of a gesture recog-
nition system is roughly proportional 
to the complexity of the input vocabu-
lary. For example, if all that is desired 
is either motion or non-motion, there 
are a variety of sensors such as acceler-
ometers that can provide a simple data 
stream that is relatively easy to examine 
to obtain this signal. In the case of an 
accelerometer, other data such as the 
magnitude and direction of motion, or 
the static orientation relative to gravity 
are moderately easy to extract. Howev-
er, as the desired expressiveness of the 
input system goes up, so must the com-
plexity of the gesture system. 

In effect, the device must have an 
understanding of the world that is 
not only capable of distinguishing the 
target input set, but all other similar 
gestures, in order to recognize that 
they are not part of the input set. Oth-
erwise, the number of false positives 
may be unacceptable. If the goal is to 
recognize a “jump,” simply looking 
for vertical movement would be insuf-
ficient if a “squat” should not be con-
sidered a “jump.” Should sitting down 
and then standing up be considered a 

jump? What about walking? Is a one 
legged-kick a jump? What about indi-
viduals who jump at different heights?

GuIdING GeStureS
In this respect, freeform gesture recog-
nition shares many of the difficulties 
of unstructured speech recognition. 
Many spoken words have very simi-
lar acoustic properties. People speak 
with different accents and dialects. 
There are multiple ways of expressing 
the same thought. Recognizing iso-
lated words without additional context 
information is generally unreliable. 
Recognizing speech in the presence 
of other noise can significantly reduce 
accuracy. Identifying when the user 
wants to engage and disengage with 
the system can be challenging. Without 
the speech equivalent of push-to-talk, 
prompted input, or escape keywords, 
gesture interaction suffers from the 
“Midas touch” problem of excessive ac-
cidental or false activations. 

Alternatively, naively applying rigid 
structure and increasing recognition 
requirements would negate any po-
tential benefit from user intuition and 
simply replace it with frustration from 
excessive false negatives. Understand-
ing the strengths and weakness of a 
particular input method is fundamen-
tal to understanding what combination 
of tools will make for a successful user 
experience. The design should provide 
just enough guidance using other tech-
niques to prevent the user from falling 
into the poor performing areas of ges-
ture and speech recognition. If done 
correctly, a relatively small amount of 
recognition work can provide a delight-
ful experience giving the illusion that 
the technology has merely understood 
their intention. 

For guidance toward solutions to 
this problem, it’s helpful to revisit the 
philosophies behind “direct manipula-
tion” that made the graphical user in-
terface successful, as described by Ben 
Shneiderman in 1983. One of the ten-
ants of the design was that displaying 
immediate visual feedback for input is 
essential. This is the communicative 
common ground between yourself and 
the device that indicates it has an un-
derstanding of what you are doing, and 
that you understand what it is doing 
in response to your actions. The num-
ber of degrees of freedom that can be 
captured in the feedback should be as 
high as reasonably possible, giving us-
ers the information they need to quick-
ly adjust their input to accomplish the 
desired output. 

Interactive objects should have a vi-
sual representation with understand-
able metaphors. The visual appearance 
of an interactive object should provide 
some affordance as to the actions or 
gestures to which it can respond. The 
interface should clearly provide rapidly 
accessible, complimentary, and revers-
ible commands.

Natural IS IN the deSIGN
Regardless of the technology being 
used, a good interface experience is 
one that is able to capture the intent 
of a user’s behavior with as little dis-
tortion as possible. While gesture and 
speech technologies offer greater po-
tential for us to express our thoughts 
and ideas without thinking about the 
constraints of the interface, accurately 
reconstructing those ideas within the 
computer does not come from tech-
nology for free. Natural interaction is 
achieved through clever designs that 
constrain the problem in ways that 
are transparent to the user but fall 
within the capabilities of technology. A 
good user experience is achieved only 
through the hard work of individuals 
with domain expertise and empathy 
for those who are not like themselves.
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interact with the 
information rather 
than by the chipsets 
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or the OS.”
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