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Prologue

Such startling advances and cost reduc-
tions are occurring in microelectronics
that we believe future systems will not be
characterized by their memory size or
processing speed. Instead, the human
interface will become the major measure,
calibrated in very subjective units, so
sensory and personalized that it will be
evaluated by feelings and perceptions.
Is it easy to use? Does it feel good? Is it
pleasurable?

It is this interface that will bring com-
puters directly to generals, presidents of
companies, and six-year-old children.
Thus, we ask the reader of this report to
think about its contents in two ways. One
is to judge the specific value of spatial
constructs for nonspatial data. The other
is to appreciate the general intention of
making sound, visual, and tactile inter-
faces to serve conjointly as the modes
and media of interaction with a comput-
ing resource, at once transparent and
ubiquitous. Such quality is no longer a
luxury but a requirement.

Nicholas Negroponte
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A l l &  WW2 The Concept

The basis of spatial data-management is
accessing a data item by going to where
it is rather than referencing it by name.

Consider what occurs when you retrieve
a book in your home library. You look at
the left-hand bookcase, second shelf
from the top, say, and scan about two-
thirds down the shelf for a certain book
spine. Thus, the book is located not by its
title but by its customary site in a space
defined by other books and the book-
case itself.

Consider how people ordinarily find
items on their desk tops: the appoint-
ment book is up and to the right; the tele-
phone is in the lower right corner; high
priority memos are kept in an "in" box
immediately to the left of the desk blotter;
less urgent items are in the file folder, top
middle of desk; and so forth.

The person who uses this desk has
organized the layout of items in a more or
less systematic way. He or she refers to
them constantly throughout the working
day: reaching in that direction, that far,
up, down, to the right, to the left. Through
this activity, a mental image of the layout
of the desk is elaborated in the "mind's
eye." Additionally, through constant tac-
tile interaction with the items, reaching for
and touching them, a "motor memory" of
where things are arises as well. A script
for the act of retrieval becomes encoded
into the musculature, as it were, accord-
ing to where the item is located.



The practical importance of this spatial
principle of organization is illustrated
when someone happens to disturb our
familiar arrangement of things. Perhaps
some well-meaning soul tries to tidy up
our seemingly chaotic desk top. Rather
than being a benefit, the now "well-
organized" desk is for us an organiza-
tional disaster: the former "messy"
arrangement was a familiar and well trav-
eled ground whereupon we could go
directly to what we wanted. Such a loss
of a familiar spatial layout can impress
upon us the extent to which we take this
subtle but powerful principle of organiza-
tion for granted in our daily lives.

An even more striking instance of the role
of spatiality in common experience is the
coherence and persistence of "imagery."
Two individuals, arguing a topic in front of
a blackboard, will refer each other to dia-
grams, equations, and terms on the
basis of where they had been written,
even long after they have been erased!

It is surprising how pervasive the under-
lying notion of spatiality is, even in sym-
bolic modes of thought. Consider a file of
three-by-five notecards, organized
alphabetically, but without letter tabs
showing. "Filed under the letter R" trans-
lates into a tactile estimate of how far
down the row of cards we must reach.
The same holds true for a dictionary with-
out thumb indexes. When we want to
look up a word beginning with the letter
R, we "guesstimate" where we should
open the pages of the book to begin our
search. Thus, /3 is somehow a relative
distance, as well as a letter. There is
more spatiality implicit in what is ordinar-
ily thought of as symbolic retrieval than
we may realize.

In summary, it is precisely the insight
about how we tend to retrieve items from
desk tops, from files and bookshelves,
even from erased blackboards, that lies
at the heart of the spatial data manage-
ment concept: we find items on the basis
of a more or less definite sense of their
location in a familiar space, which space
may be actually present or remembered.
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This well-evolved human ability to
organize information spatially remains
essentially untapped in the realm of
computer-based information handling.
Typically, in such systems, retrieval on a
symbolic or name basis is the norm, and
must be the norm because the conven-
tional keyboard interface is too limited a
channel, the wrong mode and medium,
to begin to offer the user a direct, palpa-
ble sense of spatiality.

In the spring of 1976. the Architecture
Machine Group at MIT proposed to the
Cybernetics Technology Office of the
United States Defense Advanced Re-
search Projects Agency (DARPA) a pro-
gram of research organized under the
title "Augmentation of Human Resources
in Command and Control through Multi-
ple Media Man-Machine Interaction...
Intrinsic to the ensemble of studies out-
lined in the proposal was a study recall-
ing the ancient principle of using spatial
cueing as an aid to performance and
memory: the "Simonides Effect."

Simonides was a poet of ancient Greece
famous for his ability to give long recita-
tions entirely from memory. His secret,
which as a teacher of rhetoric he shared
with his students, was to tie each suc-
cessive part of a to-be-remembered
poem or speech to a specific locale
within the mental floor plan of either an
actual or imagined temple. Around the
floor of the temple were statues, serving
to augment the imagery of specific
niches or corners.

To commit to memory a long poem or
speech, the orator would pause in his
imagination before the threshold, and
with this mental image in mind, commit
the introductory remarks to memory.
Then, for each successive subsection of
the talk to be given, the orator would
mentally walk from place to place within
the temple. rehearsing the appropriate
material before some specific piece of
statuary. The resultant path about the
temple would then serve as a mental
schema to organize the speech upon its
eventual recitation, the speech being
retrieved and reconstructed during ora-
tion by way of an imaginary tour from
statue to statue around the temple floor.



Another study outlined in that same pro-
posal looked to the exploitation of virtual
spatiality as a matrix for organizing infor-
mation: the "virtual bulletin board." This
term refers to the formulation of an
implicit space which occupies no "real"
space but can nonetheless contain a
great deal, as well as offer the same
spatial organizational cueing as to the
whereabouts of material that real work
surfaces do. The tacit size of a "field" of
information to be portrayed in computer
graphics need not be limited by the size
of the physical display. Since it is virtual,
its apparent size and graphic organiza-
tion are open to user definition in the
unconstrained sense of Ivan Sutherland's
characterization of a computer display
as "a window on Alice's Wonderland"
("Computer Displays," Scientific Ameri-
can, June 1970).

These two spatial themes specifically
resonated with Dr. Craig Fields, Senior
Program Manager in the Cybernetics
Technology Office. As a result we started
to explore the potentialities of a spatially
oriented data management system, "a
multidimensional window into data." The
outcome has been that over the past two
years, under the aegis of DARPA, the
Architecture Machine Group has been
experimenting with the creation of an
information management system whose
distinguishing characteristic is that it
exploits the user's sense of spatiality for
purposes of organizing and retrieving
data: a spatial data-management
system, or SDMS.
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This page: The monitor to
the user's right as seen over
the arm of the user's chair.
Fingertips of user's hand are
on the small joystick. On the
chair's arm, immediately in
front of user's hand is a small
touch-sensitive pad ready for
capture of fingertip gesture
input. The other arm of the
chair is similarly instrumented.

Opposite page: The absence
of any desk-like appur-
tenances situated in front of
the user lends a tone of imme-
diacy and directness to inter-
action with data. At the upper
right corner of the large
screen, one of the sound
system's speakers is clearly
visible.

The lapboard and stylus are
not featured in these illustra-
tions. For a view of them, see
illustration at top of page 48.
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The Setting

The setting of our experimental version of
SDMS is a multiple media information
place. It can be construed as an image
of an office of the future.

The physical aspects of our "media
room" are easily described. The media
room is about the size of a personal
office. The focal point of the room is a
wall-sized display screen. Directly in
front of this large screen is an instru-
mented Eames chair. On either arm of
the chair is a small, pressure-sensitive

"joystick." Adjacent to the joystick on
each arm is a two-inch-square touch-
sensitive pad. Also associated with the
chair as complementary instrumentation
is a ten-inch-square data tablet, with sty-
lus; the tablet is upholstered to serve as a
lap pad. This tablet bears added instru-
mentation: a small microphone mounted
at its top edge to allow voice input.

Two small television monitors are situated
one on either side of the chair. Each of
these monitors is touch-sensitive so that
the user can point to data or can input
gestures indicating actions to be taken.

Finally, eight loudspeakers provide
sound output for the media room. Four of
them are placed around the perimeter of
the large-format display to the user's
front. The remaining four are correspon-
dingly arrayed to the user's rear. Octa-
phonic sounds can be presented to
the user as coming from various appar-
ent directions in the space of the room, in
coordination with actions on the visual
display. The rate of playback is variable
so that dynamic sound/motion effects,
such as Doppler shifts, may be achieved.
We call these "sound-synch graphics."

Notice that there is a conspicuous, but
not mandatory, absence of a keyboard.

The configuration described is one
which evolved through previous work for
the Office of Naval Research (Contract
number 0014-75-C-0460) and over the
course of our experimentation, but this
precise ensemble is certainly not the only
one that might have been adopted. The
kernel notion of managing data spatially
is not necessarily tied to a room-sized
terminal into which a user goes versus a
desk-top arrangement in front of which
he or she sits.
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A television projector in the
room adjacent to the media
room back-projects upon the
large screen to the user's
front.
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The relaxed ambiance conveyed by the
presence of a chair of the Eames genre
in lieu of something more utilitarian is
intentional, however. It reflects convic-
tions and positions about the nature and
tone of human-computer interaction that
we have attempted to actualize in the
media room setting. Just as the hands-
on immediacy of touch-sensitive pads
suggests a literal impatience with intan-
gibles about data, so the decor as epito-
mized in the selection of the style of chair
rebuts the premise that system users
must live in severe, ascetic settings.
(See the Prologue to this report.)

We have attempted to create an interface
which is not a tiny, narrow-band "port-
hole" into an information bank, that bank
itself an abstractly addressed set of
intangibles. Rather, we have attempted
radically to recast the setting as an "infor-
mational surround" wherein the user is
directly engaged with data bodied forth
in vision, sound, and touch, data inhabit-
ing a spatially definite "virtual" world that
can be interactively explored and navi-
gated.
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Faces which are unrecogniz-
able and tiny on Dataland as
seen on the "world view"
monitor become detailed and
clear when zoomed-in upon
on the large screen.

The level of visual detail in items pro-
vided on the auxiliary world-map view
deserves comment. In everyday life, we
need some minimal amount of visual
detail to identify an item that we have
never seen before. If an item is small in
size, or small because distant, it can lack
sufficient shape or figural detail to enable
us to discern what it is. However, recog-
nition of already familiar items requires
less figural detail. We readily recognize
friends way down a street, at distances
where visual acuity is insufficient to pro-
vide facial details. We recognize them on
the basis of gait, relative size, general
shape or -visual envelope," as well as by
context, that is, by expecting a figure
with such-and-such-color clothes to
appear in such-and-such a place.

Or. take the example of a Coca-Cola sign
down the street. At a distance at which we
cannot distinguish the individual letters
of the sign, we yet recognize it as being a

"Coke" sign. The fact that it appears over
a drugstore or variety store supports
contextually this act of recognition.

A similar principle holds in the area of
audition. On a certain popular television
game show ("Name That Tune"), per-
sons who are particularly well informed
about popular music as well as alert can
sometimes identify ("recognize") a song
on the basis of no more than its first two
or three notes. Consider, for example, the
first two notes of the melody ''Auld Lang
Syne." The clue that the song about to be
heard is associated with a holiday, the
distinctive tonal interval of the first two
notes of the song, can be sufficient to
define the intersection of context (New
Year's Eve) and tonalities, as, indeed,

"Auld Lang Syne.

The recognition situation, as opposed to
the identification situation, is what we
anticipate to be the operating condition
for the typical user of SDMS. That is, the
array of highly familiar items in Dataland
is "searched," not by a deep visual anal-
ysis of every item before one's view, but
by relatively "shallow" visual processing,
quite adequate for the recognition of
familiar items in familiar places.
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If a user has been working with a certain
personal Dataland configuration for
some time, it is reasonable that all that
should be needed on the auxiliary view
of Dataland is sufficient detail to recog-
nize items readily on that surface. With
constant usage certain items could
undergo further reduction in visual detail,
even to the extent of becoming simple
colored squares, circles, or triangles.
This extreme represents a "cueing" situ-
ation, rather than a recognition situation.

Qualitatively, the figural resolution of
items in Dataland as they appear on the
world-map monitor fall in the intermedi-
ate range on the spectrum: cueing, rec-
ognition, identification. That is, they serve
readily for recognition by an accustomed
user, but not necessarily for identification
upon a first-time look by a new observer.

Perceptibility indeed differs somewhat
from item to item. For example, the
LAN DSAT satellite image does look like
some bit of geography; but it is not clear
whether, from a farthest-out view, it is a
LAN DSAT view, a map, or a drawing.
The user who knows what it actually is of
course readily identifies it and refers to it
as "the LAN DSAT photo." Or, consider
the set of photographs in the southeast
corner of Dataland. They are sponta-
neously classifiable as photos, but even
for those who are personal acquaint-
ances of the people pictured, the photos
are ever so slightly too small and unde-
tailed to permit positive identification
without zooming in. Nonetheless, it is
clear from "afar" to any observer that the
items are in fact photos of faces.



Sound, too, can be an invaluable naviga-
tional aid. In SDMS, space as cued by
sound can have an implicit extent much
greater than that bounded by the visual

"window" onto Dataland given by the
large-screen view. Off-screen voices,
becoming gradually audible as one
approaches some item or area, can
serve to orient and guide.

Two examples of sounds that we have
employed include:

1
an off-screen voice, in stereo, reciting

"This is MIT.. .This is MIT...," the voice
leading the traveler in Dataland first to
the vicinity of, and then to, a certain
"glyph" bearing the initials MIT, which
was the source of the sound;

2
a gray telephone with white touch-tone
buttons (not activated for "dialing," but
potentially so), which rings louder and
louder upon approach.

These and other sounds did much to
create a sense of "region" and "neigh-
borhood," a feeling of proximity, much as
the bells, hammerings, traffic noise, and
playground chatter of the real world fill
things out. At moments in navigating
across Dataland, depending upon the
route taken, sound can be the sole direc-
tional cue, should one momentarily not
be consulting the "world view" auxiliary
monitor but watching the large screen.

We note in passing that the user is given
interactive control of the loudness level of
sound through gesturing upon either of
the small, touch-sensitive pads on the
arms of the chair. Circling with the finger-
tip in a counterclockwise direction atten-
uates the volume of sound, and a circling
gesture clockwise causes volume to
increase.

With respect to navigation around Data-
land, we have so far talked only about
movement over the surface of the plane
of data at a constant "altitude." How then
does the user manage to get at the data
detected at a distance?

The Northeastern Coast of
the United States seen from
afar. A satellite image of the
New England coastline is
inset at the edge.










