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ABSTRACT

The following pages outline a five-year
program of research into the application
of artificial intelligence technigques to
interactive systems, emphasizing computer
graphics. The unifying theme is that of
a "graphical conversation theory," a for-
mal interpretation of discursive communi-
cation including the widest variety of
modes and media, simultaneously enriching
and transparent.

There exists little precedent for a
strictly graphical conversation. At
best, in lieu of graphical dialogue, we
find graphical monologues augmenting ut-
terances. Moreover, we perceive computer
graphics to be in a conservative state,
weighed down by its line-based origins,
confined by small windows into large
worlds, and derailed by the difficulties
of graphical input. The spirit of this
proposal is to burst out of this recalci-
trant shell into languages of sounds,
gestures, shape, and color orchestrated
by the user with objectives to satisfy
the varying demands of engineering, edu-
cation, office automation, artistic ex-
pression, and home recreation.

The proposal introduces paradigms for in-
teraction and mediation, conversing with
one's self and conversing with others.
These are elaborations culled from verbal
conversation theories and from experience
with highly interactive computer graph-
ics. These are followed by an array of
tasks and landmarks that progress from
terminal-like activities to room-like
surrounds, implementing such fantasies as
sound-sync drawing with one's eyes.

The proposal results from and is the con-
tinuation of momentum gained over six
years of NSF support in computer-aided
design, augmented by industrial and other

federal sponsorship, extensively reported
in the Appendices.
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1.0 INTRODUCTION

The proposal is noticeably long. This is
because we are trying to establish a the-
oretical foundation, to report on a his-
tory of experiments, and to propose an
agenda of new research. Recent encoun-
ters, publications, and symposia lead us
to the conclusion that very little atten-
tion is being devoted to interaction in
the deepest sense of the word. We genu-
inely believe that computer science is in
desperate need of richer interfaces with
people. This is especially true in a
time when we can foresee plummeting costs
and skyrocketing power, hand in hand.

Two levels of argument are intermixed
throughout this section and the entire
proposal. At one level, we can liken the
present situation in computing to the
hand calculator market where costs have
dropped and capabilities have risen to
the point that the manufacturer is forced
to look at the interface to find a com-
petitive edge (feel of the keys, lumi-
nance of the numbers, importance of hard
copy, and the like). The consumer de-
votes relatively little time establishing
the level of mathematical sophistication
required and spends a great deal of time
testing to see "if it feels good." We
are implying that the hamburger jingle
"have it your way" might be mapped into a
growing population of powerful, personal
computers. To evaluate the interface on
the basis of "I like it" is not a di-
sheveled scholarly approach, but is, we
argue, the epitome of creative computing.

Another level of postulate surrounds the
differences and similarities between in-
terpersonal and intrapersonal conversa-
tion. 1In both cases the computer makes
possible the achievement of certain kinds
of understandings. Additionally, the
conversation has justification for its
own sake, namely, traveling is as reward-
ing as getting there. 1In short, we in-
troduce this volume with the philosophi-
cal stance that computers can offer the



highest form of personalization'api be
the richest amplifiers of creativi Yo
though currently they are not.

The first Chapter of the proposal 1ntro--
duces the concept of "graphical conversa
tion theory." What is a graphlcal con-
versation? Why is it important? And how
do you know when you have had one? We
interweave these questions with explana-
tions of the characteristics of a grgph-

‘ ical conversation, the notion of_an in-

i telligent system, and the specifics of
computer architectures.

The following two Chapters bisect the
problem into interaction and mediation.
They have been written quite purposively
avoiding specific reference to techniques
for interaction in order to leave open
the definition of hardware and to stay
free from the present-day realities of
what a machine can and cannot do. 1In
most instances examples are drawn from
human-to-human discourse or from personal
experiences that are widely shared.

Chapters 4.0, 5.0, and 6.0 compose our
five-year scenario of approaches, proj-
ects, and tests. They are heavy on tech-
niques and attitudes, and judicious in
the application of formal testing in the
genre of experimental psychology. 1In
some cases we have gone out on a limb,
postulating display and input technolo-
gies that some people might argue will
not be available even five years from

now.
’ Chapters 7.0, 8.0, and 9.0_are "boiler- This photograph first ap- ;
: plati," ghgy hgve been printed on gray MMﬁcmEdwmdSmmm ¥,
i stock, and divide the three-hundred pages Protacr e mily of Man. A
b of append;ces from.the main text. Tgeg LZT::OSL‘Zngﬁ?:)neSYOf %
gray sections are included to convince Q\‘
the reader that some of our fancies are ':ﬁQ
not so fanciful, that we are at the lead- ‘?.
ing edges of various relevant technolo- b
| gies, and that we will stay there. » ¢
1]}‘ large measure of our position is based on L 9
il convincing the reader that we have the *5‘
(1] I kind of industrial support that will 5

ff)' bring to our attention technologies that

e




Un%y marginal attention has been
pé.lld to undoing stylistic
differences.

might otherwise take two or three years
to permeate into the field.

The last of these gray pages is the pro-
posed budget, the total of which is
strikingly high because of the five-year
duration. We feel strongly about this
level of continuity in order to pursue
what we believe to be a very complicated
problem for which research time is more
important than research size. On a year-
to-year basis, the budget, measured in
constant dollars, is lower than our cur-
rent NSF funding. In part this is be-
cause we have extracted a large applica-
tions component of our current effort.
But in greater part this is because we
expect to continue to attract concurrent
research which is both more mission-
oriented and applicable to our results.

Finally the reader is confronted with the
appendices, which are preprints or recent
reprints, germane to this proposal.

There is a large number because of the a-
contextual nature of many of our proposi-
tions. We allude to the appendices in
every section in order to provide exem-
plars or evidence that might otherwise be
lacking. It is important to add that,
during the three years of our current
grant, two books have emerged: Soft Archi-
tecture Machines (MIT Press, 1975) and Com-
puter Aids to Design and Architecture (Petro-
celli/Charter, 1975). With the exception
of Appendix I, a reprint of Dr. Gordon
Pask's introduction to Soft Architecture
Machines, the contents of these volumes
have been subsumed in the following text.

A final note on style. This proposal has
been written by nine people who include:
an experimental psychologist
a computer scientist of graphics
upbringing
an operating systems expert
a hardware specialist
a cybernetician
an actor
an architect
a color theorist
a technical voyeur

: :
dibdd



1B wWhere Words Fail

: n
In some quarters the venerable maﬁlm a
picture is worth a t+housand words"” 1S

undergoing careful scrutiny.

Recently there has been a flurry of ac-
tivity among psychologists toward the
end of contrasting experimentally the
relative efficacy of words versus plC-—
tures with respect to, for example,.the
memorization and recall of information
and the utility of verbal encoding versus
imagery in cognitive tasks generally.
Indeed, one recent article has been
entitled "Some of the thousand words a
picture is worth," suggesting that the
current exchange rate may be as deter-
minable as that for changing francs into
marks, or lira into dollars.

However, there is little dispute that
the question is an important one, for it
impinges upon the deeper question of how
any of us gains information about the
world (perception), how we process that
information (learning; memory; cognitive
processing), and how we communicate with
others (linguistics; communication the-
ory). One cannot help but wonder, ac-
cordingly, whether or not there is some
deep sense in which words and pictures
are profoundly different as modalities.

The noted philosopher and theoretician

of art, Susanne K. Langer, has essayed

this question in her seminal book Philoso-

phy % Words, she maintains,
are preeminently discursive in nature;
that is, verbal symbolism, indeed all

/ language as such, has a form that demands

L that ideas expressed in it be disclosed
linearly and sequentially, even ideas
that are inherently all-of-a-piece. An
important consequence of this is that
ideas that do not lend themselves to
this peculiar ordering become ineffable
or inexpressable, through words. 3

pnRy wn a ew nrey .

\ This property, however, does not entail
f‘” . the notion that only linguistic, discur-
TN, sive forms of thought have order ang

L) rationale:




' Langer, Susanne K., "Philosophy Visual forms -- Zgneg, :oizgiézgn;“ ;‘!q:
I s Bponl po§?10222i2zf'i-; apiqu§mp§ex cbmbiéat%on, ;, f
g Univgrsity . Y Z: ;gzds. But ;h;’laws that govern this sort 1
of articulation are altogether different Jrrom f

the laws of syntax that govern language. Th.

most radical difference is that visual forme
I l-'l are not discursive. They do not present

their constituents successively, but simul-

taneously, so the relations determining a

& visual structure are grasped in one act of
vigion. Their eomplexity, comsequently, is

L not limited, as the complexity of discourse
ts limited, by what the mind can vetain from

—3

| the beginning of an apperceptive act to the
2 end of it ... [Langer, p. 93; emphasis
“ : in original]

The possibilities afforded by the visual,
the presentational, are not without qual-
ification. Professor Langer continues:

.+« Of course such a restriction on
discourse sets bounds to the complexity of
speakable ideas. An idea that contains toc
many minute yet closely related parts, too

many relations within relations, cannot be
"projected" into discursive form; it is
too subtle for speech ... [Langer, ParEgiSi
emphasis in original]

g

The symbolism afforded by the apprehension
of forms nonetheless provides a valid
realm for the projection of ideas that
defy linguistic portrayal. On the other
hand, realization of the extent to which
the human nervous system can "make sense"
of kaleidoscopic color arrays (or of
sounds, noises, tactile sensations) and
oo A S = render them as "things" has wrongly en-

Text

7 on PR A g
(gl ﬂjgj E e

Bonen (011 FTDBWOB- B ®

transliteration h-3¥-e-3a y-to-kok i-g-mn-a ka- haw

couraged the notion that there is a "lan-
guage of the senses," or a "language of
form," and so on. Langer avers that true
language has essential features that are
missing in the presentational sphere.

Tecnstructon hadesoh v  tok- Kok igamno ko ehaw
tramslation [c..,.- b,] his berning-fire Itzemna ocur lord

Coogrs First, every true language has a vocabulary
l tredtiona haxezsh u tooc kak ltzemna ca ahau | and.syntax. The elements are words, and
| ortheyrophy . JE{?¢| their meanings are fixed. Second, word
} $¢$”PE¥£;§£ZE¥1: ' éié" eguivalencie; are established; it is pos-
‘ et | rstonds un pee"con oo }L&ffi' sible to dgflpe words, that is, to con-
[$L$Twﬂh§3“" SHES struct a dictionary. Last, different words
Lif'“gwﬁfﬂfxfﬁxii = o may be used to convey the same meaning,

Bloguil ' = E e ) specifically, translation is possible
’ \mahss of 3 Maya nce take page 3 he C i

ol ot S s (Langer, p. 93-97),




atures are profoundly
ymbolism. In a
the elements are

dent meanings, but
Consider

In contrast, these fe‘
lacking in nondiscursive S

picture, for example,
not units with indepen
are patches of light and shade.
a photograph:

.+. [The gradation of light and.shade]
cannot be correlated, one by one,‘w?th parte
or characteristics by means of which we mught
deseribe the person who posed for the por-
trait. The "elements" that the camera
represents are not the "elements" that lqn—
guage vepresents. They are a thousand times
more numerous. For this reason the corres-
pondence between a word-picture and a vigible
object can never be as close as that between
the object and ite photograph ... . That i8
why we use a photograph rather than a des-
eription on a passport or in a Rogues' Gal-
[Langer, p. 95; emphasis in
original]

te

Lery.

The ability of a picture or photograph to
render a one-to-one or element-by-element
correspondence with its subject, as elab-
orated by Langer, is referred to by Rudolf
Arnheim in his book, Visual thinking, as
"isomorphism":

The principle virtue of the visual medium

s } o DO O% ” ~y o y
i8 that of representing shapes in two-dimen-
=g

to the one-dimensional sequence of verbal lan-
guage. Thig polydimensional space not only
ytelds good thought models of physical objects
or events, it also represents isomorphically
the dimensions needed for theoretical reason-
ing. [p. 232]

But Arnheim seems also to be saying that
the visual representational mode is suit-
able for "theoretical reasoning" as well
as representing shapes. This contrasts
with Langer's theme that visual forms,
being nondiscursive, are not consonant
with theoretical reasoning insofar as this
way of thinking is linear and sequential
in nature.

Langer's philosophical agenda in Philosophy
in a New Key was to plead the case that the
realm of pure form had an inherent "logic"

of its own, that this "logic" wasg not that

’ “u Tt "; X -
L and three-dimensional space, as compared

GalNAc

Gal

Xyl
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Langer, Susanne K., "Philosophy of linear, discursive thought, bui; rat.:hgr ;') 1

in a new key", Cambridge, Mass.: was attuned to the sentient, the intuitive. 1k

N Harvard University Press, (1960) Music, for example, was an analogue of p
emotion. Langer's intent was not to play TN

: off these intellectual and affective modal- ”,J;
2 0 ities one against the other and then to i/

argue that one was somehow better in an ,}j
absolute sense than the other, but rather to |
contrast them so that the potentialities of jﬁﬂ“
either mode were appreciated in terms of

Ning each one's own sphere of action.

Arnheim, in comparing and contrasting the

linear and verbal with the simultaneous '!'.
and visual, invokes the notion that repre-
sentation in discourse need not be re-

stricted entirely to one mode or the ‘
other; the relevant issue is that of the
ratio of one mode to the other along the
dimension of isomorphism with the refer-
ent:

7 All media of representation can rely

i on igomorphic and on non-isomorphic refer-

ences. They are partly analogues, partly

signe. In principle, there is no difference
in this respect between verbal and non-verbal
languages. The most important difference

in practice is8 one of ratio. In the visual

area or in music, for example, strictly non-

t8omorphic references are exceedingly rare.

In verbal language, they do the most work.

A continuous gamut of shapes leads from the

least to the most isomorphic media; it in-

SNE cludes such intermediate features as onomato-
poetic speech sounds, ideographs, allegories
and other conventional symbols. To put verbal
language in a class of its own is migleading.

)) [Arnheim, p. 251]

Arnheim, R., "Visual thinking",
Berkeley and Los Angeles, Calif.:
University of California Press,
(1969)

| % b g (T hevmbe In @ts isomorphic aspect, the visual
o Tedlum (read "graphical") is, for Arnheim,
‘ LA g -+ +S0 enormously superior [to words] be-
5559 ‘ cause 1t offers strucural equivalents to
Koo “he PSS all characteristics of objects, events,
: o | relations" (Arnheim, p. 231). The utility
e T of language in enabling thinking cannot
B it | il bt ol sovey nosicstzan pe that of thinking in words as such, but
: in thg ability of words to make available
to thlnking more appropriate media such
Bl |imloxaior do as visual imagery. Concepts, which may
B Rvasssis |l gnn pe i be referred to by words and propositions,
. =l e are, for Arnheim, "perceptual images";
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pylyshyn, Z., "What the ming'g

the operations of thought are precisely eye tells the mind's braine
the handling of these images. psychological Bulletin,eof

(1973) , pp. 1-23

It is evident from the expositions of
such thinkers as Langer and Arnheim that
not to have a proper concern for the
graphical component of discourse is to
falsify discourse; this component cannot
be selectively ignored or passed over,
Lecause it interacts intimately with the
verbal, discursive, and primarily non-=
isomorphic component.

our focus of concern is on discourse,
conversation if you will, through and

with computers, involving one Oor more
human users. Our emphasis in this pro-
posal is on the graghical component,
broadly conceived, of such discourse,

and our intent is to explore and elaborate
the implications of this component for
man-computer dialogue. Central to such

an effort is a formal, comprehensive Press,
theory of conversation.

Hannay, A., "Mental images: a
defense", New York: Humanities
Inc., (1971)

Paivio, A. and I. Begg, "Pic-
tures and words in visual
search", Memory and Cognition,
3, (1974), pp. 515-521

Potter, M.C. and B.A. Faulconer,
“Time to understand pictures and
words", Nature, 253, (1975), PP:
437-438

Friedman, A. and L.E. Bourne,
qr-, "Encoding the levels of
information in pictures and
words", Journal of Experimental
Psychology: General, 105,
(1976).,. pp. 169-190/ "

Mandler, J.M. and N.S. Johnson:
"§ome of the thousand words &
Picture is worth", Journal of
Experimental Psycholoqy; Human
Learning and Memory, 2 (5).
(1976),, pp. 529-540
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1) Conversation Theory

A conversation is a series of understandings

between participants. These words are
used in the technical sense develioped

(as a conversation theory) in connection
with work on human learning, decision,

and design, where the tasks to be done,
and/or the knowledge to be gained, are
large enough to count, as realistic

rather than "laboratory sized." As a
rule, such situations involve several
participants and are handled, in prac-
tice, by the liberal deployment of machine
augmentation and by the encouragement of
man-machine interplay (which is not to be
confused with man-machine conversation;

as it stands, participants engage in
dialogue with each other, not with machines
or computer-implemented aids, however
intelligent these may be).

The largest present application of conver-
sation theory is to educational and cog-
nitive psychology; hence, the ideas and
methods are readily illustrated in this
field of research. Further, the salient
results are most easily highlighted by
comparing and contrasting findings in this
area with those of other methods currently
in use.

For example, classical behaviorism (stim-
ulus response theory) adopts the input/
output situation as basic and, with it,
the paradigm in which measurements are
made at an interface between the organism
and its environment. The measurements/
observations in question are surely ob-
jective (i.e., it referenced): however,
difficulties crop up when the organism

is a human being; not the least of which
is that phenomena involving conscious-
ness are, by definition of the paradigm,
excluded from theoretical consideration.
This consciousness appears as an epiphe-
nomeénon or, at best, a correlate of brain
activities and processes.

The difficulties are far less obtrusive
if the basic unit of observation and
measurement is taken to be a series of
transactions (henceforward a conversation,



ta be stipulated are satis-
between

if the conditions :
fied) that form part of a'dlalogue
participants in a conventional language

and that refer to a domain of topics Or
behaviors.

Ample precendent for this point of view

is furnished by the work of Piaget,

Luria, and Vygotsky; who have used
"question-probing interviews" or."palred
experiments" in their investigations.
Typically, the subject and the experili-
menter (or, in the context of education,
the student and the teacher) are both
regarded as participants in the dialogue.
Their catalytic role (provocateur to 1in-
formation source or mentor to student) i§
well specified, but their systemic/organi-
zational boundaries are not, because the
dialogue, which is deliberately encour-
aged by this technique, exteriorizes
normally private cognitive and conative
operations as stretches of utterance in
the conversational language. The utter-
ances in question are said by this theory
to image concepts in the participants'
mental repertoire. Concepts are regarded
throughout as executable, mental procedures
rather than, for example, as stored
patterns. 1Insofar as the technique is
successful, one participant literally
reprograms (shares mental procedures with)
the other, and vice versa. The core of
the dialogue is a series of agreements
between the participants in which one
agrees to an explanation. This topic or
event is pointed out by the other (using
an implicit or explicit "how" question to
evoke the explanatory reply. Further,

the participant agrees to a derivation,

or account of how this correct explanation
was offered, rather than an indefinitely
large number of other correct explanations/
derivations, of precisely the same topic,
all of which might have been offered.

Such agreements (explanations and deriva-
tions together) are known as understandings,

On theoretical grounds it can be argued
that understandings reflect a process
whereby a class of executable procedures
(concept) has become stabilized by the
prior existence or acquisition of other
procedures that are capable of
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reconstructing members of this class grom MRJ#
concepts for other topics in the domain. LR

"1
. . “H
With this background in mind, we return 1”,Jq
to the beginning of this subsection and u p”
define a conversation as a series of pieh
understandings between participants in A}}
the context of a domain, which consists 9
of a representation of what may be known nf
and done.

There is an outstanding problem: How

does one recognize understandings and .F!.
insure that they take place? (The
dialogue does not, for example, degenerate
into haphazard repartee.) If the con-
versational language is a natural lan-
guage (as tacitly assumed until this ——
juncture), then the problems are commonly
acknowledged and are chiefly bound up

with the facile and unambiguous interpre-
tation of natural language expressions.

To avoid these difficulties, mechanical-
symbolic languages have been employed as
surrogates in order that verbal explana-
tions/derivations can be replaced by
nonverbal explanations/derivations, the
validity of which may be sensed by suitable
algorithms. Something of this kind was

done, without recourse to a theoretical
framework, by other researchers. For

example, Piagetian interviews often refer

to a collection of objects or puzzles, and

as a closely fitting example, the program-
ming language LOGO is used to build models
(interpretable programs) that, upon execu-
tion in the computer and its peripherals
(Turtles, Music Boxes) realize the topic
under discussion. It is essential to make

a distinction between the behavior of a

model (interpreted program) when it is
executed by the computer and the behavior
involved in creating and correcting the

model (program). Only the latter behavior

‘ counts as a nonverbally-exteriorized ex-
planation, representing the existence of

a concept, though it is true that human

beings are able to behave otherwise.

For example, a human being may execute

the concept that the exteriorized program
represents and act out as an unqualified

behavior, the motions of a Turtle or its
homologue.

— =




ed to vouch, nonver-
onstructi-
t is
There must, at
least, be some other modeling facility,

More than this is need
bally, for the stability of rec
bility of a concept if that concep
exteriorized nonverbally.

akin to the LOGO computer but tied, 1n_
this case, to the knowlege representation
of a conversational domain. The partici-
pants are thus able to model their deri-
vation(s) of concept(s) from their own
preexisting concepts for other topics,
which also belong to the conversational
domain. Such nonverbal derivations are
called "learning strategies" and "teaching
strategies" in the referenced literature
and are usually displayed visually, to
both participants, by means of state
markers distributed over a replica of the
knowledge representation, which we call
entailment meshes (see subsection 1.5.2).

Thus, to exteriorize a conversation, the
participants (shown as A and B in Figure
1) build up and agree about models that
will, if correctly executed, realize
topics (such as topic T in Figure 1).
They are also required to build up and
agree about at least one, and possibly
many, models for the derivation of topic
T (for instance, in Figure 1, participant
A reconstructs topic T from topics P

and Q while participant B reconstructs
topic T from topics R and S). Notice,
also, that A's explanatory model for T
(representing A's concept of T) need not
be identical with B's explanatory model
for T (representing B's concept for T).
It is only required that A and B are in
agreement that execution of these models
"does the same thing" (the equivalence
or®¥ ——""igign in 'Figure 1), that is;
that an interpreted relation called topic
"T" which is currently ostended (pointed
at) is realized and satisfied.

Figure 2 reconciles these lingquistic
notions with a special variety of behavior-
ism -- a many-sorted behaviorism, charac-
teristic of conversation theory (the
stretches of explanatory and derivational
behavior that represent understandings)
These many-sorted behaviors are suggested
by the labels in Figure 2, though, in
general, as many kinds of behavior are
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distinguished as may, under given condi- it
tions, be needed to express the fact gJ
of understanding. The most readily ;“7;4
implemented conversation is known as a ‘
strict conversation. Checking heuristics
are used, to guarantee that all topics ;
said to be agreed are, in fact, under- |
stood; the most economical type of heur- fﬁ}
istic incidentally ordains that topics &ﬂﬂf
are understood in a linear sequence f
(S before T, for example, or vice versa).
This kind of regulatory heuristic imposes
a restriction upon the representation of
knowledge as it is displayed, namely, .F'.
that, although the participants deal !
with different topics (perhaps simul-
taneously), they restrict their focus of
attention to one "perspective" or "point
of view" (in the referenced literature, e
an "entailment mesh" becomes an "entail-
ment structure"). Roughly speaking, this
constraint implies that the knowledge
representation of the conversation domain
is distorted from a fundamentally cyclic
organization into a union of trees, as it
would be if seen from a particular per-
spective. Strict conversations have
B served to delineate, for example, species

of learning strategy and teaching strategy.
But the strict conversational paradigm
has been rightly criticized as far too

-
/////’—s\\\\\ limiting and, consequently, unrealistic.
N 1, In more recent studies it has been pos-
\\\\\‘_’///// sible to relax the strict conversational

—

restrictions (1) by allowing participants
to adopt any chosen perspective (and to
generate "entailment structures" locally
mﬂﬂ from an underlying "entailment mesh"
ATION [ [Figure 3] -- an expedient essential for
- A experimenting with innovation), and (2)
153 by allowing the participants to act in
; the role of theorists or subject matter
experts (Figure 4) who modify and enlarge
the knowledge representation of the con-
versational domain.

£ Even laboratory realizations of these
liberalized conversational paradigms
(understandings that occur in a series
that is not linearly sequenced) call

for extremely flexible interface media;
for example, for simultaneous presentation

\— ‘\

Figure 4




of several potentially independent working
models. Serious applications in design,
management, and other fields contemplated
in this proposal are thus known, from
prior experience, to call for dynamic
graphic media and, in order to make sense
of the transactions permitted, a graphical
qonversation theory that is a substantial
improvement on and extrapolation of the
existing theoretical structure.
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1.3 Interpersonal Versus Intra-
personal Dialogue

Participants A and B were delibe;ately
left unspecified during the previous
section, except that A and B constituted
organizationally or systematically dis-
crete and integral entities.

Any conversation relies upon participants
who converse. But the power of conversa-
tion theory would be severely restricted
if the theory could only accomodate in-
terpersonal conversations; that is, con-
versations in which A and B are identified
as different people (as shown in Figure
5). In fact, people do 1learn on their
own, people do direct their own attention,
and people do act as isolated inventors.
These possibilities are encompassed by

the theory sketched in Figure 6 where

A and B are identified with distinct
organizations coexisting in the same
brain. e

As a result of this construction, "learn-

ing on one's own" is rephrased as "teaching

oneself" and implies the postulation of
distinct mental organizations (A acting
in the same capacity of teacher and B in
the capacity of learner). Along the same
lines, the next phrase "directing one's
own attention" is supposed to designate

a construction in which "A directs B's
attention and B directs A's," where A and
B engage in an "internal conversation."
To rephrase the last example (creativity,
innovation, invention) involves rather
more than this since there is evidence
that, under these circumstances, A and

B may (perhaps momentarily) exist inde-
pendently, becoming dependent if, ‘ana
only if, the conversation brings about

an agreement between the participants.

All of these "internal dialogues" are
legitimate examples of intrapersonal
(rather than interpersonal) conversation.
Hence, it is reasonable to ask, "How much
of the internal dialogue is externalized
or exteriorized for observation and
measurement?" The answer to the question
must remain, "As much as possible." But



the inquiry is far from novel. Interper-
sonal conversation (A and B are two sepa-
rate persons) is equally open to question.
Interpersonal conversation depends upon a
contract between A and B and the experi=
menter to the effect that A and B will
converse. Failing that, A and B cannot
be forced to converse (as an organism
might be forced, by starvation, for
example, to behave in pursuit of reward).
In much the same manner, intrapersonal
conversation depends upon a contract

to establish and to maintain a conversa-
tion between organizations or systems 1n
the same brain (namely, organizations

A and B) that are to that extent regarded
as integral entities whose dialogue may
be behaviorally exteriorized. This con-
tract, essential in either case, is
imaged, theoretically, as the conversa-
tion itself and is intimately connected,
if not identical, with A's consciousness
of B and B's consciousness of A.
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Garner, W.R., "Attention: the
Processing of multiple sources
of information", in "Handbook
of perception", E.C. Carterette
and M. Friedman (eds.), New
York: Academic Press, 2, (1974)
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1.4 Characteristics of Graphical
Conversation

To draw, to scribble, to doodle, and to
"jot down" are graphical acts with which
we are familiar on a day-to-day basis.
Rarely does the medium draw, scribble or
doodle back at you; "jot up", so to speak.
In short, that dynamism of graphics is

not a commonplace occurance, and it is
precisely that dynamism that turns drawing
from a static memory medium into an inter-
active processing medium.

The following eleven subsections presuppose
graphics to include a universe of volatile
discourse, and not just lines. The term
"graphics" can be read as "nonverbal",
inclusive of dimensions of sound, color,
3-D projection, and entire surrounds of
multiple media (see Appendix III). 1In
other words, the graphical conversation

is not justified by the line-work of
projective geometry or diagramming, but

by the concatenation of shapes, colors,
sounds and systems of force feedback.
Similarly, graphical input is not just

a tablet or a light-pen, but fingers,
gestures and body movement.

It is critical to engage in speculation

at this point, leaving evaluation until
Chapter 2. Our user is not sitting in
front of an Imlac engaged in graphical
retort. Insteadheis in a milieu of his
own design, with ambient information strewn
in three-space. Each wall is a display,
his fingertips emit color, his desk is
virtual, and landmarks of sound guide

data from the periphery to the fovea of his
attention. The environment is built upon
redundancy.

Is such a vision a route to sensory over-
land and saturation, a computing circus,
or,_wor§e, a road to a seonc-rate psyche-
delic nightclub? Our premise is built
around "no" from two perspectives. One,
by gedundancy (Garner, 1974), be it across
medla or modes, we do not imply gratuitous
1nf9rmatlon but expansions of "field of
vision." Two, by multiplicity, be it of
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(section 3.2, Appendices II and IV).

tem, namely,




Michotte, A., "La perception de
la causalite", Louvain, (1946)

$Spragg, S.D.S., A. Fink and S.
$Smith, "Performance on a two-
dimensional following tracking
ftask with a miniature stick con-
#Erol, as a function of control-
display movement relationship",
Wournal of Psychology, 48,
8(1959) , pp. 247-254

Y Kaufman, R. and A. Rubel,

FUKINSYN: a minicomputer-
baseq interactive mechanism
design system", Proceedings
Of the 13tnh Design Automation
COnferanQ, (1976)
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g e | Liberality

The computer is the most liberal of all
available media. Its nature is limited
only by our imagination and our capacity
to interact with it. It can do more thap
merely describe a system. It is a dynamic
medium. It allows a human being to affect
and be affected by machine operations so
that the interaction is with a system
rather than, as so often imagined, with a
Turing representable machine.

Computer programs are able to simulate
"worlds." For example, FORTRAN programs,
data retrieval systems, and physical,
economic and social systems. The system
the user perceives need not appear to
obey the usual principles of computer
science, let alone the restrictions and
restraints of the physical universe.

With the addition of graphical interaction,
a considerably wider range of simulations
becomes possible. No longer restricted

to the one-dimensional nature of the type-
writer terminal, the user can interact
with the medium in a much more natural
way. Space and time, and thus motion,

are perceived directly, not as interpola-
tions of numbers typed on a console.
Moreover, the immediacy of graphics per-
mits an enhanced perception of causality
(Michotte, 1946).

These principles have been employed in

a wide range of computer-aided design
(CAD) systems. Two dimensional automated
drafting systems (such as Computervision's
Applicon's or Gerber's) simulate a rough
approximation of pencil and paper. The
user enters lines by graphically specifying
endpoints, storing overlayed drawings

in "layers," and starting a new sheet by
erasing the screen. Press-on or rubber-
stamped figures are implemented by graph-
ical sub-pictures. Some other CAD sys-
tems simulate not only paper, but the
object being designed as well. There are
numerous systems for design of electrical
circuits that simulate the operation of
the circuit. The KINSYN system developed
at MIT allows a user to describe a



mechanical linkage which he can then .
operate, observing its motion on a dyn
display.

The essentially parallel nature of human
* visual perception can be used to advantage
in the presentation of parallel processes.
| Through the many degrees of freedom offered
by the computer medium, independent unili-
verses can be simulated. The worlds
created in this manner need not obey the
familiar couplings of space and time, but
can behave in arbitrary manners, with
arbitrary concepts of causality, and
hence the liberality. Through graphics,
a user can examine several of these worlds
simultaneously, determining their inter-
relationships. The comparison may be
between a plan and a section of an archi-
tectural design, or might be of a chemical
reaction viewed from two different frames
of reference. The analogies formed as a
result of this operation are contended
to be an essential aspect of innovation.
(See subsection 1.4.9, Series Not
Sequence.)

The liberality afforded by the computer
graphics will have profound implications
for our concepts of art and literature.
Unlike much of contemporary technology,
which provides pale imitations of pre-
viously existing media, the computer makes
possible a whole new range of expression
and communication. Rather than just
reading a book, it will be possible to
return to the period about which it was
written, or to hold a conversation with
the author.
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1422 Transparency of the Interface A

4
As stated in the previous subsection, the .h;
computer is capable of creating arbitrary j:f
universes or worlds of action and execu- W
tion. To render such a world useful, the |
interface given the user must be suffi- :”{
ciently unobtrusive to allow him to u%ﬂd
think and act in terms of that world.

The experience should be one of talking

through a computer. Individual actions

lose their intrinsic value and are thought

of only in terms of their effect, in much ",.
the same way as a person becomes uncon-
scious of phonemes when speaking.

There are many factors that determine the
transparency of a given interface. The
user must be able to infer an association
between cause and effect and internalize
that inference to the extent that it
becomes unconscious. This process is
easier if the two are in harmony. For
tasks that involve spatial relationships,
this requirement indicates a graphical
means of input and output. Tasks invol-
ving time similarly require dynamic dis-
plays. Imagine driving a car with two
buttons labeled Turn Left and Turn Right.
Even worse, imagine having to type those
same words at a keyboard.

A given choice of interface may not be
correct for all people. While human
beings are very adaptable, and good
systems design often takes advantage of
this adaptability, different levels of
detail may be required for different

people performing the same task. Returning
to the automobile example for a moment,
there are two common control systems.

The automatic transmission was invented

to provide simple, two-pedal control over
the speed of the vehicle, providing a
reasonably transparent interface that has
become the choice of the majority of
Americans. Many people, however, find

that the automatic transmission does not
provide enough subtle control, and are
willing to internalize the somewhat more
complicated structure of the "standard"
transmission. The choice has implications
for both user satisfaction and economy.




Although the standard is theoret}cally
capable of smaller fuel consumption, an
unskilled driver may burn more fuel with
an improperly operated standard trans-=
mission than with an automatic.

In graphics systems, there are, of course,
many factors that would bring benefits to
all users, such as improvement of the
resolution and viewing comfort of computer
displays. Although the goal of a trans-
parent interface is furthered by removing
or rendering unobtrusive any constraint
irrelevant to the dialogue in progress,
care must be exercised that the user is
not offered an unduly restricted set of
possibilities. This will require a
knowledge of the set of possible needs

in a graphical conversation and an under-
standing of how the choice of techniques
affects those needs.




McCarthy, John, et al., "LISP
1.5 programmers manual", Cam-
bridge, Mass.: MIT Press,
(1962)

Goldberg, Adele and Alan Kay
(eds.), "SMALLTALK-72 instruc-
tion manual"”, Xerox PARC, March,
(1976)

Smith, pavig C., "PYGMALION: a

| Creative Programming environ-

§ ent", stanford Computer Science
P Dept., ARPA order no. 2494

Ladw3 Transparency of the Medium

The last subsection described how the
man-machine interface may be made trans-
parent by rendering it unobtrusive. De-
tails not relevant to the task at hand
are handled automatically. This sub-
section uses the term "transparency" in
a slightly different way, to describe an
approach to the medium by which the medium
can be so well understood that it can be
used without requiring a great deal of

new knowledge to be introduced whenever

a new facet of it is explored. This can ¥
be best achieved if the same techniques ‘
for interacting with the medium are also

used to describe it. eIl

A major problem in the design of good
user interfaces has involved the necessity
to trade off simplicity and power. A
simple-to-use system often cannot perform
many of the tasks performed by a complex
system. There is widespread agreement
that the set of available functions must
be consistent and predictable. The best
approach to this problem has been to
choose the basic concepts carefully so
that a large body of knowledge can be
remembered in the form of a simple set

of axioms.

One way in which this can be done in a
computer system is by eliminating unneces-
sary distinctions, one of the more trouble-
some being the distinction between programs
and data. This allows the new user to
apply information acquired on the manipu-
lation of one to the manipulation of the
other. This elimination of an arbitrary
boundary has been used successfully in

such systems as LISP, SMALLTALK, and

TECO.

The introduction of graphics, with its
attendant capacity to represent processes,
offers a natural means of understanding
and.manipulating elements within the
medlum and the medium itself. One attempt
at.thls was the SMALLTALK-based PYGMALION,
which equated the manipulation of objects

on the screen with the editing of a
program.




By making the medium self-describing, its

full power can be accessed by means of a
number of simple concepts and the kind
of transparency described in the last
subsection. For example, if turnlng'the
steering wheel right turns the car right
then turning it further should make‘the
car turn more to the right. In this

case of transparency the structure is
unnoticed not because it is hidden but
because it is so obvious.

Bennett, John L., "The user ip-
terface in interactive systems
in"Annual Review of Informati

Science and Technology", Car

Cuadra (ed.), Washington, D.C.
American Society for Informatis
Science, 7, (1972), pp. 159-1

Treu, Siegfried, "A framework

characteristics applicable to

graphical user-computer interac-
tion", ACM/SIGGRAPH Workshop o
User-Oriented Design of Inter-
active Graphics Systems, Pitts
burg, Pa., Oct. (1976)

B e T .

R SRR

.
| -



r 3{
oy
atj,
arl,
D.¢,
matiBerlyne, D.E., "Conflict, arous-
9-pal, and curiosity", New York:
McGraw Hill, (1960)
ork
to
ten
op @
ter
itte

Drever, James, "Dictionary of
psychology”, London: Penguin
Books, (1962)

l.454 Encouragement to Interact

"Space War" exemplifies the engaging
quality of computer graphics. The

player has a sense of delight and satis-
faction, some aspects of which previously
were available only through more destruc-
tive or dangerous means such as automobile
racing, gun shooting, or smashing glass.

D. E. Berlyne coined the term "ludic
behavior" from the Latin "ludere," to
play. We wish to recognize two distinct
views of the role of ludic behavior in
the role of encouragement, though we side
with the first. Berlyne writes,

.. .in human beings, ludic behavior
includes everything that is classified
as recreation, entertaimment, or "idle
curiosity,"” as well as art, philosophy,
and pure (as distinguished from applied)
science.

In contrast, in Drever's Dictionary of
Psychology we find:

. . activity, which may be physical
or mental, existing apparently for its own
sake, or having for the individual as its
main aim the pleasure which the activity
itself yields; usually involving also a
detachment from serious aims and ends.

We hold that the "technology of fun" is
not merely a recreational diversion but
is a tool for problem-solving activities
that should not be overlooked.

The other, more "respectable" encourage-
ment to interact with a computer is that
the machine provides a tool or facility
for doing something not otherwise done

as easily. Often this may imply providing
means of exteriorizing a process not done
well in one's head, such as arithmetic,
storage and manipulation of large quanti-
ties of information, or visualization of
three-dimensional forms. The benefit of
such exteriorization accrues not only to
the user of the system but to the experi-
mentalist, who can make use of the in-
formation thus exposed to study the

.




intrapersonal conversation that.take§
Place. This technique is ex9101ted in
Chapter 6.0, Hypothesis Testing.

Given the dual motivations of fun and :
facility, what factors affect a person's
willingness to interact with the machlne?
Ease and comfort of use are certainly
important issues, especially for the new
or computer-naive user. Transparency of
the interface and transparency of the
medium are crucial factors in making the
power of the machine available for inter-
action. Finally, it is important that
the user not face discouragement as he
goes about his interaction with the
machine.

The four factors of ease, comfort, trans-
parency, and lack of discouragement have
received much attention in the scientific
community but are only beginning to assume
an important role in the market place.

To date, most computer applications have
been in business and engineering, where
the cost-saving of automation has been
the determining factor. Many computer-
aided design systems have poor human
interfaces but find widespread use.
Engineers will readily adapt to night-
shift usage of an uncomfortable machine
rather than labor over a design problem
with pencil and paper. As hardware costs
drop, the computer will no longer be a
luxury and the above factors will assume
increasing importance. In our case

they are crucial, for we wish not only

to bring the user to the machine, but

to draw him out as much as possible.

In the process of a particular sessjon
with the machine, there are techniques
that can be employed to eéncourage the user
to interact. He may be provoked into
taking action by an unsolicited message
This may be some completely meaninglesS.
act such as ringing a bell, or it ecan be
something more relevant. Pask has imple-
mented a feature for his computer-aided
instruction system whereby a subject
matter expert entering information into
the system would be offered an overgen-
eralization or extrapolation of things
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prompting him into clarifying a point.
Negroponte's URBANS5 system offered the
user suggestions when it sensed that

he was stymied.




1.4.5

Exteriorization

Facilities for description and modeling
influence the way a user thinks about a
problem, and can have a profound influence
on the outcome of the design process. The
noted architect Charles Moore describes
this effect in architecture and urban
design:

Our techniques limit what we do, in
the same way that any language limits what
we think about. Our techniques also
describe, by default, our goals. The
standard instance, I guess, i8 zoning,
which we must suppose was invented by
eity planners as a result of their use
of Zip-a-tone, which is hard to cut un-
less your knife is sharp.

Therefore, if you are describing
urban land uses by applying colored Zip-
a-tone, you are likely to assign greater
virtue to large areas which do not need
cutting than to nuisance-filled areas
where a variety of contiguous uses would
wear out the knife blade and the fingertip.
You are likely to suppose, too, that
streets, if they do not receive Zip-a-tone,
form a logical dividing line between ome
use and another, though you will notice, if
you look at any actual street, that they
homogenize rather than divide. Thus
goals otherwise untenable are created or
at least arrived at as a result of the
techniques we use.

Newell and Simon demonstrate that drawings,
models, and other physical representations
are a powerful (and perhaps necessary)
adjunct to most problem-solving tasks.

The part of the mind that deals actively
with problems has, according to these
theorists, a limited capacity in terms of
the number of symbols or "chunks" of in-
formation that can be handled at one time.
For larger quantities of information,
people employ abstractions,symbols,learned
body movement, or external memory devices
such as paper.

External representations not only allow
the manipulation of large quantities of
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Milne, Murray (ed.), "Computer data, but they permit the mind to draw
aphlcs in architecture and associations in a powerful if unpredictable

REEEEEVEL Conn. 3 Yale manner. Through associations made while
| of Art and Architecture, viewing a drawing or model, a designer may
p. 97 be able to reorient his perception of a
problem, generating entirely new approaches
A. and H. Simon, "Human to its solution -- the "A-ha!" syndrome.
solving", Englewood
N.J.: Prentice-Hall, In solving a design problem, representa-

tions are chosen for their ability to

! model some useful aspect of the physica}
oy reality of the problem. They may simplify
the problem, render it more accessible, or
merely be less expensive or dangerous than
reality itself. These transformations
must relate the representation to reality
in a useful way. In architecture, this
may imply that the difficulty of ex-
pressing something in a model should be
proportional to the difficulty of fabri-
cating it in the proposed construction
method. When such a close correspondence
is achieved, the model can be a useful
tool for exploring design alternatives as
well as just a scratch pad to extend the
designer's short-term memory.

Although graphics naturally lends itself
to externalization of spatial information,
as in architecture and mechanical design,
it also can find more general application.

The PLATO system offers a medium for ex-
ternallzlng the learning process. As
today's most facile embodiment of computer-
aided instruction, it provides an extremely
versatile terminal with plasma paneil,
microfiche, and touch input. In this en-
vironment the writing of an interactive
graphics program to model a concept is a
means of externalizing that concept. Even
though the designers of PLATO intended the
modeling process to be a tool for the use
of the instructor, it has proved to be

one of the more popular facilities with
students.

The use of programming as a modellng tech-
nlque is central to Seymour Papert's work
in "teaching children thinking." The LOGO
language is offered to the student as a
means of exteriorizing concepts. The
student regards the program as a model,




watching it work, correcting it, and using
it to provide explanations of cause and
effect. The use of interactive graphics
and input/output devices like the button
box (where buttons can be pressed apd
light up instead of typing and reading
sSymbolic names) provide a transparent in-
terface to the model, such that the student
can use his program as a descriptive tool.

The concept of simulation as a teaching
tool is also found in Alan Kay's work with
the SMALLTALK language. In this case, the
language is explicitly designed for the
description of arbitrary worlds. A cen-
tral feature of the language is its capa-
bility for specifying the action of enti-
ties in the system.
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486 Interpretability

The exteriorization of cognitive processes
that takes place when a person communicates

through a computer makes those processes
open to interpretation. The use of sugh
interpretations to aid in problem so}v1ng
is discussed in the next two subsections
on transformations. In this section, we
discuss interpretations done for the bene-
fit of the machine or for the experimen-
talist who builds the machine.

Such interpretations can be used to dis-
cern what the user is trying to do and
how successful he is at doing it. The
heuristic tests of section 1.2, Conver-
sation Theory, can be applied to verify
that a series of understandings is indeed
being achieved, that is, a conversation
is taking place.

In a computer-aided instruction system
this technique may be used to detect if
the student is learning and to guide him
to useful pieces of information. In the
context of computer-aided design, the
machine may need to make interpretations
of user intent as a means of rendering
the interface transparent (see section
3.3, Inference Making).

Marcell Marceau, the world-famous mime,
speaks of different kinds of silences of
his audience: approval silence, disdain
silence, or boredom, all of which he can
interpret without seeing them. This is
an example of subtle interpretability,

to be distinguished from current computer
technologies, which struggle with the
interpretation of the written word. This
section alludes to a framework of inter-
pretation that is easier for the machine,
namely the drawing or the picture.

'.'A
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Tautological Transformations

S

In his book Cybernctics of Cybernetics, Heinz
von Foerster states that computers execute
logical tautologies. These are transfor-
mations that result in no change of infor-
mation content. Although such operations
on English sentences usually produce boring
results, tautological transformations of
symbolic or graphical representations can
be extremely useful. Such operations are
difficult for humans to perform, while
algorithms for doing them mechanically

are well known.

Tautological transformations are the meat
of many interactive computer systems.
Examples can be found in different fields.
The MACSYMA system for solving mathematical
problems derives its strength from the
transformations it can apply to symbolic
expressions. It allows the user to select
the form he wishes to work with, even if
the machine uses another form internally.
The authors of that system found that the
display format as well as the mathematical
form of the expression was an extremely
important factor in making the system
useful to mathematicians.

In decision support systems it has been
found that flexibility of display formats
is an important property, especially when
the decision-making process is not known
in advance. The user may be offered a
choice of tables, graphs, and charts,
which he can choose from according to his
specific needs at the time.

Computer-aided design systems have long
exploited a range of tautological graph-
ical transformations such as scaling,
rotation, and perspective. The user of
such a system can create a model in one
view and then view the effect of his ac-
tions from another one.

The class of transformations discusseq in
this section are an essential aspect of any
system for mediation of graphical communi-
cation. They are necessary to provide

transparent access to information ang they
are central to many of the filtering ang

Von Foerster, H., "Cybernetics
of cybernetics", Bio-Computing
Laboratory, Univ. of Illinois
at Urbana, (1974)

Bogen, R., et al., "MACSYMA ref-
erence manual", Laboratory for
Computer Science, MIT, (1975)
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1.4%8 Non-Tautological Transformations

Non-tautological transformations are those
that do result in a change of ipformatlon
content, typically by the addition of new
information. These form a very powerful
class of operations; they enable the dis-
covery of analogies between different
points of view, an important aspect of
Creativity and innovation.

Non-tautological transformations fgll in-
to at least three categories, all impor-
tant to graphical conversations:

1. Changing specificity through
new input.

2. Changing information availability
by changing the medium of repre-
sentation.

3. Changing information through
associations and refutations.

1. Specifity through input. Many topics
are like the tip of an iceberg. They
represent entire domains of knowledge at
a different level in a hierarchy of in-
formation. Transformations which change
the viewer's level in that hierarchy
necessarily cause an expansion of topics
into descriptions.

An example of this class of transformation
is found in the process of moving from
diagram to scaled layout (be it for a
house plan or printed circuit board).

1 There are two functions in this form of i

: transformation. One points to the types

of categories of information to be added. %

The other adds specific values to those

categories. For example, in moving to

a layout, categories of new information 5
w are pointed to: doors, wall thicknesses
ik b window sizes and locations, etc. The d
’4”; values for these categories than are
il developed or derived. The power of graph-
[ ical communication can be seen in the
{h layout example, wherg the given diagram
;{ is displayed in proximity with a typical
i layout. Here the layout "points" to the

Y
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items required for increased specificity.
Going further, our work in graphical in-
put techniques points to potentials for
the machine completing the laycut, perhaps
by showing a range of possible dimensioned
alternatives.

2. Changing the medium. A concept ig
transformed non-tautologically as it is

presented in different media: styrofoam,
cardboard, color raster scan, vector
graphics. This phenomenon accounts for

the impact of the use of Zip-a-tone dis-
cussed in subsection 1.4.5. Since it is
possible to model these media in a machine
so as to perform these kinds of transfor-
mations (either on the basis of personal
preference or on the basis of seeking
clearer communication with others or with
one's self). When dealing with graphical
representations it is even possible to
imbed the characteristics of style and
use these to transform objects into the
ultimate of media -- another person's
hand.

3. Associations and refutations. Numer-
ous authors have explored the power of
associations. Their studies identify
associations as the intersection of two
previously unrelated concepts (a partial
definition of conversation). And Koestler,
especially, speaks of "bisociations" (his
term) as the catalyst of innovation -- the
joining of two unrelated notions to form

a third, new, perception. Graphics are

an especially powerful medium with which
to convey or to spark associations, as
witnessed in the impossible figures of
Escher and others.

The liberal nature of the computer enables
it to model and graphically represent a
diverse range of concepts and worlds (not
all of which need be drawn from reality

as we know it). Further, given rules for
their combination the machine can perform
intersections for worlds. For example,

our work in Architecture by Yourself (Ap-
pendix X) has produced a means of modeling
bubble-like forms. This model is presently
used for indicating room

ting a shape bias. It is possible, however,

areas without impar-




ion with the

to use this model in conjunct MCL
uce specific

concepts of airframes to prod .
suggestions for derigibles. Thus, given
a range of concepts which are especially
well expressed in graphical modes, there
is enormous potential for generating and
conveying associations.

In summary, the non-tautological Frgns-
formation is the essence of creativity.
It is driven by the combined forces of
serendipity and timeliness. The assump-
tion that we can control creativity 1in
graphical conversation would be laughable.
We submit only that we recognize it and
propose not to preclude it.

Newell, Allan and Herbert Simo"
"Human problem solving", Eng:
wood Cliffs, N.J.: Prentice”
Hall, (1972)

Gregory, R.L., "Eye and braift
the psychology of seeing": Nes
York: McGraw-Hill, (1966)
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1:4+9 Series Not Sequence

We have argued that the power of a graph-
ical conversation theory depends upon the
processor residing at the man-machine in-
terface. 1In particular, this processor
must be so designed that it can be simul-
taneously inhabited by several programs
(or "classes of programs," called "pro-
cedures") that operate independently of
each other unless a coupling of some type
is externally specified. Moreover, if
such a coupling or association is speci-
fied and if it is orderly enough to pro-
mote coherent action, then the coupling
itself is embodied in a separate element
or partition of the processor as a pro-
cedure that sustains the coherency.

These facilities would be of only periph-
eral interest except to pure theorists in
computer science if it were not possible
to exhibit the activity of the several
processors (or distinct parts of one
processor) in an intelligible and manip-
ulable manner; in the present state of
the art we can only imagine the visual
sense modality being used expeditiously
for this purpose. But we can see and
realize dynamic graphic facilities that
do exactly what is required.

To the user, the proposed system thus
resembles a multifacted visual display
and control interface; from it, he may
call for as many a priori independent
computing machines as he requires to do
the job. Moreover, he can look at, ob-
serve, program and give input data or
instructions to any or all of these in-
dependent machines. When an association
is ordained, a further machine ("active
universe" might be the phrase preferred
by a logician) is provided along with its
own reserved display and control inter-
face. This machine embodies the coupling
or association between the operations
already in progress and those juxtaposed.
This similarity inheres in any analogical
relation since an analogy comprises both
a similarity and a difference or distinc-
tion.




Logically and computationally the cruc1§1
points are (1) that similarities may exist
with equal rectitude and utility beEween
means and between ends (or between meth-"
ods/procedures" and "descriptions/results
of executing procedures, and (2) that
similarities and differences are generally
determined by processes (rather than sim-
ple predicates or adjectives), so that,

in the combination of similarity and dif-
ference, it is possible to specify aqalo—
gies, and so on, without any but arbitrary

limitation.

By these techniques (mustering processors
or distinct and independent parts of one
processor), participants, acting as users
of the system, can express analogies;
either those that they suggest of their
own volition or those that are suggested
by routines preexisting in the computer
system (for example, the analogy inherent
in a transformation between bubble-images
on the dual of an incidence-graph and
spaces on a floor plan). If the users
converse with each other through the sys-
tem, and it is the gist of our proposal
that they do so, then such analogies
appear to the users as the simultaneous
presentation of disparate visual images
(each connected to a reserved processor)
and their subsequent association, coupling,
or ordination of dependency, is realized
in the displayed image of a further
reserved processor.

It follows that such a conversation is

no longer strict and linearly sequenced.
Understandings occur in series but not in
sequence. There is no necessary order

e —— .

determined between the topics related by
a putative analogy before this analogy

is known to be valid.

We submit that this is certainly one way
in which to exteriorize the process of
innovation/creativity/invention and con-
jecture that it is the only way in which
to do so (notice that analogical reasoning
as used in this context, adumbrates types !
of reasoning that are often classed as
inductive or even insightful).
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1.4.10 Analogy as Ossified Agreement

An interface should be designed to en-
courage the participants in a conversation
to exteriorize their cognitive and cona-
tive processes as a stretch of symbolic,
but usually nonverbal behavior. Thus the
previous subsection specifies the inter-
face conditions that are a prerequisite
for achieving a general conversation
(section 1.3, in contrast to a strict and
serial conversation between participants
as noted in section 1.2). As noted in
section 1.3, more than one participant

may act independently, becoming dependent
only if the conversation reaches partial
(or complete) agreement. This possibility
was previously set in the context of in-
trapersonal conversation, though it is
equally relevant to interpersonal conver-
sation.

With this comment in mind, consider the
peculiarity of topics in the conversa-
tional domain (representations of know-
ledge) that are analogical relations be-
tween topics. Formally, the relation of
analogy has a systemic similarity, depic-
ted as a morphism, which in the strongest
but least usual case, is an isomorphism.
The similarity relates several other
topics (call them X and Y) that are said
to be analogous. Over and above this
similarity, the analogy necessarily em-
bodies a semantic difference, which is
expressed by means of one or more predi-
cates having values that distinguish
universes (call them U and V) that are
characteristic of the analogous topics

X and Y. For example, X and Y may be a
linear electrical oscillator and a linear
mechanical oscillator; if so, the simil-
arity is an isomorphism and the semantic
distinction of the analogy consists of
any set of predicates with values that
distinguish between electricity and
mechanics. Notice, however, that the
morphism (similarity component) would not
be an isomorphism for other than linear
oscillators; nor would it usually be an
isomorphism for analogues that exist
between cities and urban plans.




and B un-

To say that the participants A -
. E g n that 1s

derstand an analogical relation t
pointed out to them implies nothing that
has not been previously introduced. On
the other hand, to say that the partici-=
pants A and B construct or invent or
create an analogy (acting as theorists,
designers, or subject matter experts
building up a conversational domain)
does imply that A and B regard the uni-=
verses U and V of X and Y as a priori
independent modeling facilities in which
they may construct and reach agreement
about working models able to simulate X
and Y. This measure of agreement is re-
flected in the similarity said to hold
between X and Y (the analogy in questions).
Further, A and B are in a position to
inscribe the fact of their agreement (in
itself a dynamic process) as a static
inscription, an ossified or fossilized
remnant of the agreement they have
reached. In this sense, all analogy re-
lations arise from ossified, petrified,
or fossilized agreements between parti-
cipants.

Taking a more fundamental point of view,
all analogies are ossified or petrified
agreement left over as the dregs of a
conversation which has taken place. To
see this, notice that the most basic
kind of independence between universes
U and V (of X and Y) that might be con-
ceived is no more nor less than the in-
dependence between brains, or parts of
one brain in which A and B may coexist
as independent participants. In other
words, the underlying modeling facilities,
U and V, are identified with these dis-
tinct brains or distinct parts of one
brain. If so, analogies, on a par with
X and Y, represent (in this curiously
though conveniently static form) all
possible agreements that may exist be-
tween A and B, and these agreements seem
to lie at the root of any kind of inno-
vation.
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l.4.11 Concurrency in the Computing
Process

Having made provison to accomodate the
coupled execution of dynamic models,
expressing an agreement between a priori
independent participants, the same arrange-
ments can be used to accomodate the coupled
execution of any kind of concurrent com-
putation, either in brains or in computers
and other processors. In this connection,
concurrency designates a simultaneous
computation in which a conflict is resolved
as part of the execution process (in con-
trast to parallel computation in which

the absence of possible conflict is pre-
determined) .

The provision is not trivial. In section
1.2 we sedulously avoided mention of
conversation with rather than conversa-
tion through a computing machine at the
interface. At this point, it is possible
to relax the caveat, though not as yet

to realize the consequences of that lib-
erality. As a result, it is possible to
contemplate (though again, not to realize)
one route toward a genuine, rather than
simulated and grossly mimicked, variety
of artificial intelligence.




1.5 Intelligent Systems

tion to appear
Marvin Minsky

In a study still in prepara
in 1977 (see Appendix XI),
likens the manipulation of ideas to the
manipulation of things, a concept that he
calls a machine intelligence paradigm.

Similarly, in this section, we liken the
representation of ideas to the represen=
tation of things; any idea exterlorlzgd
either for private or public consumption,
imbibes the Gestalt of the mode and medium
through which it is externalized. 1In
short, the representation and the presen-
tation are isomorphic. We argue that no
concept is arepresentational inasmuch as
it might be disjoint from the modes and
media of representation. Much research

on intelligent systems disregards or dis-
agrees with this dependence and artificial
intelligence techniques have suffered from
a parsimony of dimensions of exterioriza-
tion and interaction.

"Intelligent systems" are the glue of
this proposal. The eleven characteriza-
tions of graphical conversation in the
previous subsections and the collection
of tasks in chapter 5.0 are held together
with structures that are in no sense sim-
ple, that are networks of procedure and
relationships that live in what we are

calling a "mesh."

We see our contribution to artificial
intelligence as being the inferential
methods that turn these methods into
personal information spaces and that,
consequently, allow a machine to act on
the behalf of a user as his agent. This
is not a scheme for representing know-
ledge, but a means of sharing that repre-
sentation through graphical representa-
tions. Although seemingly recursive ang
tongue twisting, this is more than just
one step back, because the shared graph-
ical representation is between a machine
and a person. In half seriousness we
can postulate a graphical Turing test

on something like Scribblephone (subsec-
tion 5.4.1), namely, when an individual
calls another individual and they have a

R AR EIRRTER S e o
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convincing graphical conversation, but
one is not at the other end, his machine
is. Such is implied on the cover of this
proposal.

The extravagance of this example is impor-
tant to introduce the next three subsec-
tions. 1In the first we shelve the notion
of talking with a machine as a conscious
and purposeful mechanism. We distinguish
"through" from "with," arguing that
"though" is both feasible and does not
preclude "with." A 1982 follow-up
proposal to this work may well be less
modest about the "with" issue.

The second subsection explains our approach
to structuring knowledge with reference

to the literature, using "entailment
meshes" as our in-house title for subject
representation.

The last subsection in this introductory
chapter remarks briefly on "recognition."
"Recognition”" plays two roles: (1) that
of compressing incoming signals, like the
multitude of data tablet samples into

a wire-frame 3-D intention, and (2) that
of expanding signals, like a single ges-
ture, into turn the page and delete all occur-
ences of "string" to "strung" when it follows a
proper noun that is not the name of a country
with political affiliation with any oil-producing
nation of the Western Hemisphere.

—




1.5.1 Through Versus With

The distinction between interpersonal an
intrapersonal conversations (section 1.3)
raises a specific issue: In what circum-
stances is the computer a link in the
chain of communication and when is tbe
machine itself an equal participant 1in
the conversation? What is the dist}nctlon
between conversation through a machine and
conversation with a machine?

These issues must be addressed within not
only the scope of this proposal but also
in the wider context of ten and twenty
years hence. These distinctions will
become crucial when machine-based cogni-
tion becomes feasible. Careful applica-
tion of the terms will preserve the impact
of conversations with a computer for a
later time.

With the system proposed in section 1.4,
Characteristics of a Graphical Conversa-
tion, we have the capability of initiating
a highly formal and specified "conversa-
tion" as formally and specifically defined
in section 1.2. Consider the paradigm of
two independent systems engaging in these
activities: One way in which A and B
might interact is through the mediation
of a machine (the term "through" is
clearly appropriate in this case).

Now consider the probable situation in
which A and B are part of the same brain,
i.e., are in the mind of one individual.
Without some encouragement to interact
(subsection 1.4.4), the figure is a model
of an individual sitting and thinking.
Once coaxed, the threads of cognition
drawn out of the individual and into the
machine can be studied and understood
(subsection 1.4.5, Exteriorization).

In each of these cases, the loci of con-
trol, A and B, are part of the indivig-
ual(s) who interacts and converses. The
reference to conversation with a machine
must be reserved for the instance in
which the locus of control is embodied
in the machine.
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This proposal clarifies and quantifies
conversations through computers, which
act as mediators between individuals
(interpersonal) and within individuals
(intrapersonal).
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1.5.2 Entailment Meshes

Gagne was the first modern psychologlst
to propose an explicit structure of
knowledge. True, the idea that knowledge
has a structure had been pandied about
since the Middle Ages and actualized by
artifacts such as "memory theaters" oY
the Lullian "ladders of Heaven." Never=
theless, these ingenious contrivances
were of primary value to orators, mer=
chants, and the casual audience of rhet-
oric schools. Gagne surely clothed the
notion of structure in up-to-date costume;
this was a significant innovation insofar
as it allowed him to examine problem
solving (notably, number series comple-
tion). But the garments he selected for
this purpose, though tailored to provide
orderly data, were rather too restrictive
to accommodate all the types of cognition
and learning manifest in everyday, as well
as creative, affairs. The constraint
(though surely not the defect) of this
scheme is its restriction to a hierarch-
ical organization. Hierarchies are also
obtrusive in the directly axiomatic rep-
resentations of knowledge proposed by
Kingsley and Steltzer. Recent work by
Steltzer rescinds the hierarchical con-
straint and admits analogy relations that
are, as a matter of form, essentially
cyclic. However, the bias toward hier-
archies persists in educational science
and psychology. It is expressed by pos-
tulates like course "prerequisites" or
"hehavioral objectives" to be achieved
in stepwise progression.

Hierarchical limitations are present in
the earlier essays of artifical intelli-
gence and educational psychology (often
homogenized as "cognitive science").
Hierarchies do not lack merit and are in
fact useful for specific, local purposes.
However, as later investigations have
shown, they are not indispensable; our
argument relies heavily on this fact,
which is clearly demonstrated by much
recent work.

Knowables (loosely "knowledge"), as seen
by these authors, are represented
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procedurally; that is, in terms of com-
puting processes. The same theme permeates
the thinking of Von Foerster and others
concerned with memory as a kind of recom-
putation, or reconstruction, or reprqduc-
tion of concepts (a recurring idiom in
this proposal). Our initial disposition
in this matter is to accept the scheme

of knowledge representation of Pask,
Kallikourdis, and Scott. This scheme

is compatible with the other schemes cited
and also with the work of Varella, Mattur-
ana, and Klir, but it is more readily
implemented since computer-programmed
realizations are immediately available.
Such representations of knowables are
immediately available. Such representa-
tions of knowables are termed "entailment
meshes" and consist of a directed graph
with nodes that stand for topics and arcs
that specify the relations among topics.
The entire "entailment mesh" is cyclic
(reentrant or recomputable without loss

of specificity) except for primitive
predicates forming the distinctions that
underlie analogies (subsection 1.4.9) and
primitive functions that are the transla-
tions of instructions accepted either by

a particular machine or an individual

mind (the idea that different individual
minds may accept quite different instruc-
tions, primitive functions, and already
understood concepts is understood) .

Although an entailment mesh is cyclic,

it is possible to distinguish conjunctive
(T is entailed by P and Q), disjunctive

(T is entailed by P and Q or R and S),

and analogical relations among topics
represented by its nodes. Moreover, some
analogies are one-to-one isomorphisms.
Choosing a topic that is a simple or an
isomorphic analogy, the mesh may be pruned
under this topic in order to delineate

a particular perspective about the subject
matter. Thr pruning operation yields a
guasi-ordered "entailment structure"
(described in subsection 1.4.11 as a

union of trees). Thus, entailment struc-

tures are specified for and on behalf of
the participants in a conversation; they
are,

in this sense, personalized.




Within the field of entailment structures
(rather than entailment meshes) we distin-
guish several main varieties of analogy-
The principal categories (other depend
upon the strength of similarity and the
predicates distinguishing semanticC dif-
ferences) are (1) analogies due to a
similarity of ends, results, Or descrip-
tions of topics and (2) analogies due to
similarities of method, means of attaining
the stipulated end, or program structure
under the given perspective. Both kinds
of analogy are mechanically derivable and
can be usefully implemented by existing
computer programs.

This philosophy underlying this type of
knowledge representation is that knowledge
does not exist in a vacuum. It is engen-
dered or produced by a conversation parti-
cipant acting in the role of an expert who
expounds a thesis, namely, the content of
what he believes to be knowable or what

he conceives as an innovation (invention,
creation, design, etc.). There are no
knowables without the minds to know them
and there is no depersonalized knowledge.
Machines may be programmed to operate

upon knowables and are often used, for
example, to render overgeneralizations

for the purpose of provoking experts into
further activity in which the experts
refind a description by providing quali-
fying information. Machines may even do
more than that (as tentatively posited

in subsection 1.4.11), but this remains

an open question.

Two issues are outstanding: How does
someone access the topics in an entail-
ment mesh? And what is the nature of a
topic?

The first issue is resolved by recourse
+o a description scheme that may either
be based upon the "semantic differential"
paradigm (subsection 2.1.1) or the "rep-
ertory grid" (subsection 2.1.2) where
"topics" are used in place of "objects"
and are presented in systematic order.
The latter expedient is preferred, since
it individually indentifies those predi-
cates that are regarded as primitive by
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a participant and those functions or in-
structions that are unto themselves
primitive concepts.

The problem of defining the nature of a
topic can be tackled in several ways.
For example, an entailment mesh repre-=
sents derivations (section 1.2) among
topics that are proper to a thesis. How=
ever, each topic is associated with a
certain class of explanation (section
1.2) that may be depicted as a class of
programs which implement a description
scheme. The mesh is defined as cyclic
and consequently reconstructible or
reproducible without loss of specificity.
The condition that the mesh is cyclic is
demanded of all local or immediate deri-
vations. T is derive from/entailed by

P and Q or T is derived from/entailed by
R and S, for example, imply that given P
and T, Q is derivable, given Q and T;i P
is derivable, given T and S, R is deriv-
able, and given T and R, S is derivable.
However, "other-than-local" cyclicity is
both possible and common in practice.
When it exists, the cyclic structure may
be simplified and designated by one node
in a distinct (condensed) entailment
mesh, the nodes of which represent con-
densations of a submesh of the original
mesh.

The simplifying operation of condensation
can be repeated without limit. Moreover,
its definition is recursive. As one con-
sequence, the original mesh (which exists
at an arbitrary grain or value along a
dimension of molar-molecular or micro-
micro specificity) has nodes that desig-
nate topics that are condensations of the
class of explanations attached to each
node. These "original" topics must be
given a semantic interpretation in uni-
verses proper to whatever scheme of des-
cription can be applied if the mesh is
converted into an entailment structure.



1.5.3 Machine Recognition

Machine recognition is the structuring of
unstructured data, usually decreasing its
quantity while increasing its quality.
The input data may be data points from

a vidisector or drawing tablet or English
sentences typed at a terminal. The
result is some internal representation
that embodies useful information about
the object seen, drawn, or written about.

Recognition programs make extensive use
of rules that express the natural con-
straints of the system supplying the
input data. In natural-language input
this may be an augmented transition net-
work. In machine vision it may be a
description of legal configurations of
lines, vertices, and shadows. In sketch
recognition it may be a description of
valid geometries of floor-plan configur-
ations.

In the proposed research, machine recog-
nition is the process by which the graph-
ical actions (utterances) are matched to
the previous entailment mesh. It is this
matching that enables a user to revisit
topics and direct the conversation. The
correspondence also permits the mediation
of conversations as discussed in chapter
3. Finally, we submit that machine recog-
nition and inference making is a prereq-
uisite to the desired level of transpar-
ency of both the interface and the medium.

Machine recognition of graphical actions
differs from other recognition problems
in two very important ways, both of which
are the result of the user's involvement
in the process. The first difference is
that the recognition process is inter-
active. The user can receive immediate
feedback on the machine's interpretation
of his actions. The level of recognition
by the machine and the level of explicit-
ness of the user's actions can be closely
matched. This property connotes a smooth
progression as the capabilities of the
machine are expanded.

The second difference is that of informa-
tion availability. If a human observer
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is not present at the time a sketch is
made, he does not have access to such
variables as speed or even sequence.
Even if the observer is present, he
probably cannot determine pressure and
surely cannot record galvanic skin re-
sponse of the subject. Such information
is frequently that which is used by the
computer to disambiguate information.

Our work in sketching has included 3-D
mapping from a 2-D planar graph. This
is much easier than the general machine
vision problem for all of the above rea-
sons. Precisely: one has sequence of
strokes, which can resolve intended
continuations (as in the adjacent dia-
gram) .

In addition, we can benefit from the
idiosyncracies of the user, knowing

how, for example, he or she draws. Draw-
ing style is now set forth in this
section as evidence -- that is, a heuris-
tic of recognition --- rather than solely
as something to make the user's life more
comfortable. This is an important corol-
lary to previous sections. We contend
that many of our algorithms of cognition
will use information about the user to

do the recognition work.
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2.0 INTERACTION

Much of computer science continues to
view interaction simply as quick turn-
around -- being "on-line." We view
interaction, instead, as a window be-
tween simulataneous processes dealing
with a common topic, as the mutual
feedback that modifies processes in
progress. The distinction is critical.
This section underscores that distinction,
drawing upon insights gained during the
past six years of research in this area.
The following sections address specific
factors critical to the new work proposed.

Having no prejudice of context, the dic-
tionary defines interaction as "mutual
or reciprocal action or influence." The
symmetry of this definition tolerates
the views sketched above. Unfortunately,
"reciprocal action" and not "mutual in-
fluence" is the interpretation more com-
monly implemented. We say "unfortunately"”
because the "tit-for-tat" nature of such
systems is more disruptive than helpful
in settings where the user's objectives
or intentions are not well defined and
where the task is a search for agreement
and consistence in converstions. By
implicitly or explicitly forcing the
user to initiate a machine action, then
to wait for its completion, this form of
reciprocal interaction reduces the user's
role to that of manager and effectively
removes him from participation in the
process.

Simply being "on-line" is insufficient
for "mutual influence." To achieve that
level of interaction, several additional
conditions must be satisfied:

1. All parties must be able to work
on the same task simultaneously;

2. Each should be able to witness
the actions of the other actors;
and

3. Each should have the power to mod-
ify the state of the task -- to
change the direction of the con-
versation.




The product of these conditions is feed-
back of the most essential kind. Each
actor sees the consequences of his ac-
tions reflected back to him through the
actions of the other actors.

The following sections expand the concept
of interaction to include means for its
measurement, approaches to classify}ng
the subjects addressed, mutual cognlizance
between the parties involved, and their
physical relationship to the referents
and the power of the medium involved in
the diaglogue. It should be noted that
section 2.1, Measures, and section 2.2,
Referents, are two different perspectives
of the way in which people classify the
subject matter with which they deal.

Both of these views are necessary to
understanding. Both begin with an act

of "indication" leading to a "distinc-
tion." Section 2.1 moves from the

acts of indication and distinction to
objects and universes in the form of a
caluculus. Section 2.2 views these acts
as the events from which language arises.

Weinzapfel, Guy, "It might work
but will it help", Proceedings
of Design Activity Internationd
Conference, London, (1973)

Brown, G. Spencer, "The Laws of
form", International Journal ©
General Systems, 2, (1975)

Varela, Francisco, "A calculv
for self-reference", Internd-
tional Journal of General syss
tems, 2, (1975)
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271l Measures

The term "interactive" is a common one
in the literature of computer science,
especially in graphics. Since the first
interactive graphical system in 1963,
Sutherland's SKETCHPAD, the term has not
advanced in meaning. Recent uses fre-
quently mean less. We often hear the
term interactive applied to systems that
are clearly only "on-line" or which
trivially utilize light pens and menus
instead of typed command strings.

Our laboratory has come to expand the e/
term to include all aspects of the man- ;‘
machine interface: hardware, software, i
environment, and concept (Appendices '
III, IV, VI, and VIII). /Increasingly

we see that a unified approach to inter-

active systems is the only means to under-

stand and achieve guintesszntial relations

between man and machine.

Section 1.5.1 diagrams instances in which
there is interaction:

1. Between two persons, who use the
machine as an intermediary.

2. Between an individual and him-
self, relation through the
machine.

3. Between an individual and the
machine, defined as conversation
with a computer.

These three sets are different applications
of systems that we call interactive. This
section of the proposal is an exposition
of two means to clarify and define in a
formal way our meaning of the term "Inter-
active Systems." These models provide

a basis for unified understanding and

make possible the precise measurement of
the quality and gquantity of interaction

in any man-machine relationship. This
metric of the dynamics of an interactive
system supplies the necessary yardstick
with which to evaluate any implemented

or proposed system, from morse code and
Scribblephone to drawing with your eyes
and conversational graphical communication.




2%l Semantic Differential
One straightforward way of getting a sense
of the nature of any space is to assume a
set of orthogonal axes, and place objects
\ into that space. When measuring interac=
l tion, we consider representative systems
that have been constrgc-
ted, and that will be construct. P}ac1ng
them into the Euclidean space, at f1r§t
informally, serves to expand the meaning
of interactive systems. Later in this
subsection, a formal methodology for th1§
type of understanding, called the Semantic
Differential, is outlined.

that are in use,

A first set of axes are:

Senses matching
Media

Mutual feedback
Enhancement.
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tact and physical touch. Drawing on a
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easy to use. The more "natural" by

the criterion of "like the real world,"
the greater the interaction is possible.
Telephones, for example, are ergonomically
designed, but the need to hold them just
to be able to talk and listen is an incum-
brance. Using a touch-sensitive display
with just a finger is so much more natural
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Media: The input/output (information)
interfaces, whether objective (bandwidth
measures) or subjective (psychophysical
factors), are the active elements under
consideration on this axis. The bandwidth
limitations chosen for the telephone, for
example, are reasonable when considering
the frequency of speech; however, the
quality of the sound remains poor, and
limit the way the interaction "feels"
subjectively. Current implementations

of touch-sensitive displays lack the
resolution of tablet pens, and hence are
not as interactive when measured on the
axis of media.

MUTUAL
FEEDBACK
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Feedback can be defined

Mutual Feedback: AT .
as the rate of exchange of the initiative

in a dynamic interchange. Note, as shown
in the figure, that although the measure
of feedback in increasing orders of inter-
action begins with cycle times of the
communications link, context becomes 1n=
creasingly dominant in determining what

is "more" interactive. The implication

is that the axis itself is insufficient

to encompass the dynamic quality of
interactive systems. It is interesting

to note in the figure the position of
"on-line" and "time-sharing," particularly
since these two are frequently misunder-
stood as constituting interactive systems
in and of themselves.
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Enhancement: This is what a dynamic sys-
tem/medium offers to enhance interaction.
The addition of the powers of machines

to create conceptual worlds and complex
dynamic systems explodes the idea of
media. Before this addition to the space
of interaction, there could only be
communication channels, bandwidths of
electronics, audio versus video consider-
ations. This axis offers the capability
to expand interpersonal and intrapersonal
relations beyond current limits. The
figure offers a suggested placement of
past and future work. More precise
metrics of the space are needed, however,
to more clearly position the effect of
thesc enhancements on the interactive
space. This is the second instance where

the static Euclidean model is insufficient

to the understanding of interaction.

|




With this broadened view of the meaning
of interactive system, the priorities of
man-to-man and man-to-machine relations
can be assigned, for which a formal tech-
nique exists. Charles E. Osgood, in The

Measurement of Meaning describes the

process.
We degin by postulating a semantiq Osgood, Charles E., "The meas ;
space, a region of some unknown dimension- urement of meaning", Universjtoll
altiy, and Euclidean in character. Each of Illinois Press, (1957) f

semantic scale, defined to be a pair of.
polar (opposite-in-meaning) adjectives 8
assumed to represent a straight line func-
tion that passes through the origin of
this space, and a sample of such scales
then represents a multi-dimensional space.
The larger or more representative the sam-
ple the better defined is the space as

a whole.
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Each point in space has a direction from
the origin, which Osgood calls the quality,
and a distance, considered to be the
intensity. The entire schema is straight-
forward, and culminates in factor analysis
to simplify the set of axes involved.
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2.1.2 Repertory Grids

Limitations of the semantic differential
are the static, Euclidean nature of the
modeling and the a priori determination
of distinguishing features of the space.

George A. Kelly, in The Psychology of
Personal Constructs, developed a method
called repertory grids. This technique
contains in its methodology the action
of eliciting appropriate properties from
the persons themselves. If one agrees
that a person uses properties to distin-
guish objects from other objects, this
method provides a better model of per-
sonal constructs, and hence a better
measure of interpersonal or intrapersonal
interactive systems.

Briefly, the mechanics of the method zre:
present to an observer a given universe
of objects (in our application, all modes
and modalities of interaction) and ask
hat they be grouped and distinguished

in some way. After many different sub-
jects of the universe of objects are
submitted for evaluation, properties are
built up until no new types are elicited.
A grid is then constructed that consists
of value assignments for each property
(e.g., has, has not). Using techniques
such as factor analysis and correlation
on this grid yields an ordination set of
the data. A super-ordination is construc-
ted by asking why the constructs (prop-
erties) are different, and sub-ordination
is built from how they are different.

This complex net of relations serves as

a dynamic system. A change is made in

the grid construct; call this change an
implication. The change is rippled through
the entire mesh by iteration and reduc-
tion. If this process realizes a stable
situation in the construct, that is, if

it converges, then a valid measure of the
meaning in the system has been made.

Kelly related this technique to psychology

and clinicél models of personality. It

has also been successfully employed in

examining architect-client relationships h
and communications.




Not only can the grid no?ion.be
generalized to all conceptualizations,
but this mathematical notion can also be
generalized ... . This cybernetic model
permits us to scan any grid with a hypo-
thetical scanning pattern and note the
concurrences of incidences ... .  Thus
we may have a mathematical basts for
expressing and measuring the percep?ual
relationghips between the everts which
are uniquely interwoven in any person's
psychological space. [The Psychology of
Personal Constructs, p. 268]

Serving as a formal basis for theoretical
inquiry, a model so constructed provides
swift and accurate evaluation of any
proposed interactive system or change

to a system.

Such full understanding of interaction
(globally in a formal sense; from the
test bed of a model; and the actual
implementation of such systems as out-
lined in this proposal), leads to the
establishment of priorities in all future
man-machine relations, as well as the
capability for accurate and reliable
evaluation of all systems. The essence
of success is the quality of the
relation between human and computer.

And this, we submit, is all interaction.

Kelly, George, "The psyck

of personal constructs"
York: W.W. Norton, (16

e T

bl !




Mitchell, D., "An introduction
to logic", New York: Anchor
Inc.,

Books, Doubleday & Co.,
(1970) , p. 85
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24 2 Referents

In elementary logic, an appropriate way
by which to address the thorny problem
of the logically ambiguous sentence is
to try to close in upon its referent(s).
Logically ambiguous sentences abound,
usually arising from the fact that in
English, as well as other languages, the
self-same verb is used to express both
predication and existence. Take

the verb "is", for example, and the
sentences "There is a God," and "God is
just." (Contrast this with the sentences,
"There are unicorns" [existence], and
"Unicorns have horns" [predication].) We
may note the classic case of Descartes'
assertion "I think; therefore, I am,"
which inextricably confounds predication
and existence. Although there is no
sure way through the logical thicket, an
analysis that asks, "What thing (if any-
thing) is here referred to and what is
asserted about it?" (Mitchell, 1970,

p. 85) can serve to direct us to the
right path.

The assertion "Scott was the author of
Waverly" is a classic instance used in
discussing the role of the referring
expression. What this sentence ordinarily
intends is that the individual whose
proper name was "Scott" is that particular
individual who wrote the novel Waverly.

It is not the case that we wish to assert
that the words "Scott" and "the author

of Waverly " have the same meaning, but
rather that the individual whom we name
can be identified as the person who wrote
Waverly. Specifically, it is not the role
of the expression "the author of Waverly "
to refer. What makes a phrase a referring
expression is precisely the intention of
the speaker; words do not, of themselves
and independent of their usage, refer.
Langer makes a similar point with respect
to the act of reference; reference is
accomplished not by words at their own
level, but by nonverbal, referring acts
(such as pointing, looking, vocal inflec-
+ion, and the like). Words are themselves
too general in connotation and require to
some degree the assignment of specific
denotations.




In section 1.1, we have already noted that
graphical or "presentational forms" (to
employ Langer's terminology) have no
referents. I can, for example, show some-
one a drawing I have just done of my
house, and tell them it is of my house.

Surely it "describes" my house and "refers"

to it. But the token of communication I
have just displayed is still present in
its raw and immediate simplicity. It is
a drawing of my house and is not the simple

equivalent of my enunciating "my house® in
a pure act of reference. The drawing is
an instance of a nonreferential token.
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25241 Nonreferential Tokens

A nonreferential token, then, is a commun-
icative element or primitive not indicating
or referring to anything beyond itself.

The drawing of my house gua graphic is
nonreferential in essence; if what I wanted
to do was to refer to my house, and I were
communicating graphically, I would simply
write "my house," or perhaps draw some
simplified stick-figure of a house and

add a label, "mine." Surely, I would not
labor over the icon beyond what its ser-
vice as pointer or indicator would justify
unless I were of an unreconstructed rococco
temper.

Under certain conditions, words, the trans-
parent media par excellence, can attain to
nonreferentiality. If one were to listen
for some minutes to a looped tape recording
of some word recited over and over, it
would not be too long before the word
ceased to act as a word pointing beyond

to a referent, but instead commended our
attention at the level of its immediate
sonic qualities. Then, a short time later,
we might hear the word as being some en-
tirely different word. For example, the
word originally recorded as "Chaplain"

may turn into “Chapping," "Champagne,"

and so forth. A sort of "semantic satia-
tion" sets in, and our brain endeavors

to endow the momentarily denuded referent
sound pattern with an alternate, fresh
referent.




A drawing of one's house can be referen-
tial or become referential depending upon ‘s\\

how it is employed. As commonly employed,

it is nonreferential, that is, we deal

with the drawing, rather than with the

house through the drawing. (A blueprint

of the house under construction 1s'qu1te

a different case, being a graphic instru-

mentality by means of which we can discuss m w
the house.) While ordinarily nonreferen-—

tial, the drawing has the inherent pqten— 5
tial of becoming referential because it }

e 202 Areferential Tokens \ \(\Q\\S

has an essential one-to-one correspondence 5
to something beyond itself (the real §
house) .

But now, with the mind's eye, "zoom" into
some small portion of a drawing of the
house, say part of the lintel. Going in
so close results in the context of the
graphic shard being lost; the "lintel-ness"
of the icon drops away. We can no longer
"identify" what the object is, but deal
with it as pure surface, color, and line.
The effect is somewhat like that produced
by the "What-is-it?" photo-puzzles ap-
pearing in newspapers and magazines in
which some common object or objects are
photographed either from an unusual angle
or from very far or very near. A close-
up of a nail-file, for example, will
appear to be a desert mountain range, but
a bit too regular. We cannot quite iden-
tify the object, but run it against some
procession of possibilities, finding
resononance on some dimensions but not
enough on others.

In such photo-puzzles, it is essential
that we search for referents. 1t is part
of our "contract" as Puzzle-solver that
we do so. But there is something about
the brain that strives toward reference
as if our minds were designed primarily’
to orient us to an "outside" world.
Referents are both irresistible with
respect to words seen printed in our
native language, and compelling with re-
spect to the sight and soungs with which
we are surrounded. The unreferentiable

sense-datum is uncanny and disturbing




7/

\5; Our evolutionary legacy of hunting (and
' perhaps being hunted) compells us to "ac-
count" for any stimulus, to locate its
referent and determine its danger or
benefit to us.

We can find instances, however, like the
photo-puzzles, where nonreference occurs.
We find it fun -- perhaps because we ex-
perience a nameless and exquisite resi-
due of primal danger in the safety of our
livingrooms. As an example, abstract
paintings invite us to consider pure sur-
face, pure texture, pure line. Often the J
same lines and shapes will appear in |
several renditions of a painting with .‘
red tones in one version, yellow tones '
in another, and blue tones in yet another.

We are invited to generalize across

painting to the pure form investing them

all, but entirely for that form's sake;

it is not the form of any thing.

In pop art, a gigantic plastic frankfurter
may confront us. The familiar form is
pulled out of context nonedible and titanic
in proportion) and thrust at us. Apart
from any specific intent on the artist's
part, we are now forced to consider the
form alone, already sundered from its
familiar manifestation (regular, eatable
hot dogs) and returned to us as graphic
hyperbole.
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Consider the following situation: You

are at a dinner party in a foreign country.
Out of politeness your hosts and theilir
other guests converse with you and even
each other in broken English. As time
pPasses, they lapse into their own tongue
among themselves, and with enough wine,
maybe even with you. The point is that
you are listening to and trying to under-
stand a foreign language. We contend .
that if your dinner partners are discussing
a referent close in both space and time --
the quality of the wine, the design of the
room -- you will understand most of the
transactions. Conversely, if they are
discussing politics, telling a story about
what happened at the beach, or engaged in
a heady conversation on neo-brutalism,

you will be at a loss.

The observation is not startling. In the
former case, the proximity of the refer-
ent is such that you can infer information
from it and they can refer information to
it (with gestures, eye movements, etc.).
What is more important is the scale of
proximities, the extremes and that which
lies between. Dr. Avery Johnson, in an
unpublished paper and in coversation,
articulates five points on this scale.
The adjacent diagrams are taken directly
from his work.

.
In the first, the referent, the repre- Q»
sentation of the referent, and the con- i
versation are all one and the same. John- "G
son uses the example of making love.
Noticeably absent are: languages, sym- N &,
bols, and objects of discourse. 1In sec- Q% :

tion 1.5.1, Through Versus With, we N
discussed two paradigms. This first A
level of proximity, what Johnson calls :3“§-
"immediate," is the epitomy of "with." QY X
The participant in the dialogue is the L9
medium through which one discourses with 1
oneself. 1Its "reality" is in the trans-

formations it imposes.

4 %%

' . ‘\

The second starts to engage graphical con- UER
versation in its approximation to strict AR\
conversation theory. A sophisticateq AN 2
example is found in dual cockpit controls ;3".‘\
y 'S & @
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While the goal is indeed to fly the plane;
the referent is both close and communal.
The "communal" dialogue can be vulgarized
to the computer graphics (in a loose usage
of the term) we find in bars, airports,
and home television attachments, namely:
Ping-Pong, tennis, and the like.

In the third diagram we find adjacency.
Environmental controls are a good example.
The referent (for instance, temperature)
is close but only controlled through an
intermediary machine. The control can ,
be viewed as a policy and two protagonists j |
bandy the policy by directly affecting :
the climate. ;‘

The fourth is computer graphics as we

know it: metaphorical. Air traffic con-
trol is an example inasmuch as two con-
trollers, each with their own console,

are looking at the same airspace, per-
haps observing different airplanes, but
sharing a system of representation. The
referents (the airplanes) are further

away in space and time, diagrammatically
represented in this case. The conversation
can be viewed as the understanding of what
each traffic controller presumes the other
traffic controller will do. This is
achieved through protocols, knowing the
other controller, and sharing a common
goal.

The last stage, "symbolic," is most of
computer programming as we know it. The
referent is far away in space (and usually
time) and the syntax of interaction is
inseperable from the intended meaning.

The referent may even not exist except
ontologically as it is referred to: that
is, it may be totally symbolic of relation-
ships and therefore be beyond physical
grasp wherein an experiential sharing
could take place. Appendices II, IV, and
XI share a common example of sending a
telegram to a Martian about Cezanne.




233 Proximities
Interpersonal communication was once, 1n
a time we can no longer even imagine,
severely limited: you had to be next to
someone to communicate. As you moved
further away, you lost eye contact, and
soon shouting would give way to hand
waving. Hence the birth of media: the
extensions of man. The breakthrough
of the printing press forced an implicit
commitment to letter-based language words
and fixed sets of standardized symbols.
When electronic media entered our lives
in this century, bringing back a sensible
response time and the capability of inter-
change, the concentration unfortunately
remained on language: morse code, tele-
grams, telephones. Television brought
back the visual element but without feed-
back of reasonable cycle time. You can
play chess by mail since the interactive
space is shared and the span of the game
itself is long. But you certainly cannot
carry on an interactive graphical conver-
sation on commercial television. To
communicate interactively and at a dis-
tance, our hands are tied and our eyes
are distracting; we can only talk, grunt,

hum.

This proposal is a mechanism for bringing
graphics back into our interpersonal re-
lations. The lack of visual subtlety

and sophistication in everyone's every-
day lives is attested to by the most
natural selective system in society:
Madison Avenue attack schema. The con-
census seems to be that only through the
most intensive visual barrages can atten-
tion be gained or memory inscribed.

We want to bring back graphics to inter-
personal relations because of our commit-
ment to enhancing interactions in all
modalities and graphics is particularly
powerful and surprisingly neglected.
Enhancement is possible in the case of
two individuals in the same room (close
proximity), as well as at the distance
of a phone call. By understanding the
limiting case of what is necessary to
converse graphically at a distance, the
proximate case can be clarifieqd.

McLuhan, Marshall, "Understand-
ing media: the extensions of
man", New York: The New Ameri-
can Library, (1964)
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Helping two designers in separate cities
work over the same cup of coffee brings
a change in culture equivalent to that
of the entrance of the telephone in'ver—
bal communications. This new modality,
bringing in a fresh conceptual space to
share at a distance, is a major increase
in interpersonal relations. Scribble-
phone is a first step (Section 5.4.1).

Please note that this is not a plea for
removing the physical proximity of indiv-
iduals arbitrarily. Nothing should or
will ever be the equivalent to two persons
sharing the same coffee roll. The addi-
tion of new sensory modalities at a dis-
tance is a compromise, forced by the pre-
sumed necessity of individuals being in
separate spaces for personal reasons.

You prefer the city, your coworker can-
not live anywhere but in the plains of
Nevada. Other sense modalities need not
be neglected: one could postulate the
touch-analogue to a shared graphical
space (Section 4.3). At a particular
point in your conversation over the dia-
gram in front of both of you, you wish

to "punctuate" (notice the analogy from
language) your point of view by nudging
your partner -- so you nudge a pressure-
sensitive tablet, and your partner is
nudged in the arm, and your point is

made with the personal interaction as if
you were in the same physical space --
but not quite, and here is the central
issue. We submit that given the option,

physically present interaction is far

preferable. This includes all those
aspects of modalities that are unob-
served, barely conscious, and just-a-
feeling-I-had type of human interactions.

A good example for clarification is that

of theater, where the interaction between
actors and audience is the least definable

and measurable. Postulate the choice

between a real performance and a simula-

ted one in which all modalities are per-
fectly reproduced, including the essen-

tial actor-audience interactive loop.

We submit that in these two indistinguish-
able situations, the case of the actors .5\
present in the same physical space is and x
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always will be the more valid interaction.
This is a humanist view, which is maintained

throughout this research.

The absolutely central philosophical point
of view is that the purpose of higher de-
grees of interaction, and increased modal-
ities and simultaneities, is to enhance
the human needs and desires for communi-
cation. Any action in the direction of
depersonalization is in clear error.

T T TRV G et me e
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2.4 Color Reinforcement

The perception of color has always been
an important ability of the human visual
system, allowing identification of ob-
mects and recognition of subtle changes
from the norm. Humanity has genetically
and culturally acquired a wide range of
psychological reactions to various colors,
including preferences, physical and con-
ceptual associations, and psychoneurolog-
ical coding of color space (e.g., percep-
tion of hue, saturation, and brightness
rather than the relative red, green, and
blue content of a particular color).

Color is therefore of prime importance
in the coding of any visual interaction,
be it alphanumeric or graphical.

1. Redundant coding: Particular
objects, shapes, and other
conceptually classifiable
groupings (e.g., various gram-
matical components) can be rep-
resented by a particular color.
Thus, depending on the cognitive
viewing mode (search, compare,
associate), the one-to-one rein-
forcement of parameter type with
color can exploit faster or more
subliminal perception mechanisms

§ that could reduce conscious pro-
cessing and intraverbalization
{ in a task.

tLettvin, J.Y., "The colors of i i
R 2. Error detection: The perception

Rioc- » RLE, QPR, MIT, of unexpected colors for objects
) -

| normally redundantly coded in
color can quickly cue an abnor-
mal, illegal, or incorrect con-
dition. These color misassocia-
tions can be quite prominent
(pink elephants) or subtle
(slight change of skin tone to
reflect emotion).

In some cases, the primary param-
eter or coding mechanism may be
difficult or ambiguous to per-
ceive (due, for instance, to a
particular spatial configuration).

r 3. Substitutive secondary coding:




In such cases the viewer can
substitute the secondary color

encoding or illumination param-=
eter to resolve the recognition

conflict.

4. Nonredundant coding: This is
perhaps the most important type
of color coding, where the dimen-
sions of the color variable can
add information without reducing,
detracting from, or even being
correlated with other information
since color is an extension-free
variable: a point can be colored
even when it is too small to have
texture properties or an object
shape. Thus the addition of the
three dimensions (hue, saturation,
brightness) of the color variable
to a graphical conversation pro-
cess does not compromise resolu-
tion or geometric integrity as
does shape coding, cross-hatching,
etc. Color increases the band-
width of communications by in-
creasing the information (e.g.,
number of entropy bits) per unit
visual area.

Color has a great impact on the other
senses due to the natural tendency to
associate colors of visual information
with colors of objects and phenomena from
our past experiences. "Every color pro-
duces a distinct impression on the mind
and thus addresses at once the eye and
feelings," as Goethe wrote. Such reactions
can be used to advantage in graphical con-
versation systems to convey more than just
the semantic sequencing of characters and

sketches.

Due to environmental experiences and con-
ditioning, the human reaction to color

and the natural association of physical
parameters with color varies from culture
to culture as well as geographical loca-
tion. Certain basic associations are
quite universal in defining what could

be thought of as warm colors (red, orange
yellow) and cold colors (cyan, blue, ’
indigo). Warm colors are usually

Johann, Goethe, "Theory of col”

ors",
Press,

Cambridge, Mass.:
(1970)
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associated with the sun (direct light),

and such qualities as opacity, stimulation,
denseness, earthiness, nearness, heaviness
(in weight), and dryness. Cold colors,

on the other hand, associate with gestalt
concepts of shadowiness, transparency,
sedation, airiness, farness, lightness

(in weight), and wetness.

In applying the results of color psycho—
physical measurements, human engineering
experiments, and psychological tests to
designing color graphical conversation
reinforcement mechanisms, it should be
remembered that color effects are never
absolute but are relative to the total
situation.

Color coding relies upon the early-in-
stilled verbal reinforcement of visual
recognition of color hues. "The powerful
semantic differential is the only approach
so far developed which is sophisticated
enough to place color naming research

on a firm basis." Thus, in addition to
conscious and subliminal associations

of colors and physical parameters or
broader memory concepts, color scales
with numerical accuracy can be created
because of the uniformity of color hue
recognition and accepted (or easily
trained) naming conventions.

Of course, these powerful possibilities
of color coding and color inference have
distinct disadvantages if misapplied or
incorrectly planned. Poor choices of
color codes or referents can induce nega-
tive subliminal emotions that can lead

to strain, fatigue, or misinterpreted
communications.

Color has another role beyond reinforcing
communications in its associative and
coding functions, namely to improve the
communications channel. Investigators
have found yellow to be representative

of force, action, and repulsion, and blue
to induce negation, weakness, passivity,
and attraction. Other studies have tried
to relate the color of a child's instruc-
tional material and learning environment
to performance (one study found orange




to be the best color). Other researchers
have long appreciated the impact of the
dominating colors in an object, surrounding,
or field of view and the physical and
mental health of the viewer. "It 18

now ... apparent that physical health

may be impaired by color surroundings --=
mostly by response to changing moods."

In summary, the uses of color in inter-
personal and intrapersonal graphical
communications systems are quite varied,
ranging from the three-dimensional exten-
sion-free coding properties (e.g., hue
naming) to the much more subtle subcon-
scious or nonverbal level processes of
identifying, classifying, and associating
and even to the induction of feeling in
the other senses.

Johannes, Itten, "Kunst 9€&
farbe", 0. Maier, PavensP¥
Germany, (1961)
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3.0 MEDIATION

Mediation is an essential ingredient of
successful communication. This chapter
elaborates upon that conviction through
examples and by outlining the factors
necessary for successful mediation. The
sections then review our experience in
these areas and point to our intentions
for the proposed work.

Mediation is making certain the point
"gets across." It is the intent behind
the plea, "Do what I mean, not what I
say." It is accomplished by:

1. Amplifying - adding more infor-
mation, perhaps to set a
context

2. Reducing - eliminating redundant
or confusing information

3. Focusing - drawing one's
attention to a central issue

4. Translating - phrasing the
intentions of one party in the
idioms of the other.

Examples of mediation are ubiquitous.
Everyone has used the phrase, "He doesn't
speak my language," in reference to
someone who fails to use common meta-
phors. Such dilemmas are often resolved
by a third, mediating party. Even the
critic's role is that of mediation --
deciphering a message encoded in one
modality and recanting it in terms less
opaque (to some).

The need for translation is not mitigated
by the use of graphical languages.
Witness the case of the architect who has
spent a lifetime refining graphical
shorthands (plan projections, detail
sections) in an attempt to convey spatial
concepts to clients who perceive only by
means of the least abstract of repre-
sentations (perspectives, photographs).
The machine should mediate, allowing the
architect to "speak" graphic shorthand
and enabling the client to "listen" to a
more representational message.

Nor is mediation confined to interperson-




al communication. How often must people
puzzle over obscurely scribbled notes

and diagrams -- "What was that all
about?" Imagine the power of these notes
self-elaborating as one frowned over
them.

What, then, are the requirements for a
good mediator? Mediation requires'a
knowledge of the parties involved in a
conversation and of the topic being
discussed. Knowledge of the parties
(personalization) is necessary to know
what message is intended ("When George
says: 'left,' he means 'right'") and to
know how best to insure its proper
reception ("Turn to starboard").
Knowledge of the subject is necessary to
make the proper transition.

Sections 3.2 and 3.3 address issues
pertaining to the knowledge of the
conversants by reviewing our philosophy

and experience in the areas of personal-
ization and inference making. Knowledge
of topic is discussed in section 1.5,
Intelligent Systems; additional threads
of that issue are further explored in
section 3.4, Memory.
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3ol Filtering

We use the word "filtering" in an active
sense to mean adding and transforming
information as well as subtracting it so
that the intended meaning is conveyed
with the least amount of extraneous and
confusing information.

An appropriate paradigm is that of a
skilled and efficient secretary who
handles routine business, screens and
interprets incoming information, and
expands outgoing information, occasional-
ly writing an entire letter on the basis
of a few phrases.

In a computer-mediated interpersonal
conversation, the filtering operation may
give the appearance that the two parties
are engaged in cdifferent conversation;
the images viewed at either end need not
be identical at all times. Depending on
the level of inference making and person-
alization, the conversation will fall
somewhere on the following spectrum:

1. Sharing the same images

2. Instantaneously transformed
images

3. Personalized interpretations of
shared models

4. Interpretations of personalized
models

Stages 3 and 4 eliminate the requirement
of concurrency for purely discursive
information. Each user, in interaction
with his own machine, develops a model
(the entailment mesh of subsection
1.5.2) that then serves as a basis for
the conversation.

Ei;her party may ask questions, emphasize
points, or cause some aspect of the model
to be transmitted.

The control of such actions may ultimate-
ly reside in the machine, such that the
person at the other end would not know

if he were talking to a person or a
machine -- a graphical version of the
"Turing test."




The timeliness and appropriateness oft
the filtering operations are the key to

their success. As the inference-maklpg
capacities of the system increase, this
issue will have impoxrtant implications
for diplomacy and privacy, knowing to
whom one's computer may reveal one S

feelings and who should receive a tactful

interpretation.

The following subsections describe four
aspects of filtering:

Amplifying
reducing
focusing, and
translating.

Although the themes of this section
inform all of the tasks described in
chapter 5, they find their most specific
application in subsection 5.3.14,
Transformations.

Sketches as Filters

The following scenario is not uncommon. A
layout, structural system or whatever i
advanced on a piece of tracing stock, modi-
fied, reworked, frequently overtraced
instead of erased. Sometime just before the
author of the sketch loses track of what is
where and for real, he overtraces limiting
contours, reinforces tentative decisions in
highly worked areas and punctuates high-
lights. Subsequently, a fresh sheet is over-
layed-and its translucency reveals only the
darkest markings, obliterating the lighter
line work of construction lines, vacillations
and inquiring search. The overlay is literally
a filter. Computationally, given that the
data including pressure are recorded se-
quentially on magnetic tape, we can approx-
imate the intentions of this filter by reading
the tape backwards and resolving contradic-
tions by presuming that the most recent
lines are the most intended

Less literally, a sketch can be viewed as 4
filter by virtue of those elements which
must be left out because of their cumber:
some representation in this particular me-
dium versus clay, balsa or sugar cube model-
ing. Color and texture, for example, are less
readily conveyed. The tedium of switching
pencils or texturing surfaces makes such
line work more an effort of studied presen
tation than a vehicle of cursory search
Again, this is highly personal. Some archi-
tects dwell on fussy line work, incubating
strategies, illustrating impressions Of, Per”
haps, camouflaging realities

Sketches lend themselves to diagramming
flows, to projecting structures and gri:
and to delimiting boundaries, silhouettes
and containments. Otherwise, they are a¥K°
ward, and line work yields to symbob:
frequently annotations, in order t0 gan
dimensions of definition; for example, the
label “brick may substitute for what 0t¢
wise would require undue graphic detdil
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3.1.1 Amplifying

One of the most aggravating aspect of
using a computer is the requirement that
every request be described in specific
and detailed terms. The novice finds
this disconcerting, eventually discover-
ing that the machine does not really
know what he means, and the expert fipds
it annoying, having to type (or digitize)
many things in order to accomplish
something he could describe to another
person in a few words because of the
other person's grasp of the context of
the description.

The role of amplification is to add
information. This can happen both on
input to the machine and con output from
it. A common form of input amplification
is the abbreviation facility provided by
many time-sharing systems for command
input. A logical extension to graphics
is the interpretation of gestures
(subsection 5.3.4). Such features can
go beyond mere expansion of macros,
interpreting the user's actions in the
context of the situation, the data
currently displayed, and models of the
user and the problem.area.

Amplification is also the expansion of
output to make it more meaningful to the
user. In its most banal form, output
amplification can be the selection of
brief or verbose system messages, based
on the machine's perception of *he user's
familiarity with the system.

Analogies drawn from the data base can be
especially useful in output amplification,
extending the grain to provide a more
detailed graphical representation. This
may be in connection with a specific
message ("turn left on 10th Street"
becomes a map of the intersection
including representations of landmarks
best known to the recipient) or may be a
means of exploring a highly structured
and complex message. This last idea is
best illustrated by Ted Nelson's Hyper-
text concept, in which a user manipulates
himself through a completely cross-




indexed text file, explicitly controlling
the level of detail and the sequence of
reading the message.

Amplification may result in the expansion
of a previously reduced (subsectlop
3.1.2, Reducing) piece of information,
causing it to be transformed. Th%s {
process is described in more detail in
subsection 3.1.4, Transforming.

Another application of amplifying is the
reiteration of something that was not
understood, as a teacher does in response
to the bewildered stares of students.

Amplification also includes the possi-
bility of adding information that is
relevant only to the man-machine inter-
action itself. This might take the form
of offering possibly interesting
information during those periods when the
user is not actively engaged with the
machine. Contemporary examples are to
be found in the various messages and
pictures displayed on the "free" termin-
als of many time-sharing systems.

v 's manual'

"Multics programme 1
reference guide", Honeywe
formation Systems, (197
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3.1.2 Reducing

In a future marked by inexpensive, high
bandwidth communication and instant
access to information, much of it
computer generated, there will be a
pressing need for a facility to cut out
the superfluous. Information to be
filtered may be:

Irrelevant
Redundant
Annoying
False
Misleading

The action to be taken can be modeled on
{ the operation of the office staff of many
ﬁ public officals who receive a large
volume of correspondence:

Ignore
Note for summaries

' Respond
Forward

Save
Interrupt

These actions are tied to a model of
what the user knows and wants to know.
? Incoming messages are classified on the

basis of content (subsection 5.3.6,
Caricature) and origin. The first
reduction processes will be simple
passive filters, as in the Stanford wire
service extractions. Eventually, as the
computer mediator assumes those functions
the user does not wish to perform,
surrogate conversations will be possible.

e
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3.1.3 Focusing

We use "focusing" to mean those tech-
niques by which the user's attention can
; be directed. This can happen in two
‘11 ways:
!

1. Obscuring irrelevant information
‘ by simplifying the display
i 2. Calling attention to relevant
‘ f information by elaborating the
' display

Although these two operations may each
result in a net change in the quntity of
information being displayed, they are
distinguished from adding and reducing by
their action at a different level of
transparency. Adding and reducing oper-
ate at the level of the subject matter
itself and thus affect its cognition.
Focusing affects the perception of the
information; it is a means by which the
subject matter can be viewed. At times
this can result in a complete change of
the image, as when the focusing knob of

a powerful microscope is turned, bringing
different levels of the slide into focus.

Obscuring irrelevant information may be
performed by

1. Blurring, diffusing, bleeding
2. Diluting and darkening

3. Texturing

4. Abstracting

Blurring, diffusing, and bleeding are
techniques by which information at each
point in the image is caused to overlap
with its neighboring points. The
algorithm can be chosen to simulate any
one of a number of physical process, from
turning the focus knob on a camera to
sprinkling water on a madras print.

piluting and darkening result from
reductions of the saturation and intensity
respectively. As such, they involve ;
global modifications to the picture rather
than the local effects of blurring.

Texturing is the adding of information, as
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by screening, which masks information in
the original picture.

Abstracting is an all-inclusive category.
The above three categories all result in
a degree of abstraction as they cause
details of an image to be lost. It is
easy to imagine any of the above opera-
tions transforming an irregular brick
wall to a brick wall, then a wall, then

a rectangle, then nothing. Unfortunately
such transformations can not separate
essential from inessential information.
The wall not only becomes more abstract,
it becomes harder to see at all as the
outline blurs along with the detail.

Only an active filter, such as an artist
or a computer can selectively focus an
image. An approach to this problem is
discussed in subsection 5.3.6, Caricature.

Calling attention to relevant information
is more than just the inverse of the
above. The obscuring techniques act to
reduce the attention-getting properties
of details in an image, such as sharpness,
distinctness, contrast, and visibility.
Similarly, new dimensions can be added to
an image. They are:

Sound

Color

Texture

Motion
Alternation
Visual effects

The use of sound as a positioning clue is
an important part of our current work in
spatial organization of data and is
described in subsection 8.1.1, ARPA --
Spatial Data Management System and in

Appendix III, Multiple-media Man-Machine
Interaction.

Color and texture can be added selectively
for emphasis just as they can be sub-
tracted generally for de-emphasis. While
they both find application throughout
chapter 5.0, Tasks, color is addressed
specifically in subsection 5.3.7, Color
Adjuncts.




Motion, alternation (blinking)., and
visual effects in general can be used to
attract attention. The benefiglal
effects of motion and alternation on
cursor performance are well known and
are explored in subsection 5,345
Cursors. Other effects, inspired by
broadcast industry tools such as.chroma—
key may find widespread application as
raster scan displays become commonplace.

The differences between obscuring and
calling attention to can be likened to
the differences between the cinema (or
television) and the theater. In a
stage production, the attention of the
audience is focused primarily through
attention-getting mechanisms such as
sound, motion, and lighting. Films, on
the other hand, choose a much more
restricted point of view, eliminating
much of the setting, and restricting
what can be seen in a frame by selective
focus. This use of focus is so common-
place that its absense can be quite
striking, as in the deep-focus scenes
of Citizen Kane.

Dynamic computer graphics has typically
followed the cinematic paradigm, but
with the added capability that the user
may choose the "camera angle" and focus.
Unlike the filmmaker, however, the
computer user has no perspective of the
scene other than the viewpoint he
chooses for his imaginary camera. As
users of three-dimensional display
systems can testify, it is very easy to
get lost with such a restricted point of
view.

The advent of large-screen computer
displays will open the option of theater-
like rather than cinema-like perspectives.
In such an environment, the focusing
capabilities described in this subsection
will assume significance.
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3.1.4 Translating

The three preceding subsections
described ways that a message can be
transformed. Information can be added
and subtracted, and parts of it can be
emphasized and de-emphasized. In this
section we extend the concept of
filtering to include the replacement of
information as it passes through the
system. This translation process
enables two people (or two viewpoints
embodied in one individual) to communi-
cate in the language and style that
best suits them.

An architect can sketch a diagram of a
building. The machine can then trans-
late the diagram into a rendering of
the building for a client to examine.
Alternatively, the architect may view
the same output for the purpose of
evaluating the aesthetic features of
the design.

The ultimate applications of translation,
personalization, and inference making,
will allow each person to speak and draw
in his own vernacular and be completely
understood (or as understood as he
wishes to be). In the meantime, trans-
lation of graphics should prove easier
than translation of natural language, as
explicated in section 1.4, Characteris-
tics of Graphical Conversations.

An early application will be the trans-
lation of gestures, where meaningful
results can be achieved with simple
one-to-one mappings.

The transformations described in sub-
section 1.4.7, Tautological Transforma-
tion, and further explored in subsection
5.3.14, Transformations, can be employed
to give two people two different per-
spectives on a concept.

The ability to infer and express intent
is the key to bringing the computer-
mediated transaction up to the level of
communication currently available only
by using human intermediaries (see




section 3.3, Inference Making).

The increasingly sophisticated levels of
translation imply underlying data
representations of growing complexity.
The one-to-one translation of gestures
will probably not make use of any
internal canonical format, but the
addition of context to such interpre-
tations will require a representation

of the progress of the conversation.

Eventually there will be many levels of
data base with intervening mappings.

A typical gesture may be translated
through the following representations:

Gesture of person A
Drawing of person A
Data base of person A
Canonical data base
Data base of person B
Drawing of person B
Focus of person B
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3.2 Personalization

Appendix VII recounts a story about a
psychotic painter undergoing therapy.
The analyst spends years with the
artist, whose illness happens to worsen.
The anecdote ends with a situation where
the painter's figures have degenerated
into scribbles recognizable only by the
doctor. This is the limiting, and
pathological, case of personalization.
Milder examples are found in interper-
sonal relations with travel agents,
waiters, and the like. Intrapersonal
interaction is characterized by person-
alized management of one's desk,
calendar, wardrobe, and so on.

Personalization is a very complex social
phenomenon that we do not intend to
study as such. Specific tasks in
chapter 5.0 will dwell on levels of
personalization that range from the
trivial (Is the user right- or left-
handed?) to the nontrivial (Is the user
a wholist or serial thinker?). Our
current Office of Naval Research work
(subsection 8.1.2) concentrates on this
topic in particular; we are offering it
as a subtheme in this proposal to NSF,
to be read as an attitude rather than as
a task.

For the most part, personalization is
absent from computer graphics. Even the
commonplace profiles of time sharing do
not invade the format of displays, input
technologies, or graphical shorthands
that might be available. In section 4.3,
we will call one approach to the intro-
duction of personalization the both/and
attitude and strategy.

Architecture offers a good exemplar in
the design of homes. Everybody's home is
personalized to some degree, even if with
rented furniture. The scattering of
memorabilia (or lack of them), the
cleanliness, the color schemes, and the
density of knicknacks are all part of
personal life styles, but very much at
the surface. Most people can transport
this level of personalization from a




e to a ranch

brownstone to a high-ris A
house. At greater structural depth (in

the more literal sense of structure) one
can imagine a design that is truly
personalized (Appendix X) in the lack of
closets, limited bathrooms, huge kitchen,
windowless bedroom, etc. This 18
troublesome in that the hardware 15
static, difficult to resell, and fre-
quently subject to outgrowing and
obsolescence.

A computer analogue can overcome the
above limitations because its nature 1S
determined by software and thus is not
static. 1In a scheme for mediation with
one's self or between one's self and
others, the dynamism of personalization
can allow the fulfillment of the seem-
ingly whimsical "I feel like reading it
in Times Roman today." Personalization,
not to be confused with sloppiness, is
extremely important in making work and
play synonymous. Many of the authors
reviewed in Appendix VII dwell on
personalization as the literal inter-
section of work and play. In all cases
they argue for personalization in. terms
of the capacity to act in a creative
climate. We argue that the key is in
inference making.
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3.3 Inference Making

Appendix II uses the following husband
wife scenario:

Okay, where did you hide it?
Hide what?

You know.

Where do you think?

on!

We believe that personalization is a

necessary condition for inference making.
Without personalization one has what is ,
commonly called an assumption. In Rl

computer jargon, we contend that an }
assumption is most closely approximated
by the infamous default option. Ptk

The Architecture Machine Group has a
long history of inference making
strategies for graphical conversation.
Appendices V and VIII dwell on sketch
recognition. Inasmuch as the recogni-
tion of sketches is not outlined as a
specific task or theme for this
proposed continuation of our work in
computer graphics, this section will
use it later as an example of one level
of inference making.

A particularly human phenomenon is the
desire to say something once. A
particularly computer phenomenon is the
need to say the same thing over and over
again, to degrees even beyond those
encountered in discourse with the most
stubborn, dimwitted child. The

simplest kind of inference making is
therefore characterized as expanding
macros. These are both knowledge based
and personal; acronyms are an example.
As a personal example, this author, non-
German speaking, finds it difficult to
look at a German headline with the
German word for "with" and not read it as
"Massachusetts Institute of Technology."
Or, in another example, Marvin Minsky
characterizes Larousse Gastronomique as
having unexpandable macros: "cook until
done," "use proper sauce," "spice
appropriately."




Inferences are macro-expansions only at

the most superficial level. In a deeper
sense, an inference is the recognition
of an intention, namely, what I mean
versus what I say. In sketch recognition
we have based this level of inference
making on the speed and pressure of
drawing. In the well-known adjacent
diagram, the two figures are the same 1n
shape, viewed after the fact. However,
their constructions were dramatically
different. The first was hastily
generated, intending to imply closure,
even squareness. The second, in
contrast, was a carefully scribed blob,
meant to be such, i.e., splined. The
crux of our current NSF work is the
correlation of speed to intention and
its variance across individuals. Indi-
viduals vary from each other dramatical-
ly and must be "profiled" or personal-
ized accordingly. Also, the same indi-
vidual varies from day to day, mood to
mood, subject matter to subject matter;
thus, the system must (for the time
being) be interactive (as suggested by
Herot) and not omniscent (as presupposed
by Taggart).

The deepest level of inference making is
that proverbial target that always seems
to be the same distance away no matter
how far we travel toward it. That is:
wWwhat do I intend to achieve? 1In sketch-
ing, linework tends to be a solution to
an intention, which, if differently
understood, might have a better solution.
The way a problem is stated often
occludes the nature of the problem, and
frustrates the solution. One is reminded
of a number of design solutions proposed
to reduce crime (namely rape) in eleva-
tors of high-rise tenement buildings.
Solutions included changing the layout
of access or installing television
cameras, alarms, and patrols. The real

intention, however, was only recognized
by the designer who implemented the
successful solution of placing bulletin
boards by the elevators at each floor.
Rapidly these bulletin boards became
filled with local notices (for sale,
baby-sitting needed, swap parking spaces,

Herot, Christopher, "Graphical
input through machine recogni-
tion of sketches", Proceedings
Third Conference on Computer
Graphics - SIGGRAPH, Philadel-
phia, (1976)

Taggert, James, "Sketching, an
informal dialogue between de-

signer and computer", in "Com-
puter aids to design and archi-
tecture", N. Negroponte (ed.)s
New York: Petrocelli/Charter,
(1975)
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3.4 Memory

This section is about memory as something
more than storage. The following two
subsections dwell on two particular
aspects of memory germane to the
dynamism of graphics. Appendix I covers
its rapport to conversations stricter
than those introduced in subsection
3.4.1. In these introductory paragraphs
we comment on some of the static
features of pencil-and-paper type
memory.

A recent (winter 1975) internal memoran-
dum at the Rand Corporation semi-jokingly
warned about throwing away the message
with the medium, appropos to the
importance of paper in office automation
(expanded upon in Appendix III).
Observations ranged from the facility
for scribbling notes to the ability to
recognize how well read a document might
be by the degree to which it was
crumpled. The detective work can go
further: Are their coffee stains or
Campari stains? Was it folded to be put
in a pocket? Was it retrieved from the
trash?

This is static memory, interpretable by
an observer, but not manipulable from
within the medium by, for example, the
author of the document. It is nonethe-
less an important and frequently over-
looked kind of memory. The explicit and
implicit marks we make on things are very
personal and important kinds of memory.
One need only be reminded of the common
occurrence of having something (seemingly
unrelated to the conversation at hand)
pop into one's head and hastily jotted
down in order to be remembered and tended
to later.

Sketches as Memory

Sketches afford an eclectic medium for
short- and long-term memory. Consider:
first, how easy 1t 1S tO Memorize a stream of
text (poem, perhaps) and recite it fai(h(ully
in comparison to how hard it is to recreate 2
graphics accurately without instrumenta-
tion or tracing; second, how selective a
sketch is in representing only a portion of
the topological and geometrical properties
of a design as a result of either deliberate
reduction or genuine unknowing. Memory
fuzziness can be seen as consonant with
design development, gaining crispness over
time, developing consistencly and analogous
to the passage from a 6B to a 6H pencil
representation. This can and ought to be
true for both machine and designer.

A problem of correspondence arises be-
tween the machine’s internal representa-
tion. culled from inference, and the user's
representation of line work residing on
paper. Remember that the experimental
conditions are computationally passive. Fre-
quently, either several geometric CONSITucts
must be brought forth by the computer as
candidate interpretations or else memory
must be organized with room for approxi-
mations and redundancies.

The issue of commensurate memories is
complicated by the technical problem of
cumulative and round-off errors. It is most
visible in the problem of latching. The
standard solution is to present graphic
interpretations on a television-like device,
forcing the user to employ the machine’s
memory only, that is to retreat from the use
of paper. While there is certainly a future 10
that vernacular of conceptualization, u{b'-'
instead of tablet, it is currently a limiting
way of working, cluttered by the clumsiness
of so-called light pens, unattuned 0 Of
thought. Recall that the machine’s gﬁPh"
inferences are not made for the purposes©
straightening crooked lines or neatening
sloppy drawings, but for the purpose of
compressing the data into a format man-
ageable by a participating machine. Too
frequently this is forgotten, especially be-
cause we tend to show off or verify ouf
computer programs by peeking into their
mcmnry.

The human use of the sketch as memory 5
more complex. This is partly because the
sketch can be either a proposition Of an
analogy and partly because the user intuits
and recalls information which, though
might claim is in the sketch, in fact 1 not,
but is rather in his personal responsé to It
It is computationally messy. It is most
conveniently viewed as a filtering system-
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Held, R. and H. Mikaelian, "Mo-
&or—sensory feedback versus need
in adaptation to rearrangement",
Perceptual and Motor Skills, 18,
(1964) , p. 685
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3.4.1 Derivability

When a touch typist is asked where the
"P" key is located on the keyboard, he
or she will neither engage in an "ASDF"
exercise nor squint to visualize the
keyboard, but instead will feign to type
a "P" (in fact, by literally lifting
hands to an imaginary typewriter).
Similarly, in finding things on one's
desk or in one's files, it is noticeably
easier to locate something if one put it
there oneself, than if one just knows
where it ought to be. 1In short, motor
involvements are important dimensions

of memory, studied extensively in other
contexts by Held and his colleagues.

We consider these as examples of the
"derivables" in conversation theory.

In computer graphics one finds the
existence of similar derivables in the
structured display list. A difficult
general concept to introduce to a
student already well versed in drawing
and drafting is the notion of structure
in drawings, even in strictly 2-D
settings. The idea of a subroutine is
not difficult; one can liken this to
rubber stamping or any trick of repeti-
tion. But the topology of a drawing is
exceptionally hard to comprehend until
you have written a computer program to
engage in interactive graphics.

Plotter or storage tube-based graphics
takes derivability to the extreme inas-
much as no picture memory need be kept
in line. 1In fact, it is not uncommon in
present-day drafting systems for the
process to regenerate the entire
"window" (and in some cases the entire
picture) to find the closest line or to
point to some X-Y graphical input.

In raster scan graphics, which is where
we believe the future lies, the inter-
play is different and less well
understood. A specific task is
enumerated in subsection 5.3.2, Shape-
Oriented Graphics Language. Part of the
newness to the problem is specifically
related to memory, inasmuch as mermorv and




the picture can be literally synonymous.
In some future displays (subsections
5.4.4 and 5.4.5), the display medium
itself can be readable and writeable
memory (this is particularly true with
thin film transistor technologies).
What happens in these cases?

Derivability, or encoding, becomes a
complex technical problem as well as a
complex conversational space. This 1is
aggravated by the fact that we loose
precedents from which to gather enough
evidence to make good starts. For
example, we don't normally converse in
color, and we have few examples of
painting photographs. One must begin
thinking about the 2-D surface as a 3=D
memory.
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£ 3.4.2 The Interrupt 2/

’ Early work (1968) on URBAN5 engaged in a bw
problem area that has not been addressed %, %
since: the interrupt. In those days, ’;
the argument for dynamic memory was based “&L'
on the interrupt calling to the user's i
attention a so-called conflict, a state sBe4 it
of inconsistency he or she might not nﬂwm
otherwise notice or query. The inter-
rupt surfaced with an insidious buzz
and printed messages of what the user
had said and what conditions then hﬂﬂ'
prevailed. The unstudied problem was ’
one of timeliness. My

Appendix VII pursues timeliness in the
context of creativity, within the
consensus that suspending judgment is
often the key to sprouting new ideas.
We shall not repeat it here. Tasks in
chapter 5.0 focus more on the problem of
timeliness in the sense of hints,
reminders, and what might be called
"graphical imperatives." The mediating
system is behaving like an intelligent
alarm clock.

#€groponte, N., "URBANS - a
fcbine that discusses urban

g Sion", in "Emerging Methods
#f Design and Planning", Gary
gOre (ed.), cambridge, Mass.:
T Press, (1970)




“And how are we feeling this
morning? Reply when you hear a beep.”







1.0 INTRODUCTION

1.1 Where Words Fail

| ‘ 1.2 Conversation eory

| i 1.3 Inter- Versus Intra-
1.4 Characteristics of G

Liberality

2 Transparency of the Interface

3 Transparency of the Medium

4 Encouragement to Interact

$ Exteriorization

6 Interpretability

7 Tautological Transformation

]

9

1

1

i

raphical Conversation

Non-tautological Transformation
Series Not Seguence
0 Analogy as Ossified Agreement
1 Concurrency
In gent Systems
<1 Through versus With
2 Entailment Meshes
3 Machine Recognit.on

A SRR

2.0 INTERACTION
2.1 Measures
2.1.1 Semantic Differential
. Repertory Grids
2.2 Refere

2

n

1 on-referential Tokens

2 A-referential Tokens
2.2.3 Proximities of Referent

.3 Proximities

.4 Color R

[N

4.0

Displays

Hardware

5.1.5
Schedule

Projects and Themes
T.3.1 Conversation Place

wN

e

Shape Oriented Graphics Language
The Intelligent Pen
& . Gestures
7 . Cursors
! Caricature

Color Adjuncts
Sound-sync Animation
Input Feedback Systems
0 Drawing with Your Eyes
1 Seeing through Your Hands
2 Knowledge Based Graphics
3 Measuring Interaction
. 4 Transformations
.3.15 Tracing Paper
5.3.16 Painting Photographs
5.3.17 Personalizing the Screen
5.4 Hardware Landmarks

WWWWWWWWOWWWW
Pt et et et DD OV B N

LR RT R SR TR R TR AT RV

. cri ephone
5.4.2 Touch Sensing
5.4.3 1000 Line Color
5.4.4 Future Frame Buffers
5.4.5 Flat Displays
5.4.6 Write-once Memory
5.4.7 Color Hardcopy
5.5 Dissemination of Results
%.5.1 Publication Schedules and Plans
5.5.2 Machinations Continues

6.0 HYPOTHESIS TESTING

FACILITIES

7.1 Personnel
7.1.1 Nicholas Negroponte

2 Gordon Pask }

3 Richard Bolt

4 Robert Solomon

5 Christopher Herot

6 Paul Pangaro

7

8

9

1

i

7.0

Guy Weinzapfel

Seth Steinberg

pill Kelley
0 New Faculty Position
o

‘2.2 Ph. D. Concentration in Computer Graphics
.2.3 Ms. Program in Computer Aided Design

.2.4 Undergraduate Research Opportunities Progras
.2.5 Arts Programs

earch Environment

. Relationship to Other MIT Laboratories
2 Hardware Facilities

3 Current Software Support

4 Local User Community

8.0 CONCURRENT SPONSORED RESEARCH
8.1 Pederal Support
Lo ARPA - Spatial Data Management System
8.1.2 ONR - Idiosyncratic Systems I
8.1.3 ARO - Understanding Color in Displays
8.2 Industrial Sponsorship §
¥ IBM - Computer Animation ‘
8.2.2 Informal Industrial Support |
8.3 Planned and Concurrent Proposals
— Bede NSF and ERDA - The Intelligent House
8.3.2 ARI = Continuing Color Studies
8.3.3 NEH - Conversational Video !
8.3.4 IBM - Media Room
8.3.5 Discretionary Arts Support
9.0 BUDGET

9.1 Budgetry Overview
9.2 Composite Five Year Budget

9.3 Yearly Differences
A 1977=197

9.3.1

9.3. 1978-1979
9.3.3 1979-1980
9.3.4 1980-1981
9.3.5 1981-1982

9.4 Explanation of Footnotes in the Budget

10.0 APPENDICES
I Introduction to Soft Architecture Machines

11 Idiosyncratic Systems

I1X Multiple-media Man-machine Interaction

v An Idiosyncratic Systems Approach to Interactive Graphics

ﬂ Sketching - A Paradigm for Personalized Searching

VI Raster Scan Approaches to Computer Graphics

VIl On Being Creative Using Computer Aided Design

¥§xx Graphical Input Through Machine Recognition of Sketches ?

Touch Sensitive Displays
X Architecture-by-Yourself
X1 Return of the Sunday Painter




Ste

layg

Ouse

hines

n e )
'm:eractm &
ed Searchiss
raphics
,deeim

ynition of 9%

113

4.0 TECHNIQUES AND METHODS

This chapter is as much about styles of
and attitudes toward research as it is
about technologies and methodologies.

The four sections that follow should be
read as the givens of our apgroaqh to
conversation theory, as distlngglshed
from the facilities enumerated in chapter

6.0. In some cases these givens are

mechanical devices, such as personal
computers. In some cases, they are as g
vague as a mental set such as "both/and.

Conspicuous by omission is the not@on of
applications. Conversational domains are
defined by applications to, for ex§mple,
engineering design, office automation,
and map making. If we liken our proposed
research to current research on machine
understanding of natural language
(written or uttered), this omission would
be a serious mistake. However, we remind
the reader of talking through a machine
and the consequent ability to be
independent of application in basic
research.

Nonetheless, the seventeen tasks listed
in the following chapter will be tested
in specific settings. In some cases
these are specified by the nature of

more mission-oriented concurrent research
and in some cases these are circumstan-
tial, as a result of the makings of our
user community.

We are in the School of Architecture
and Planning which includes a growing
Arts Program. The fabric of users, thus
has an uncommonly sophisticated and
well-formed need for color graphics.
This comes from both the mapping needs
of planning and the video-graphics
needs of the arts. We recognize that
much of our current effort on color is
determined by this intersection of
needs and offer this as an example of
applications infusing technologies with
a momentum of user needs, without

which the exercise is abstract and
academic.




This is not to say that all the tasks
will deploy techniques and methods of
circumstance. Continuations of
architecture-by-yourself, problgms of
graphical composition, and spatial @ata
management are applications upon wh%ch
we can depend. These are itemized in
chapter 8.0.

We introduce this chapter on techniques
and methods with a section on personal
computers. Customarily this would find
a place in "facilities" or "machine
configuration." We include it here
because of the conviction that "personal
computers" are a conceptual change in
two ways. First we can presume
extremely high bandwidths of interaction.
Second, we can look toward vast markets
of home computers, far in advance of
current games. In fact, the entry of
the hobbyist into the computer market
will have an enormous impact in the next
five years.

The next section on shared graphical
spaces is also a methodology. Consider
what happened to the Picturephone. It
epitomizes nonshared space; its failure
as a product can be traced to this in
part (though it may be more convenient

to blame bandwidth). In the Picture-
phone scenario, I see the other party

and the other party sees me or, if I

push the appropriate buttons, I can see
me (the intention was to allow for things
like hair-combing and posing, before
transmitting oneself to the other party).
Never can I see me and the other user, an
experiment that deserves serious
attention, an experiment that underlies
our entire proposal in graphical space.

This leads directly into the both/and
paradigm. It is included for the reader
to recognize an uncramped style of
research. Some of the both/and-ness
comes from interdisciplinary activities
in our laboratory. Some of it comes from
the composition of disparate backgrounds
enumerated in the Introduction, and some
comes right out of the literature on
creativity: industrial, scientific, an-?




goestler, Arthur, "The act of
_creation", New York: Macmillan
press: (1964)
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artist motivations. In all of these
areas of what Koestler calls The Aet of
Creation, we find agreement in suspending
judgment, which is much of what both/and
is about.

This chapter concludes with graphics
brought back into the programming
processes. Unlike the fable of the
shoemaker's son going barefoot, we
postulate that graphical conversation
finds application in the realization of
itself. One is reminded of the rarity
of manufacturers of automated drafting
systems using their own systems to do
their own drafting.




4.1 Personal Computers

The Architecture Machine, written 1n
1968, is about personal computers. our
prediction that time sharing would evolve
into a noncost-effective mode of compu-
ting has proved true. Current drops in
processor and memory costs have made the
personal computer a reality.

This section underscores the mini-
computer-based techniques and methods
that have and will continue to pervade
our style and content of research.
Whereas some authors argue that the
personal computer is like having your
own dedicated time-sharing system, we
argue that the personal computer is
critical to super high bandwidths between
user and machine. The diagrams on the
cover of this proposal purposely
indicate substantive bandwidths in
person-to-machine communication, but
with smaller links between machines.
Pervious subsections in section 3.1,
Filtering, justify this within graphical
conversation theory.

Shared data is critical and in many
cases the actual data is entered and
updated from geographically disparate
locations. Consequently, we are not
implying that networks or central data
machines are not justified. Similarly,
we are not implying that time sharing is
unjustified. However, the "clients" of
time-sharing systems in the near future
may turn out to be machines, not people.

People will use local computing systems
with large memories by today's standards.
It is irrelevant to worry about their
naming: micro, mini, or maxi. What
will be important to our methods and
techniques is the following list of

fcur general requirements:

1. High-level languages. This is
not the place to argue LISP, as
in the Artificial Intelligeéce
Laboratory's LISP machine or
something like PL/I on our
current Interdatas. Suffice it

Negroponte, N., "The archipe,,

ture machine", Cambridge
L

MIT Press,

(1970)

Hass,g
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to say that the notion of a
personal computer is an empty
exercise if one must deal with
assembly languages and impotent
operating systems similar to
those that prevailed from 1970
to 1975.

2. Large address space. The
sixteen-bit address space is
unduly limiting. The dropping
cost of memory will make practi-
cal the use of systems employ-
ing interactive programs of
large size. A large address
space is an important force
controlling the methods and
techniques used to explore
high-bandwidth communication.

3. High-memory bandwidth. A lot of
memory is not sufficient; it
must be fast and probably
multiported. In raster scan
graphics, we find the thresholds
of memory speed interfering
with seemingly simple transfor-
mations.

4. High-speed firmware. This last
requirement for the personal
computer results from our
experience with writeable
control store in a computer
graphics environment. Ceirtain
operations require algorithms
complex enough and reused
enough to warrant microcode
implementation, but not
ubiquitous enough to warrant
being imbedded in the machine's
repertoire. This is discussed
in section 5.4, Hardware
Landmarks.

A final note on the personal computer
strategy regards our future in terms of
specific hardware (namely Interdata's
next wave of 32-bit machines) and our
position with regard to MIT's Laboratory
for Computer Science (LCS, which is
discussed in greater detail in subsection
7.3.1). LCS is embarking on a personal




computer project hand-in-hand with
industry. Our plans are to pe part of
this development with respect to
conversational paradigms. study of our
current machine configuration (subsection
7.3.2) reveals a file processor capabie
of talking to a variety of personal
computers, not just Interdatas.

gt e




4.2 shared Graphical Spaces

A central component of any conversation
is a space shared by both parties. The
notion of shared space is derived
primarily from experience with the

built environment. The size, shape,
level of activity, and background noise
all enter into perception and thus affect
one's conversations in the space. The
projects and themes of chapter 5.0 are
conceived as the elements needed to
construct a graphical space that can be
shared, forming a framework in which '!!'
graphical conversations can be studied. 11
The two concepts are perforce inter- \

twined. Our study of graphical conver- ‘
sations, and the growth of the attendant _
body of theory, will be an important =

aspect of the knowledge of shared
graphical spaces.

An important property of a shared space
is that the actions of each individual
are felt by both parties. Shared spaces
can be created electronically as well as
physically, the telephone being a common
example. As a shared space, the tele-
phone provides more than just a high-
speed word transmission medium. The
nonverbal utterances, background noises,
and even the sound of a handset being

set down on a table all contribute to the
sense of presence essential in perceiving
an interaction as a conversation.
Similarly, a shared graphical space must
be more than just a surrogate paper. It
must convey a sense that another sentient
being is involved in the process.
Possible means of achieving that goal
range from clues on the whereabouts of
the other party's pen when not actively
drawing to the holographic projection of
the other party, bringing a replica of
that person into the same room.

The proposed research is applicable to a
broad spectrum of hardware. While most
of the tasks are applicable to a small
CRT and tablet, we envision the creation
of a shared space that is also a space in
the physical and cognitive sense, such
that the perception of the space includes
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4.3 Both/And Versus Either/Or

We have all been told that we cannot have
our cake and eat it too. This maxim,
however, has only contextual truth. It
accounts for visions being cut short and
either/or decisions being made too soon.
In a research environment, it is
necessary to explore many alternatives
rather than make an a priori decision.
Such exploration can often lead to a
solution superior to any of the original
options. This section alludes to a
process of natural selection as well as
a process of choice through personal
preference. Both force the researcher
to march forward with a both/and
attitude.

A plethora of studies exist that evaluate
the light pen over the data tablet as an
effective form of graphical input.

These studies have measured hand strain,
hand-eye dislocations, learning curves,
and the like. The results of the studies
have two general failings: (1) They are
based on statistical and normative
measures that occlude important idio-
syncrasies and stylistic differences.

(2) They presuppose that an either/or
decision is necessary in the first place.

The both/and policy is truly an attitude.
It should not be read as a recommendation
that industry should flood the market
with unmanageable multiplicities (yet) .
Frequently, propriety is gained through
natural emergence of "bestness." Let us
illustrate by the example of a light pen
on a calligraphic display.

Light pens are in general hideous
devices. They are usually fat. They
cannot see "blackness." 1In cases where
a tracking cross is used, the tracking
cross tends to be a slippery, computing
sink. Nonetheless, light pens are
reasonable pointing devices (the French
almost called them doight, "finger")
since they do return the proper and
telling line no matter where you point
on the line. (Even here there is some
argument about end conditions if the
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4.4 Graphics as a Programming Space

Most programs are written by programmers,
people who sit down with a computer and
edit, compile, and debug programs that
are then used to draw inferences,
tetrahedrons, or perform the application
at hand. These operations are not truly
graphical because the basic operations
are linear rather than spatial. Modest
attempts have been made to use the
higher bandwidth and interactivity of
the spatial domain, such as the
introduction of "real time" editors and
other such systems programs, but these
attempts represent exceptions to the
rule.

If the person writing the program does
not think of interaction with the
computer as spatial, an extra barrier
against thinking graphically about the
application program's problem space is
created. This lack of familiarity leads
to rather dull busy-box graphics that
often hinders the user of the program.
Having the basic computer system present
a spatial facade would provide an
environment in which good interactive
software could be written.

Programming is a highly linear and
precise action. A program may not
function if a single number, which can
have thousands of possible values, is
off by even one. This information can
best be transmitted by means of text
positioned on the screen because the
information, pivotal to the programmer,
is relatively limited in quantity, but
it must be represented symbolically
since the required resolution is finer
than can be perceived spatially.

Understanding a program as a whole can

be incredibly difficult to do without some
way of "zooming out" on the program and
looking for global patterns of reference
and execution rather than individual
statements. Introducing the system to a
novice can be aided immeasurably by such
tools. A more experienced programmer
could use the tools to fine-tune the




and to detect
1 behavior

execution of the program
major changes in its usua 4
patterns. For example, frequently use

sections of code could be represented
more intensely than relatively unused
sections as an aid in detecting bottle-
necks. Differentiating recently _
executed code from code executed earlier
by varying screen intensity can be used
to study program flow and program
locality, which is often difficult to
get a handle on.

As a design philosophy, graphics support
must be high on the list of basic oper-
ating system functions. It must not

be treated as an arcane additional
feature lest it fall into disuse. 1In
such a "graphical operating system" the
applications programmer manipulates
objects in the application's domain,
leaving the transformation to displayed
images to the screen.

By its visual nature graphics can be
used to increase the degree of inter-
action between man and machine in many
ways and at many resolutions. To take
full advantage of these features offered
by hardware, software must make it as
simple to "talk about" graphics as to
manipulate the data itself. This is a
large part of making graphics the
programmer's way of life.
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5.0 TASKS

This chapter is divided into a review of
current tasks, an examination of seventeen
projects and themes, a discussion of seven
hardware landmarks, and plans for dissem-
ination of results. We ask that this not
be read as an a la carte research menu,
but as a complete package. At the same
time, we are not proposing a single (1982)
system.

The tasks we have elected to propose as
specific efforts result from three ob-
servable situations:

1. Interactive systems still do not
provide much of the immediacy
and facility of pencil and paper
methods.

2. Current and ongoing projects in
our laboratory have had specific
spin-offs and show promise that
points to a new future (section
Seili)ie

3. Seemingly obvious techniques for
dialogue have not been studied
because start-up costs are too
high to warrant or risk the
research.

Consequently, many of the tasks have tacit
assumptions about what we feel we can do.
Additionally, there is the implicit assump-
tion that our work will continue to get
formal and informal industrial support
(section 8.2). This not only lowers the
costs (through hardware donations, for
example), but disseminates and incorporates
ideas and inventions in time frames far
shorter than those of journal or book
publication.

In many regards, the value of a task can
be measured in terms of its extensibility.
We offer the rule of thumb for thesis
size. That portion of an idea seeded by
NSF should be considered on the scale
between an M.S. and Ph.D. thesis. (This
would mean between 15 and 20 theses during
the five year period proposed.)




Finally, we want to remind the reader
that concurrent, mission-oriented re-
search is feeding basic studies with
applications, informal evaluation,
and intellectual resources.
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Sl Review

This section is situated within "Tasks"
in order to synopsize how current work
projects into the future, as discussed
in the Appendices. We will try to
identify those areas of research that
fell short of our expectations at the
beginning of our current three-year

NSF grant. In most cases these hinged
around implementing personalization,
particularly personalized design systems.
Achievement beyond our expectations (of
March 1973) has been in the general area
of interaction and the specific area of
video-based graphics. It is no wonder
that these pervade section 5.3 and that
we are exhibiting caution and theoretical
retrenching (with the important and
specific help of Dr. Gordon Pask) in

the application of artificial intelli-
gence techniques to knowlege of the user.

Some of the projects in progress will
continue into the first year of this
proposal as extensions and links to
what we are calling a graphical conver-
sation.

The following is the abstract that
accompanied our 1973 proposal:

This 18 a three-year proposal to
design, build, and test a class of machines,
both hard and soft, that can deal with the
properties of incompleteness, contradic-
tion, and vagueness, properties which are
characteristic of any design behavior.

Our goals are:

to augment design abilities,
to recognize design intentions, and
to generate design solutions
in a fashion that affords people the op-
portunity to be as inventive and creative
as possible.
Our assumption ig that so-called computer-

atded design does not exist. People do
not design with machines. Rather, designs




are done off-line, on the backe of envel-
opes. They are done in eoncert with other

people, discussing, frequently arguing.

The design process i8 inherently partitioned
from the machine by the limited channele of
commmication between human and machine,
and by the technical barriers to having
computers recognize and infer human inten-
tions. Our proposal consists of four
families of objectives to expand these
channels, to overcome these barriers and
then to apply these techniques. Broadly
titled, the four families of objectives
are:

1 graphical input techniques
2 complex descriptions and displays

3 personalized design systems

£ architecture by yourself

A rigorous program of validation and dis-
semination of results also plays an integ-
ral part of this proposal.




DISK

HAND DRAMN SKETCH

P4

vas
ALLCOT T

o

wsifisiis

Ty

RAW DATA

STRAIGHTENED DATA

MAGHETIC TAPE

OO

LATCHED DATA

133

5.1.% Graphical Input Techniques

We submit that one of the most serious
impediments to interactive graphics is
the awkwardness of input. We also sub-
mit that we have come a long way toward
recognizing sketches. This is exten-
sively reported in Appendices IV, V and
VIII. What is not reported and remains
unexpanded is the theme: beyond the
stylus. From one point of view this

is what we will call "the intelligent
pen," giving it logical ink and a know-
ledgeable eye. From another standpoint,
this means the expansion into gestures,
tactile input, and inputting with one's
eyes.

Sketching holds a low profile in this
document because we believe that it is
done as a data compression task and it
has shown immediate relevance and
applicability to such things as Scribble-
phone (5.4.1) where two users need to
share the same graphical space over low
bandwidths. We look forward to demon-
strating this on two Scribblephones by
June 1977 (depending on Bell Northern).

The key to the projection of graphical
input into the future has two sides:
knowledge-based input and interactive
input. Knowledge-based input is currently
embodied in "super-project" (accent on
the last syllable), a project (accent
on the first) to include manufacturing
knowledge in the input vernacular. For
example, in parts programming, if you
know a piece will be milled versus cast,
you have allowable geometries within a
well-formed set of degrees of freedom
(up to, let's say, a five axis NC mil-
ling machine). More importantly, in
input, one should be able to request

a bevel or chamfer instead of truncated
or adding volumes.

Interaction playing a serious role (it
is not that we do not have confidence
that we can recognize the drawing and
hence need the user to be explicit).
Fingers are an important expansion in

in the theme of "interaction," initiated




by our current NSF work and picked up
by ARPA (summer 1976) as a real medium
for command and control.

To date, however, we have failed tq
achieve multiple finger input. While
this problem is part of Gestures (5.3.4)
we mention it here as a specific example
of extending our current level of gffort,
with a first-year conceptual jump into
"rear-view" techniques (so-called peek-
a-boo tube CRT with transparent phosphor) .
The scheme is simply to look head-on
(head-in) at fingers, rather than try

to determine activity on a plane while
observing that plane as an edge. This

is a specific example of ongoing input
work that will find extension into
graphical conversations though not enum-=
earted as a composite theme in section
5.3. Note that a "rear-view" approach
will afford recognizing area input (like

a palm holding down something), which
conceptually projects our current line-

and-point input jargon into a much richer
realm.
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5 152 Complex Descriptions and Dis-
plays

This work is about the qualitative dif-
ferences associated with complexity, in
contrast to the quantitative differences.
There are many design systems (Applicon,
Computervision, Gerber, and so on)
currently suffering from quantitative
leaps (from the 1.4 megabyte world up

to 300 megabytes that have not been
accompanied by any qualitative or con-
ceptual change. In most instances fas-
ter CPV's, floating point hardware, and
high bandwidth mass storage have served
as the only vehicles for change. One

of the reasons for having a Computervision
system in our laboratory, as we do, is

to bench mark against an industry stan-
dard for complexity.

The most notable compromise in our cur-
rent work is the lack of data-base
design in what we called in our March
1973 proposal "qualitative scaling" and
"nonlinear representations." Also we
have elected not to compete with the
important work at Carnegie-Mellon and
Sanford Universities.

Our work has found momentum beyond our
wildest expectations of 1973 in the
area of complex displays. This is not
in the sense of Hank Christiansen's
excellent extensions to older Utah
efforts. Instead, it is in the sense
of real-time, video-based, interactive
graphics.

The beginnings are illustrated by

a program called "PAINT." 1In this
program the user is given the oppor-
tunity to use his cursor as a:

1 Boundary maker

2 Flooding device

3 Pattern Generator
4 Function generator

pach of these actions is associated with
modes or menus extending the range of
"painting" enormously. Detailed descrip-
tions and documentation is in progress,




and beyond the scope of this subsection.
You will note that four of the seventeen
projects listed in the schedule are first
cousins with the innovations in PAIN?.
These include some features not yet 1im-
plemented, but forthcoming (before the
termination of our current NSF grant) .

For example: (1) intermixing fonts;

(2) cut-and-paste photographs; and (3)
levels of transparency, are being designed
at this time. Subsections 654352, 'Shape=
Oriented Graphics; 5.3.7, Color Adjuncts;
5.3.8, Sound-sync Computer Animation;

and 5.3.16, Painting Photographs, are
examples of direct extrapolations.
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e e Color Studies

Problems currently being studied by the
color researchers at the Architecture
Machine Group could be extended to
graphical conversation. Color-coding
systems are being developed that exploit
the three-dimensional properties of
colors and the ways in which these colors
are interpreted by the brain as hue,
saturation, and brightness loci according
to three parameters, such as population,
income bracket, and zoning. Thus the
power of color as a unique sensation
(pink to represent the conjunction of
dense population, low income, and factory
zoning) may also be separately inter-
pretable as red to mean dense population, —
desaturated to code low income, and high
intensity to signify factory zoning.

We would like to incorporate these first
efforts into the graphical conversation
motif discussed throughout this proposal
which naturally divides into three
classes of paradigms:

1. Two people are communicating
via a graphical system over a
distance large enough so that
the only information that passes
between them is through the
system. At times their commun-
ication is facilitated by prox-
imity of their referent (see
subsection 2.2.3), but in any
case it will be enhanced by
color coding for emphasis and
for feeling. That his coding
is natural is indicated by
common linguistic associations
of emotions with color (e.g.,
"seeing red," "black mood,"
"brown study," "blue"). The
"distance" in this paradigm may
be metaphorical: Graphical
conversation serves the same
purpose when the conversers
do not share a language, when
one is deaf or agnosic, or
when one has a speech impedi-
ment or is aphasic.




a

2. Two people are controlling
referent in real time, and the
only way they know the status
of their referent is via their
separate graphical displays.

An example is two air traffic
controlers with separate radar
screens, each controlling an
air plane. In this case,
urgency or an intensive phys-
ical attribute of the referent
may readily be communicated in
color. Also, the controllers
can communicate with each other
via the coded color of the
referents they control.

3. One person has control over
many interacting referents,
which are represented on a
graphical display. Once again,
urgency or an intensive physical
property >f the referent can
be codea in color.

Color coding may help in these situations
by adding to one's speed of judgement,

by enhancing the meaning of an involved
message, by reducing the fatigue in-
curred in interpreting a message, Or
simply by rendering a communication more
"human." The specific projects we plan
in this area are discussed in subsec-
tion5. 347,

Another current project attempts to
relate the properties of color vision
studied psychophysically and neuroana-
tomically to the concepts of aesthetics
and preference as expressed by artists
and lay people. Studies in the areas
of human engineering and gestalt psy-
chology have come up with a number of
specific results that have not been
tied in at all with the lower level
highly quantitative studies of the :
other two fields.
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S Applications

The application-independent nature of
this proposal is a response to the
disappearance of the NSF office for
"Applications in Research" within
computer science. As stated in the
introductory paragraphs of Chapter
4.0, Techniques and Methods, we must
remain tied to applications enough to
sort out the "realities" of a com-
puter-mediated conversation.

Currently, our applications concentrate
on architectural design. Most of our
work has been in architecture-by-your-
self, reported in Appendix X and dis-
cussed in Appendix VII in connection
with amplifying creativity. Other work
has been in multi-layered space
allocation (particularly in the thesis
of Masanori Nagashima) and grammars
(Alfonso Govello and Mike Gerszo,
working on M. Arch., M.S., and Ph.D.
theses, respectively).

These specific applicationswill find
support outside the scope of this
proposal. However, they will affect
our work and have affected our methods
by engaging in applications that demand
the highest standards of comfort,
smoothness, and resilience at the
interface.

Special attention should be given to
the work of Masanori Nagashima (MAS).
although limited in scope and size to
that of a thesis, it has great exten-
sibility and potentiality. In some
regards, it is the closest we know to
intrapersonal communication in CAD.
This is due to two distinguishing
features: (1) multiple and simultaneous
representations, and (2) continual ma-
chine manipulation.

The user of MAS enjoys the advantage
of two displays, either of which can

present plans and sections, perspectives,

or diagrams. Additionally, the user is
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aided by a well-formed key, particularized

to the representation.



More germane to interaction is the con-
stant massaging of data by the machine.
Adjacent illustrations cannot share

the constant sense of elasticity and
dynamism portrayed in the surfacing

of background tasks such as energy
estimation, constraint resolution, OY
simple rapportage. Suffice it to say
that the user's sense of engagement is
enhanced by something quite different
from the usual back-and-forth command-
driven enterprise.
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5. 155 Hardware

Moderate effort has been invested in
the design of new hardware. More often
than not, the acutal development has
been externally funded. Aside from

the usual interfacing of new devices

or small hardware modifications, we
have embarked on three serious efforts,
listed here because of their impact

on our current methods and our proposed
work:

1. Raster scan display
2. Multi-processor network
3. Color hardcopy

Our so-called 85 is one of the first
frame buffers built, first published by
J. Entwhistle. Appendix VI describes

the lessons we have learned from its
dintinguishing and not-so-distinguishing
features. It was built around the Inter-
data model 85 that has writeable con-
trol store, but alas, is a l6-bit machine
(section 4.1, Personal Computers). It
has allowed for many of the developments
in .color theory and digital video dis-
cussed previously. A Ramtek 9300 has
been recently acquired to relive some

of the traffic currently on the 85.

Our and Ramtek's future is in 1000-1line
color (subsectin 5.4.3).

"Mulitple Mini's" was the theme of

the 1973 NCC meeting at which we first
presented our shared bus implementation
of more than one processor having access
to each peripheral. This sharing is
either on the per-sitting basis (as in

a terminal), the minute-to-minute basis
(as in a high-speed printer), or the
millisecond-to-millisecond basis (as in
a disk).

A new scheme is in progress to revamp
the shared bus and, more importantly,
relieve it of the high-speed record-
oriented devices. The new system will
run with a file processor powerful
enough to unburden the user's processor
and operating system of all file mangge-
ment tasks.




Finally mention is made of color ha;d
copy. This is primarily in connection
with the 85, funded in part by Xerox.
The hardware attack on the problem was
motivated by the conspicuous absence of
modestly priced color graphics, namely,
the uses of softcopy, were continually
impaired by the inability to cost effec-
tively extract hardcopy representations
from the computer. The thesis of Law-
rence Stewart addressed this issue with
enough insight and perseverance to invent
a method for frame-buffer scrolling.
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5.3 Projects and Themes

The following seventeen subsectlons out-
line new work. Our discomfort with the
idea of distinguishing a project from a
theme is manifest by their being freely
intermixed. As a consequence, Some of
the following subsections have well-
formed starts and stops, hardware and
software schedules, and a closely coupled
computer architecture. Others, mean-
while, are device-independent objectives
that find specific instrumentation and
experimentation in a dozen different set-
tings, across more than one task.

Brainstorming sessions at the onset of
writing this document lead to a longer
list, which has been shortened and lim-
ited to those we feel we have a unique
ability to pursue. Pursuits in 3-D real
time animation, data structure design,
picture encoding and transmission, simu-
lated realism (a la Utah), and direct 3-D
output are noticeably and purposely left
out.
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oAyl Conversation Place

A conversation place is a room in which
every wall is a display, every surface is
a tablet, and voice and sound permeate 3-
space. It introduces the itemization of
our tasks because it is the only project
which traverses all five years and which
already has an initiation by IBM's inter-
est in a media room (subsection 8.2.1)
and ARPA's contract (subsection 8.1.1) to
study the feasability of a spatial data
management system.

Subsection 5.4.5 (Flat Displays) dwells
on forthcoming technologies. In this
task we are willing to live with one wall
(7 foot by 10 foot), rear projected, for
the first three years. The idea is to
combine sound in 3-space with large scale
graphics, distinguished from current sys-
tems by the new role of peripheral vision
in the human system. Present-day TV pro-
jection (even 1000 line) is not suffi-
cient to achieve striking, close-up, de-
tail, but is sufficient to explore large-
screen graphics and parallax-free graph-
ical input as a media for graphical con-
versation.

Appendix III has a section on screen size
versus theme size. It's author, Richard
Bolt, parallels the viewing of Gone with
the Wind on a 19" monitor (which many
Americans did on November 7th and 8th) to
many of the present-day computer graphic
displays. A visit to Washington's new
NASA Museum (a recommendation made to us
by Dr. Craig Fields of ARPA's Cybernetic
Technology Office) revealed the five-
story high, 70 mm presentation on flying,
an extreme of screen size that is so cap-
tivating that it may be one of the few
examples where the surrogate is better
than the real thing.

Although foolhardy to presume that kind
of size and resolution in the short term,
this subsection postulates that it is
time to prepare for it. There is a pau-
city of theoretical work on the topic of
large-scale interactive graphics. As the
title of this subsection suggests, such a
scale causes the sense of screen to




ven forgetting

become of place (e
2 oTocts 2 f walls that

our introductory premise O
literally surround).

Leading questions for this task are:

1. In proximity to a large screen,
how does the structure of Fhe
display attract the attention
of the user's foveal vision when

necessary?

2. What are the programming and in-
teraction consequences of know-
ing exactly where the user is
looking?

3. How does a large display inter-
act with more than one user?
Not knowing where they are
looking?
Knowing?

4. How does graphical interaction
become affected by sound?

In three space, shared by
more than one user?
In 2 1/2 space, with ear
phones, with each user
hearing sound relevant to
him, his task, and physical
position?

5. Stepping back (literally), how
does baton-like stylus achieve
the input counterpart to zooming
in order to easily address large
versus detailed graphics?

6. Presuming no additional factors
of strain on behalf of flicker,
scintillations, rear projection,
is there a strain factor intro-
duced by size and the prerequi-
site for additional body move-
ment to pursue the place?

7. How does size, and consequent
body engagement, effect the
user's memory of the image?
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532 Shape-Oriented Computer Graphics

This subsection concerns textures and,
when they exist, the boundaries that de-
limit them. The Abstract of this propos-
al refers to a recalcitrance due in part
to the line-based origins of computer
graphics. The strokes of an electron
beam go back to the specification of
ENIAC. Additionally, much of the world
of static graphics is a world of vectors:
the plotter, the storage tube, the compu-
ter output microfilm machine.

A straight line is defined by two points;
it can have width, color, and the rhythm
of dots, dot-dashes, dot-dash-dots, and
the like. But lines do not exist except
as the intersection of planes or as lim-
iting contours. Nonetheless, we see 2-D
and 3-D computer graphics systems, almost
all of which use the line as the primi-
tive element. It defines planes which,
in turn, define solids.

Here we submit that the primitive element
is the dot, not the line. Designing a
graphics language that allows for the
control of dots, by defining, transform-
ing, and associating collections of them
is our current concern. We will call
these collections "blobs." The term is
used in lieu of "shape" only to impart
the concept of soft edges that can inter-
mix spatially the same way colors mix
chromatically.

A blob is composed of boundaries (not
necessarily visible) and containments.

It can transform itself visually without
any descriptive change, analogous to
printing the same photograph on ranges

of high- to low-contrast paper. Also, it
can move, migrate and meander.

1. Boundaries are physical, logical,
ephemeral, or implicit. An example of
physical can be as simple as a circle or
as complicated as an ink blot. A logical
boundary is equally "crisp" or hard-
edged, but manifests itself as a bounding
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or delimiting force, rather than as a
graphical element. An ephemeral boundary
is a zone of mixing akin to the orange of
a sunset steeling the blue of the.sky.

An implicit boundary is a visual infer-
ence, with or without graphical justifi-
cation.

2. Containments have: color, scenic
content (i.e.: a photograph), or tex-
ture. Color can be continuous Or undu-
lating combinations of hue, saturation,
and intensity. Scenes can be still-
photographs or, with some enterprise,
live video. Textures, the a-referential
superset of the above, can range from
the patterns of LOGO-1like programs to
the soft pencil work of life-drawing
renditions.

3. Transformations of these blobs can
include pixilations, contrastings, map-
pings, interpolations, or random varia-
tions. Pixilation is approximated by
what we currently call colorizing: the
assignment of RGB, for example, to a gray
tone of n-bits. Contrasting is illus-
trated by viewing various high-order bits
of an image, similar to the adjacent Man-
drill. Mappings can be discrete, per
pixel, or paths from A through B, where
A can be a value of chrominance or lumi-
nance, and B can be algorithm for change.
similarly, interpolations are mappings
where B is the target value. And fi-
nally, random transformations are men-
tioned because our current work has re-
vealed evidence of pattern recognition
facilities gained by overlaying random
transformations on the iconic fabric

of a photograph, be it a face or Landsat
image.

4. Motion is not mentioned above as a
transformation. Boundary undulations,
scale changes, and "tremors" are illus-
trative of motion without transformation
This is illustrated in the reverse Sense'
in cell anima?ion( where, for example, a
decrease in size is used to give the il-
lusion of receding. To Migrate, how-
ever, implies movement about a 2-D

LANDSAT Data Users Handbook,
NASA document 76SDS4258, Goddard
Space Flight Center, Greenbelt,
Maryland, September, (1976)

Smith, David C., "PYGMALION: 2
creative programming environ-
ment", Stanford Computer Science
Dept., ARPA order no. 2494
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Oor within a 3-D world. On the other (A
hand, the meandering is presented to e
conjure images of figures in murky water, T
coming into and out of the fog, or cam- i
ouflaged by foliage. . ]

l
These four characterizations differ enorm- %’I
ously from the proverbial AX and AY
worlds of calligraphic displays. This
difference is not just a "fuzzification"
of line drawings that happen to depict
closed figures that happen to have color
or some other infill. These are concep-
tually different postures toward graph-
ics. They are reminiscent of the silver i
image, they would afford comfort to the ‘
video-artist, and they are what we see
in nature.

The scope of this task is to understand
the differences, to implement a language

andbog, that allows for the control of shape-

258, Gujie oriented graphics, and to use it in ap-
Greeths plications where it can be exercised to
(197 amplify conversational fluency.

QUALIES: : Difficulty arises because people usually

draw with one hand, using a pen or pen-
cil, emitting a line. Similarly, a point
that moves over time describes a line.

We talk of a line of sight, a family lin-
eage, linear functions, and the thin line
between imagination and madness. Lines
are not rooted just in the sweep of elec-
tron beams.
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i a3 The Intelligent Pen

Work in sketch recognition and @nterac-
tive systems has shown us that input
media are sorely lacking in expressive-
ness. We have made the case that an 1n-
teractive system requires multiple modes
of communication, and that the ease with
which one can communicate can play a
critical role (section 1.4.4, Encourage-
ment to Interact). Available graphic
input devices fail in these respects:
although all report X-Y coordinates with
varying accuracy and ease, none do more.
How a set of points is generated 1is often
as important as what they are. (Was the
user drawing with a puck or a light pen
and how hard was he pressing?) The an-
swers to these questions can provide
valuable data to the interactive process.

We propose an intelligent pen that would
encompass the notions of gesture (subsec-
tion 5.3.4) and feedback (subsection
5.3.9) and will expand the notion of sty-
1us to something akin to an artist's
brush. The pen is labeled "intelligent"
to indicate that it would provide the
necessary data for intelligent systems to
operate; it does not indicate that the
pen itself would have intelligence (would
that it could). There are several areas
in which we propose to make the pen more
responsive to the user. They are de-
scribed in the order in which they would
pe implemented.

The first stage in the development might
best be described as simple enhancements.
These modifications do not alter the ba-
sic characteristics of the pen, but add
dimensions that enable it to report more
information than position. We have al-
ready built pens that sense the pressure
and have an active eraser. These are
valuable first steps. The ability to re-
port orientation and rotation is the next
step. In the context of sketch recogni-
tion systems this would aid the machine
in its inference-making ability, and in
the context of creative systems would
allow the user to push, pull, and swing




Sutherland, Ivan E.,

Robert F. Sproull, and
Robert A. Schumacker, "A
characterization of ten
hidden-surface algorithms"
Evans and Sutherland
Computer Corporation, Salt
Lake City Utah, (1974)
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Objects around the display without speci-
fying any additional parameters. The pen
would still have the feel of a ball-point

Or a pencil, but would have greater ver-
satility.

Next we would change the tip so that it
no longer simulates the medium of pencil
and paper. The purpose is to include
direct pen feedback. Note that the pres-
sure pen is capable of providing feedback
to the user in that the image generated
can vary with the pressure applied. That
feedback is indirect; it comes from the
display, rather than from the pen itself.
A pen with a soft tip can add to that
feedback directly. The pen would be re-
silient, with the end made of rubber,
perhaps, and would bend under pressure.
It would be similar to a brush.

There are situations where neither the
puck nor the hard-edge pen may prove to
be the ideal input device. We are merely
stating that no single pen can meet all
the specifications of the ideal graphic
input device. Thus the next stage would
be to make all of these diverse styli
available at the same tablet, and se-
lectable in rapid order. This is not so
much a hardware addition as a configura-
tion change: Few tablets are amenable to
having several pens available and active
at once.

After making all of these pens available
and attached to the tablet system, we
would modify the tablet to allow all of
them to be used at the same time, each
reporting its position separately. This
would allow a user to communicate with
two hands or several users with n-hands
at once. It would also enable the user
to leave various pucks scattered around
the tablet as pointers and indicators.

To make this more useful, we would imple-
ment sensors in the pen that detect
whether that pen is being held or is
resting on the active surface. Graphic
entities would be able to be defined by
many parameters at once: A circle can

be described by pointing at its center




with one hand, and indicating the radius
with the other; lines would be able to be
moved by manipulating both ends at once.

Feedback would also be incorporated into
the various pens. Direct force feedback
has already been discussed in reference
to the soft tip, but visual feedback
would also be added. The pen would be-
come an independent output device. Its
color, perhaps its temperature, would be
parameters. This would provide an output
path from the machine that is peripheral
to the display, and that can vary in re-
solution from simple colored lights in-
serted into the pen's transparent end to
having the world's smallest television
built into the pen.

The last stage of development provides
involuntary and supplementary inputs. We
would create sensors in the pens that re-
port where on the barrel the user is
holding it, as well as incorporating gal-
vanic skin response Sensors.

Pen/Pencil Stylus:

Harg-

edged, pencil like, useq 5
'

3 ThiS is thev
only input device that canll

a normal pen.

pe used for drawing as it
requires the same hand
movements that one woulg
normally associate with a
normal pen or pencil,

Movable Puck: Most accurate

graphical input device;
has parallax free cross-
hairs. They are unwieldly
drawing devices, and are
held in a completely diff-
erent manner from normal
pens.

Fixed Joysticks: Removed
from the drawing, these
devices are most useful
for pointing and indica-
ting. They are amenable
to modifications implemen-
ting force feedback.

Light Pens: Held similarly
to a pen, but often re-
quire two hands merely to
create the range of eX™
pression normally assoclia”
ted with a pencil. 7he
use of a light pen can
also create artifacts 3P
the display (the tracking
cross) .
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5384 Gestures

Most uses of the term "gesture" refer
only to embellishments or adjuncts of a
conversation. Gestures are visual in na-
ture and we will explore them as a subset
of graphical communication, but not under
this usual limiting sense of the word.
Gestures are essential to communication
and expression. We do not, however,
study gestures as cultural or semiotic
elements; rather we concentrate on the
following five types.

l. Gestures for specifications and ma-
nipulations: One example is a completely
uninstrumented graphical editor. Simple
extensions of our work with touch-sensi-
tive displays (Appendix IX) will include
taxonomies of commands: flicks of the
finger to indicate translation, two-fin-
ger motions for rotations, expanding mul-
tiple-fingers for zooms. Particular at-
tention will be paid to relating the ges-
tures to physical realities. For in-
stance, how does one move objects with
fingers, and what are the most natural
analogues in a touch sensitive display
implementation?

2. Personalized gesture recognition:
Hand gestures used 1n conversation are
extremely personal and idiosyncratic.

To force users into learning a standard
set, like Palmer method handwriting,
would miss the point. Gesture recogni-
tion on a user-to-user basis is a spe-
cific implementation of personalized sys-
tems (section 4.1). Evaluations such as
speed and ease of use will be weighed
against system overhead, complexity of
the software interface, and training re-
quirements.

3. Gestures as macros: Single sweeps of
the hand can imply a series of actions in
the same way that commands to a system
can have further actions associated with
them. User-definable sequences with con-

ditionals will be implemented in the ges-
ture-driven system.




4. Machine-mediated gestural conversa-
tions: Any communication involving sSyn-
tax and personal symbology requires spe-
cial handling in machine-mediated situa-
tions. For example, natural language,
when used in discourse over a network,
can be disambiguated somewhat by context.
A limit is often reached, however, at
which point the users need to learn more
about each other. When already involved
gesturally in one's own system, the user
has an advantage in such dialogues:
though wusing a natural and personal set
of commands (gestures), the machine can
decode and transmit the meaning to the
other user's machine where 1it 1s trans-
lated into that user's personal expres-
sions. Care must be taken so that mis-
understandings are not amplified by the
system.

5. 3-D gestures: Baton input devices
will be constructed to move gestures di-
rectly into a fully spatial, time-se-
quenced modality. The batons will con-
sist of three-axes accelerometers, dis-
tinguished by their small size and
weight. This specification will be
achieved through state-of-the-art com-
ponents, specifically pressure-sensitive
transistors. Only a low level of accu-
racy is needed in the twice electroni-
cally integrated acceleration data to
achieve position. The subtle accelera-
tion and velocity data contain most of
the distinguishing features of intent,

as seen in our work in sketch recognition
(Appendix VIII). This new hardware ex-
pands the complexity and inference-making
capabilities of our systems, exploding
into the physical space of three dimen-
sions --- the space in which we all con-
tinuously move. We will evaluate what we
expect will be a pleasure, to interact
with machines in our most natural and
flexible mode, while maintaining personal
style.

An exciting example of application for
3-D baton input is animation. One can
imagine the experience of standing before
a large wall-size projection TV, and




hurling (though without the step of actu-
ally letting go) a baton into the virtual
Space of the screen. The system decodes

force, rotation, and direction informa-

) tion. A predefined object appears, mov-
vV ing with complete Newtonian grace, as
/53147\2 specified by the motion of the baton.
188 The object lands seemingly hundreds of

Vi feet away, as, perhaps, a cloud of dust
Ve slowly rises.



S35 cursors
The cursor and its poor cousin, the
tracking cross, have long been at the
focus of the man-machine interface. Cur-
sors serve five essential purposes:

1. They coordinate input and output
position, as with a track-ball
or tablet.

2. They allow a light pen to draw
on a black screen.

3. They identify to the user areas,
objects, characters, and posi-
tions that the computer "knows
about."

4. They give feedback without
changing the picture, as before
the pen touches the tablet.

5. They provide a vernier effect,
enabling accurate positioning
of input.

Even though some of these features can be
obviated by better hardware, such as an
input device perfectly registered with
the display (see subsection 5.3.11, See-
ing Through Your Hand), the feedback
process of the cursor is worthy of ex-
ploration in its own right.

We generalize the notion of the cursor in
this context to include all graphical
feedback that does not result in an image
change. This categorization is not al-
ways clear-cut and may depend on how lit-
erally the cursor expresses its intended
purpose. Very often, the cursor is used
to indicate the result of a (permitted)
user action, e.g., where text will be in-
serted/deleted or where a subpicture will
pe displayed. Sometimes more information
will be conveyed, as in the drawing pro-
gram at Xerox-PARC in which two angle
prackets delimit the size of the area to
pe used as the "brush."

Shoup, R., untitled vide
shown at ACM/SIGGRAPH confe
Philadelphia, July. (1976)




Kriloff, H.,
siderations for interactive dis-
play systems", ACM/SIGGRAPH

Workshop on User-Oriented Design
of Interactive Graphics Systems,

"Human factors con-

Pittsburgh, October, (1976)
Vartabedian, A., "Human factors
evaluation of several cursor
forms for use on alphanumeric
CRT displays", IEEE Transactions

Ol Man-Machine Systems, MMS-11,
(1970)
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If such a brush were displayed as it
layed down the "paint," it could be con-
sidered part of the image and still re-
main a cursor.

Even less distinct is a subfigure being
dragged by an input device. The subfig-
ure is a cursor as long as it is moved,
but it becomes part of the picture when-
ever (for instance) the user presses the
pen to the tablet to insert the subfigure
into the picture. The subfigure need not
ever be inserted into the picture, but
could be used solely as an aid to visual-
ization and evaluation, as is done in the
YONA system (Appendix X, Architecture-by-
Yourself) when a scale person is made to
"walk" through a plan.

Cursors can have many attributes:

Color

Shape

Movement

Alternation (e.g., blinking)
Picture

and in an expanded concept of graph-
ics:

Sound
Feel

As an element of the computer-created
graphical medium, cursors can render the
medium transparent. There is sufficient
precedent in human factors research on
the optimal nature of cursors such that
this knowledge should find wider applica-
tion. Our concern is to make use of the
wider channels of feedback to which cur-
sors lend themselves. The following
projects are offered as the beginnings of
our effort to exploit those channels:

Soft Cursors: The distance of the pen
above the tablet can be expressed through
variations in cursor shape and size. The

form at each height can be chosen so that
it is most useful at that particular lev-
el, perhaps providing a large amorphous
blob when the pen is too far from the




tablet for accurate read out. AS the pen
is brought closer to the active surface,
the shape becomes more definite, narrow=
ing to a point when the pen is touching.

External Effects: The cursor need not be
constrained to follow the position of the
input device in a linear fashion. Su-
therland's SKETCHPAD aided the gsgr in
latching lines together by providing
pone-shaped gravity fields around them.
If the cursor was allowed to get within
the field, it attached itself to the
line.

Another effect, used in drawing arcs,
changed the coupling pbetween the cursor
and the created figure by using the pen
position to specify the length of the arc
separately from the radius. A similar
effect is used in drawing lines of a spe-
cific angle, in which case the cursor po-
sition determines the length of the line.

Knowlton proposes an effect by which the
resolution of the input medium may be al-
tered to provide fine input positioning
with a coarse input device, in this case
a 12-button touch-tone telephone. We
propose a similar technique for use with
a tablet in which the coupling between
the two is nonlinear, as a function of
speed or intent. These three examples
are evocative of ways in which the feed-
back mechanism of cursors may be ex-
plored.

Labels: Cursors can serve to identify
objects and positions, as on a map having
numbered dots keyed to a list of land-
marks or buildings. The identification
symbol need not be limited to the dot or
the cross hair, but can make use of a
range of effects that make a particular
item on the display stand out, as de-
scribed in subsection 3.1.3, Focusing.
In a dynamic system, a label may be set
up to move in synchrony with some aspect
of the model, such that it represents a
process rather than just a position. If
several such cursors are connected to
different systems, they can serve as a

=
WM
L.
3

Sutherland, Ivan, "SKETCHPAD: a
man-machine graphical communica-
tion system", Ph.D. thesis, MIT,
(1963)

Knowlton, K., "Computer displa}s
optically superimposed on input
devices", to appear in the Bell
System Technical Journal
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means of perceiving the relationships
between those systems.

Manipulating and Creating the Image: The
PAINT program (subsection 5.1.2, Complex
Descriptions and Displays) uses a "bound-
ary plane" as a tool in making a picture.
This scratch plane is used to generate
parts of the display that will not appear
in the finished product, such as grid
points and boundary lines. We intend to |
generalize and expand this concept to in- ‘
clude all communication with the machine
about the drawing.

Drawing with your Eyes: As mentioned in
subsection 5.3.10, eye tracking places
special requirements on the cursor, for
the user must be able to acquire all nec-
essary information without averting his
gaze, lest he inadvertently change the
picture. This requirement presents the
utmost challenge to cursor capabilities,
drawing on a multiplicity of modes, in-
cluding sound.

Computer-mediated Interpersonal Conversa-
tions: The cursor can be used to commu-
nicate nongraphic information relevant to
the transaction in progress. Given two
cursors, each visible to both parties,
but each one under the sole control of
its owner, the form of a particular cur-
sor could be a function of the distance
of the corresponding pen from its tablet
as described above. The cursors in this
case contribute to a sense of presence,
giving each party of the conversation
some information even when no one is
drawing. The clues need not be limited
to a simple symbol at the pen position,
but can be expanded to encompass light
and sound in the participants' environ-
ments.

Mediation of Control: A variation on the

above model 1s to provide just one cursor
for the two participants, furnishing a
means for arbitrating the locus of con-
trol. Several methods for mediating con-
trol can be investigated. Control can be




pen is

made available whenever the active
lifted from the tablet, or at constant
intervals of time, or it could pe "sto-
len" through sufficiently violent (or
gentle) motion of the pen.
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The dictionary defines "caricature" as

an exaggeration of a gross and often

ludicrous sort. Mime, music, and

fibnanto by VinalEron: the Sheatlye o Paluting sculpture use caricature; thus, it need il
: not be graphical, i.e., in the form of i

a cartoon, although that is the form by ‘

which most of us have come to know the

art. The word "caricature" itself

derives from the surname of two Italian

cartoonists of the late sixteenth and

early seventeenth centuries, the

Carracci cousins: Lodovico (1555-1619),

and Annibale (1560-1609). They were

apparently the originators and inventors LR

kris, E., "Psychoanalytic explo- of true portrait caricature, and their
rations in art", New York: In- work made a considerable impression upon
ternational Universities Press, contemporary connoisseurs and critics
Inc., (1952), Chapters 6,7 in Rome and Bologna.

Graphical caricature -- drawing, paint-

Gombich, E.H., "Art and illusion:
a study of the psychology of
pictorial representation", New
‘York: Pantheon Books, (1960),
Chapter X

ing, etching, cartoons -- has been the
vehicle of a wide variety of gifted
artists. The caricatures, of Daumier
and da Vinci, for example are classic,
and are primarily caricatures of types:
the "angry man," the "old man" of da
Vinci; the vain, the self-important, the
ingenuous sorts of Daumier. The work of
the English critic and caricaturist,

Max Beerbohm, was, in contrast, primar-
ily of individuals, of Disraeli, of
Oscar Wilde, of Kipling.

The skill of the caricaturist lies in

his ability to facilitate recognition

by a wide public of some personage, or

of some type. The artist must have the
facility to abstract the most important ‘
and information-bearing features from the
subject. When recognition is essential,
as, for example, in police renderings

of crime suspects, a drawing tending
toward caricature may be of more utility
than camera photographs of the suspect,
in that a caricature is a rendering
predicated upon recognizability, a
systematic selection and distortion to
ensure recognition.

The principles underlying the selection
of invariants, which lie at the heart of

Lorenso Bernini. (Cardinal Scipione Borghese)




the caricaturist's skill, may well be
applicable to the design of a system that
must occasionally present graphic
material to the user under conditions
where maximum recognizability is
necessary. Imagine that the user Wants
to review quickly a series of previously
drawn sketches in order to select one of
interest. Imagine further that the
routines enabling the presentation are
additionally able to select, compress,
exaggerate, and overemphasize various
features of the sketches, such that what
is re-presented are not the original
sketches but caricatures thereof.
Optimally, the selection and compression
that is effected is such that the
principles underlying the act of
caricature are invoked.

How may such principles be isolated?

One approach would be the on-line study
of subject artists drawing caricatures
first of simple objects, and then of
increasingly more complex scenes (CE.
Appendix VIII, "Graphical Input through
Machine Recognition of Sketches"). This
would be no easy task, but on-line study
of caricaturing styles might provide
some beginning insight into what is done
to the components of simple shapes and
figures to render them as earicatures.
Abstracted principles might then be
embodied in the machine as programs
shaped by the principles of caricature.
We already have sets of routines that
"characterize" simple lines and shapes
and go on to rectify and normalize them
if certain criteria are met (Cf. Appendix
VIII). In contrast, routines that
expand, amplify, and exaggerate, embody-
ing criteria apropos of caricature, might
pe developed. These caricatured lines
and shapes could then be re-presented

to the sketcher for graphic commentary
and correction, for the sketcher to
amend with stylus, if he so desired.

The cycle would be part of a procedure
to impart to the machine a set of proto-
cols for caricature.

A paradigm for further work in this
direction is provided by attempts to

Cherry, C., "On human Commung
tion: a review, a survey, ca.
a criticism", Cambridge, Ma:nd
MIT Press, (1966), pp. 292_2;;:
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Ly Buun: From “Le Methode pour apprendre
dessiner les passions.” 1696

Pittenger, J.B. and R.E. Shaw,
"Aging faces as viscal-elastic
events: implications for a
theory of nonrigid shape percep-
tion", Journal of Experimental
Psychology: Human Perception and
Performance, 1 (1976), Pp. 374-
382

Jacob, R.J.K., H.E. Egeth, and
W. Beran, "The face as a data
display", Human Factors, 18,
(1976) , pp. 189-200 =
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Chernoff, H., "The {Jse of faces
t? Iepresent points in k-dimen-
Sional space graphically",

Journa) of the American Statis-

tical Association, 68, (1973)
PP. 361-3¢3

understand the perception of events.
Gibson (1966) has argued that the per-
ception of any event involves two compon-
ents: (1) detection of invariant
information specifying the nature of the
change (transformational invariant), and
(2) the detection of invariant informa-
tion specifying the structure that
undergoes change (structural invariant).
Events such as: the ball rolls, the
flower grows, etc., illustrate this
principle. The perception of faces over
time has been so studied, aging faces
being regarded as viscal-elastic events.
Pittenger and Shaw (1975) have modeled
the development of the adult face from
that of the child by the application of

a method of spatial coordinate trans-
formations to characterize the remodeling
of faces by growth. In their model,
"...shear and strain transformations were
compared as alternate formulations of
growth produced changes in the shape of
human profiles." Shear reflects the
degree to which the main angle of the
profile is oblique with respect to the
perpendicular; strain is the force
imposed upon bony tissue by stresses
caused by the growth of soft integuments,
providing the primary shape of the head.

We would not liken growth-induced changes

in appearance to caricature necessarily,
although the proverbial late-childhood

"growth spurts" and the preteen "awkward I
age" might suggest this, especially to

those individuals going through these

stages. The commonality lies in that

certain aspects are changing according

to some principle, while others remain
constant.

The portrayal of variance and invariance
juxtaposed and intertwined is dramatical-
ly (and humorously) seen in variations
upon a cartoon face produced by Chernoff
(1973) . The features of this face
correspond to the k-components of a

data point. The variations in shape and
expression reflect different loci in a
k-dimensional multivariate statistical
information space. The face is
effectively a data display.




We feel that selective distortion and

exaggeration of a shape such as that
used in caricature but now useq for the
sake of recognition and selection, may
form an effective basis for orchest;atlng
some aspects of graphical conyersatlons.
Highlighting, prompting, hinting,
suggesting, even insinuating == these
are some of the modulations of discourse
that might be enabled. A three-pronged
attack on the development of these
themes might be formed by the inter-
section of:

1. Already ongoing and well-
developed technigeus for "on
the fly" sketch recognition

2. Studying subjects doing on-line
caricature sketching to
extract underlying principles
of caricaturizing transforms

3. Extending the leads furnished
and implied by the work of
investigators such as Jacob,
et al., toward the end of
caricaturizing (presenting with
modulated emphases) abstractions
now, such as collections of
data, rather than faces, but
employing recognizable
presentation forms such as
faces, maps, etc.

In this last connection, the reader is
reminded of map sketches of the United
States made by, for example, a Bostonian
who might draw an enormous Massachusetts
Bay and Cape Cod with the balance of the
country as some sort of Terra Incognita.
Similarly, a Texan's view might show a
gigantic Texas, with the balance of the
country being vestigial. Maps of the
world's reserves of o0il, now increasingly
more common in newspapers and magazines
with the current "oil crisis", are
another example of informative distortion
Each region is scaled proportionally to R
its reserves. Just as with caricature,
it might be bad geography, but it is a
good way to highlight information.

A New Yorker's Idea™
THE UNITED STATES
OF AMERICA

The New Yorkar s View of the Unied Suates
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5.3.7 Color Adjuncts

The variety of ways in which color could
be used in visual communications has
traditionally been quite limited. Used
on a local basis, color has served as
an'emphasizer (red versus black type-
writer ribbon) or as a delineator to
resolve spatial ambiguities (multiple
line graphs drawn with colored chalk).
In addition, color has been used to a
limited extent as a secondary information-
encoding element in, for example, multi-
colored forms and primitive-land-type
mapping codes. In many recent attempts
to use color in a complex display,

tests have shown that beyond a simple
spatial configuration color can add
confusion.

We feel that can be attributed to the
lack of sophistication in color per-
ception by the user of a visual communi-
cations system. For example, one of the
most powerful aspects of color is its
extension-free three-dimensional
properties of hue, saturation, and
brightness (see section 2.5). Yet most
people have not been educated to analyze
or develop a fast reflex to a color, as
dim/bright, hue name, or degree of
saturation, but think, rather, of a
single name (pink, chartreuse, red).

In our society, people have been
accustomed to appreciating colors for i
their aesthetic beauty and not for the
information that they convey. Even
researchers in map coding will remark
how "pretty" a map looks, forgetting the
intended functions of the color codes.
As the user becomes more sophisticated
and accustomed to the use of color, he
will be able to more easily decode the
information and be less distracted by
the inherent attractiveness of the
display.

We have planned a number of projects

that will determine the limitations of

color in the man/display interface and

that will enable us to evolve a program |
of user education in the perception and

generation of intelligent color in




graphics.
1. Perception of the Three Dimensionality
of Color:
By using the dimensions of hue, satura-
tion, and brightness to delineate,
associate, or code graphical data, one
can add three extension-free yarlables
to a visual display. We are interested
in measuring the ease by which an
observer can perceive constancy 1in one
color parameter as the other two are
varied. Thus the background or actual
figure colors can be used to convey
three distinct pieces of information.
Due to the natural association phenomena
mentioned in section 2.5, the gamut of
usable colors in a display may have to
be restricted, depending on the particu-
lar spatial context or parameter
associations.

2. Color in Coding Two-Dimensional Space:
One primary area of color education 1s
to teach and reinforce the concept of
chromaticity space as a two-dimensional
area with saturated colors along the
perimeter, which become desaturated as
they approach the white point in the
center of the figure. Because the rain-
bow motif has been extensively used in
advertisements, logos, and graphic arts
media, human beings have become ac-
customed to the linear ordering of hues.
In fact, in simple color coding systems,
the use of this natural ordering is
exploited without exception as an
analogue to a monotonic scale. The

use of a two-dimensional color plane
enables the user to convey spatial or
two-dimensional variable information

as an extension-free variable.
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catching up to "audio and visual" mixed
media presentations (other than, of
course, television). An Eastman Kodak
advertisement suggests we "bring the
talkies home," with the sync-sound
capability of home Super-8 equipment.
The increased use of sound in home
videogames is another example. This
obvious movement among manufacturers
toward more sound and better buttons
(for example) is simply a small move in
the sound-sync direction. We predict
that those games that are the most
interactive will be the most popular.

We will explore the relation of sound to
graphics in the following areas.

l. Simulation Enhancement by Sound:

We have all experienced fireworks, the
combination of dazzling graphics on a
mammoth scale with sound to match. Those
who have seen fireworks from a distance,
or worse, on television, realize the
lack of impact fireworks have if the
scale of either the visual or aural
experience is reduced. Activities
scheduled to take place within our

Media Room (subsection 8.3.4), though
neither of the magnitude nor purity of
form of fireworks, require careful

integration of the visual and aural
modes .

Three-sided Set

Animation environments will be enhanced

through the addition of the modality of

sound to interaction. Newtonian

simulations couched in such an environ-

é-wwmumd ment could respond with Doppler-shift
Mgt effects, phase-change due to head

e = Sound Source
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orientation and motion-to—sound relation.
A simple synthesizer, under program
control, will be available to the simu=
lator for the study and implementation
of such enhancements, including person-=
alized system configurations of the
acoustic environmental response.

2. Process Representation in the Aural
Mode: )
Our ongoing animation work, (subsection
8.2.1) asserts that the utilization of
the computer for a new and valid
medium for art requires a reexamination
of the powers and presentations that an
animation system must provide. Explor-
ations of the process-product relation
postulated in the animation work apply
equally to the aural mode. The possi-
bility for the conceptual embodiment of
idea in sound is as valid as in image.
However, careful examination of the
nature of the receptive systems (hearing
and vision) is necessary. Experiments
in relating aural harmony with graphic
phenomena do not consider the perceptual
differences between the senses, and
attempt to analogize without correlating
the relation of the art form to its
perception.

The ability of the ear to distinguish
and hold in memory complex horizontal
(time) as well as vertical (harmonic)
relations will be exploited to try to
communicate graphically, conceptual
jdeas such as resonance, decision,
fate, and the dialectic of Hegel.
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\

Qh\&g Batter, J. and F. Brooks, Jr.,
\\}fl Information Processing, 71,
N\ (2972), p. 759

Noves red
i Eor

Noll, A.M., "Man-machine tactile
Noves @ communication", Ph.D. thesis,
t Eor Polytechnic Institute of Brook-

l¥n, (1971) ; J. Soc. Inform.
Dis., 1, (2), (1972)
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5.3.9 Input Feedback Systems

Feedback has been defined as the

representation to the user of parallel

Processes occurring in the conversation.

One of the means by which we may obtain W
this feedback is via the input medium Ll )]
itself. The input device is thus used I
interactively for output. There are »
several reasons why this is a good

approach. First, the user's attention

is already focused on the input device,

and therefore the feedback can be

direct and immediate. There is no

diversion or re-direction of the user's !
attention in order for him to receive . !
and interpret the information. Second,

there are many modalities available to

the input device that are not available

to other devices presenting a display.

The user is in physical contact with

it, and the feedback is thus physical as

well as visual and aural. Third, no

distortion of the display or environ-

ment is necessary.

There are several examples of devices
that have made use of physical, force
feedback. Batter and Brooks built a
two-dimensional force feedback puck.

This device was used to explore the
effects of physical force fields
kinesthetically. A three-dimensional
system consisting of the input arm from

a remote manipulator, and the appropriate
servo systems to allow full directional
force feedback was also built. Normal-
ly, in a remote manipulator system, there
is a close mechanical coupling between
the input and output arms. In this
system, there are no output arms. There
is instead, a representation on a
display. The computer controlled servo
systems in the arm create the impression
that the objects on the display have

real mass and texture.

Noll also built a three-dimensional

touch feedback system in 1971. This
system also provided mechanical feedback
through three stages that terminated

in a knob available to the user. More
recently, Wilson built a system where the




input feedback is accomplished in Fhregn
dimensions by strings. He is working

a new version in which positional and
torque feedback will be provided.

In our lab, we have built a quce
Feedback Interact (see Appendix IX).
This consists of a joystick mounted on
the arm of a plotter-digitizer. Whereas
the standard Interact maintains a .
direct correspondance between the motion
of the arm and the force of the joystick,
that loop has been interrupted by
placing the motion solely under the
control of the computer. The response
characteristics can be varied by mak%ng
it appear difficult to move the arm in
some directions, and easy in others.

The key characteristic of this type of
feedback is that it is in the same
modality as the actual input. The
response to a force is either another
force or a resistance.

This type of direct feedback can be
extended to other types of input devices.
We postulate a tablet where the surface
is not constrained to be flat, but can
be distorted into a three-dimensional
curve. The orientation of the surface
can influence the preferred direction of
the pen. This implementation eliminates
the clumsy aspects of plotter arms and
manipulator arms, and substitutes a

more natural input medium. Ultimately,
means should be developed by which it
will seem as if the pen is moving
through an anisotropic, viscous medium,

We also postulate feedback systems that
are not associated with force and
physical motion. These have been
discussed in relation to the intelligent
pen and are primarily visual ang
textural.

Wilson, K.R., "Multiprocessor
molecular mechanics", in "Com

puter Networking and Ch
Peter Lykos (ed.), Americal
Chemical Society Symposium
Series, 19, (1975)
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young and Sheena, "Eye-movement
measurement techniques", J. of
the APA, 30, no. 3, (1975)

Behavior Research Methods and
Instrumentation, 7, no. 2,
(1975)

5.3.10 Drawing with Your Eyes

Given that this proposal centers upon
graphical, and therefore visual, modes

of conversation and communication, the
potential of the eyes as an output

device as well as an input device, namely
as input-feedback systems, deserves
exploration (Cf. subsection 5.4.9). Note
in the Schedule (section 5.2) that this
research comes in the fifth year and
therefore represents the fullest
extension of ideas and philosophy in the
proposal.

Instruments for tracking eye movements
are commercially available, and hence
the technological capability is current-
ly at hand. This capability has been
applied to diverse areas: instrument
panel layout, advertising, cognitive
processing,aesthetics, and as aiming
devices for both quadraphlegics and
weapons systems. We will explore the
ability of such instruments to specify
spatially position, sequencing (lines),
textures (oscillations), and motions as
willful actions on the part of the user.

l. Drawing with your eyes:

Cursors (subsection 5.3.5) will provide
necessary feedback, damp unwanted
oscillations when engaged in certain
drawing modes, and provide continuous
"state-of-the-system" information.
Experiments with texture-filling and

. abstract patterning will be conducted.

Head-orientation independent of eye
attention represents an added dimensional
capability.

This input modality will be carefully
evaluated and compared to existing (both

now and then, five years hence) modes. |
Extension into eye gestures will be
explored, postulating the eye-driven
system as personalized and completely
touch-free (manipulating data while
folding the wash, so to speak).

2. Exploring 1nvoluntary motions as input:
One argument against the premise of this
section is that eye movements are




involuntary and unconscious, and there-
fore inappropriate if not incapable of
sufficiently controllable motions. A
counterargument is that some involuntary
motions of the eye may be tapped as a
channel of information flow. Artists
spend considerable time mastering
"control" of their bodies, for example,
hands in the case of painters. A
broader interpretation might be that
artists are trying to open an unob-
structed channel from the internal to
the external in order to "express"

their art. How much of the control is
pure and precise specification is
debatable, particularly in the performing
arts: acting, dancing, improvising. It
is a simple extension into interactive
personal systems to postulate this
communication channel being tapped with
a previously unachievable hardware/
software system, not just for an artist
(in the sense of highly trained user)

but for each individual (untrained user).
A careful examination of the distinctions

between controllable/learnable eye
movements, and involuntary/meaningful
movements might yield a sense mode input
of unknown and potentially extraordinary
bandwidth.
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5.3.11 Seeing through Your Hand

Most computer input/output media lack the
immediacy of pencil and paper. The
system designer is forced to chocse
' among an unsatisfactory set of compro-
) mises, none of which provide the full
range of desired features. Light pens
allow the user to draw on the output
surface, but their unwieldiness and
dependence on illuminated areas of the
screen make them more suitable for
pointing than drawing. Touch sensitive
digitizers are a promising alternative,
but lack the required accuracy and
suffer from parallax. A separate tablet
and display have proved successful in
. some applications, but depend on a
tenuous hand-eye coordination that is
easily lost if attention must be
directed to the tablet itself, as when
tracing a manually generated drawing.
Transluscent, rear-projected tablets are
another possibility, but are currently
too expensive and cumbersome for general

use.
Knowlton, Ken, "Computer dis-

plays optically superimposed Knowlton has proposed a scheme for

on input devices", to appear superimposing a display image over an

in the Bell System Technical input device by using a partially
. Journal silvered mirror. Properly constructed,

there is no parallax for either observers

Knowlton, Ken, "Prototype of a or the participant. Such a scheme was
flexible telephone operator's used to construct a prototype work
gonsole”, 12% minute color 16mm station for telephone operators, super-
%;:Wiﬂlsmnw imposing labels and cues on a physical

5 g keyboard. The existence of tactile

feedback from the display in the same
space provides such an uncanny sense of
close interaction with a computer that it
must be seen to be appreciated.

P4

-7
6l 7 The Knowlton scheme lends itself readily
b4 to graphics. We propose to explore that
# realm by substituting a tablet for the

keyboard. This would offer the possibil-
ity of an intimately shared input/output
space hitherto not achieved with a
computer. Not only would such a scheme
answer the objections raised in the

first paragraph, it would offer the
additional advantage that one could draw
while seeing through one's hand. Since

PUSH BUTTONS




we know of no analogue to this feature in
present-day graphics, an entirely new
range of questions must be explored:

Is seeing through your hand con-
fusing? Knowlton asserts that it
is not confusing when using the
keyboard. This experiment will be
the first trial using a tablet.

Will it affect the differences
between right- and left-handed
individuals since left-handed people
hold a pen differently than right-
handed, obscuring the drawing in
different ways?

Will it affect the pointing and
focusing power of the hand?

Will drawing be easier if you don't
have to move your hand to see
behind it?

Will it affect the use of short-term
memory if you don't have to remember
what is under your hand?

Our feeling is that the effects will be
more pronounced when the technique is
applied to dynamic images, and may
therefore offer advantages beyond mere
cost effectiveness.
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}_ this is the
clearance needed
for a man to turn
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)
Sutherland, Ivan, "SKETCHPAD: a
MN-machine graphical communica-

tlonsYstem", Ph.D. thesis, MIT,
(1963
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5.3.12 Knowledge-based Graphics

Most computer graphics systems force a
separation between the manipulations of
objects and the corresponding operations
on their underlying meanings. The user
of a computer-aided design system
manipulates geometric elements while
thinking of the objects represented.

In those systems that combine the two,
they are frequently inseparable. There
are times when one would like to work in
purely graphical terms, keeping the
underlying semantics to oneself, while
at other times the combination of the
two would be extremely helpful. The
projects outlined in this section are
designed to give the user a powerful set
of tools and, at least as importantly,

a means of choosing and controlling them.

1. Transformations from a Data Base:

As discussed in section 1.4.7, Tautologi-
cal Transformations, the ability to work
with multiple representations is one of
the most useful capabilities provided by
computer-aided design. Such a capability
would allow a designer to work on a
problem from several points of view, or
for two designers to share a data base.
For example, in the design of a chemical
plant, a piping system could be displayed
as a schematic diagram when designing

the process, changing to a more

pictorial representation when designing
the layout of the plant, and finally
assuming a highly realistic picture for
purposes of presentation. If these
representations are to be used by
different members of a design team, the 1
data base itself can become the shared
element of the conversation.

2. Calling on Previously Learned Skills:
A common feature in graphics systems, and
something that we would like to make
explicit, is the ability to call on
skills and experience brought by the user
to the computer terminal. The rubber-
band line of SKETCHPAD is a good example.
It calls upon experience derived from
everyday life -- in this case from
interaction with real-world entities




which behave in a predictable manner. We

have used this concept in our work w1§h
touch sensitive displays (TSD, Appendix
IX) in a program to manipulate objects on
a display. The user moves an object by
placing his finger on the superimposed
TSD. If the finger is placed near the
center of the object, the machine
translates the object as if coupled to
the finger. Moving the object with 1its
edge, however, causes it to rotate as
well, as if it had mass and rested on a
horizontal surface. We propose to
generalize this scheme by allowing the
specification of correspondences
(analogies of entailment meshes)

between elements of the displayed system
and elements of some specified phsyical
system so that the displayed system may
be made to follow the rules of an arbi-
trary physical system. This association
need not mirror the behavior of the
displayed object in the real world. 1In
fact it may be advantageous to cause it
to obey a completely different set of
rules. An architect may wish to move
buildings on a site as if they were
boats on a lake, yet moving walls as if
they were made of clay. This analogy
scheme would allow a wide range of such
options.

3. Model-Based Graphics:

In the case where the behavior of the
display of an object is modeled on its
behavior in the real world, the computer
medium can become transparent, allowing
the user to interact with the system
under investigation. The actions of the
user may be augmented, giving him powers
he would not possess in the actual
setting. He may choose to remove dirt
from an excavation by pushing an imagin-
ary shovel, perhaps detecting bedrock by
means of force feedback.

The user need not be restricted to
affecting events in the modeled space.
He could also change the causality of
that space by modifying the pProgram
which simulates it. This Ccapability
implies the provision of a powerful and
easy to use modeling facility, in the




L7
coldberg, Adele and Alan Kay manner of SMALLTALK or PLASMA. Such a
(eds.) 1 "SMQLLTALK‘W instruc- feature would be used not only by the
tion manual”, Xerox PARC, March, user to exteriorize descriptions of
(1976) dynamic processes, but by the system
p 1 Programmer/subject matter expert in
gewitt, Carl, MIT AL working formulating the descriptions at each
paper no. 92, revised, March, node in the entailment structure. The
(1976) integration of simulation and knowledge
representation is evocative of Winograd's
winograd, Terry, "KRL", Language work on KRL, which may serve as a model
y Research Group, Xerox PARC, in in this case.
press -.

4. Access to the Data Base:
The data base (entailment structure) must {
be more than just an implementation
device. It must be a facility the user
‘ can make full use of to store insights
(analogies) and find his way around the
system. It will contain information not
only about the problem space but about
itself. Portions of the data base can
be displayed in a variety of formats,
by use of analogies to previously
defined forms. A pointer based data
structure could be viewed as a network,
complete with boxes and arrows, as a
sequence of LISP-like S-expressions, or
as . an illuminated manuscript. It would
be possible to "jump through" a node to
its underlying meaning, executing its
simulation as well as examining the data
explicitly.

The data base can also contain expert
knowledge about the problem the user is

i trying to solve -- knowledge found
through the exploration of analogies
stored along with them. Another type of
expert knowledge can be embodied in
programs, which can be located through
the same means. Note that we are not

| requiring that the machine generate
analogies (although we intend to
incorporate techniques as they become
available) but are instead providing a
framework in which they can be inscribed,
as in the manner of subsection 1 .4.5E05

i Analogy as Ossified Agreement.

5. Machine Recognition:

When interacting with the knowledge
representation, the user should not be
restricted to playing the passive role of




observer. Neither should he be required
to resort to typing at the keyboard to
make his needs known. The use of
gestures to communicate commands to the
machine was described in subsection .
5.3.4. More complex graphical input will
require some level of intelligence in the
machine, to recognize the nature of what
the user is drawing. This capability
will make use of our previous work in
machine recognition and inference making
to allow a facile means of entering
information into the machine and in
specifying what information should be
retrieved.
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R 3. Analysis of Proposed Research with

Regard to Each Project's Goal and Degree

of Interaction:

This constitutes a preevaluation stage in

which the model and simulation environ-

ment that it provides can eliminate the
construction of devices and systems —
measured to be inefficent or unsuitable

for interaction.

4. Publish Findings to Propel the Ideas i
and Values of Interactive Systems in All
Applications Areas:

We cannot emphasize enough our frustra-

tion when encountering the widespread
mis-mappings of on-line to interactive

and light-pen to graphical. We view the
dissemination of the model and metric of
interactive systems equal in importance

to the continuing application of that |
knowledge in the ongoing research of the
laboratory.

Bannj
W ASTEr, D. and J.M. Mair,
€ evaluation of personal

Con 7 ]
restructs , London: Academic
SS, (1968)




5.3.14 Transformations

Part of our research during the past
three years explored transformations

of a very particular kind: transforma-=
tions relating to communication
emanating from man and intended fqr
machine. In follow-up work, we will
broaden the exploration of transforma-
tions to include those pertinent to
communications between humans (inter-
personal) and with self (intrapersonal).

Our work in sketch recognition is
described in the paper titled "Graphical
Input Through Machine Recognition of
Sketches," (Appendix X). A central
feature of that work is the transforma-
tion of rough, sketch input into compact,
machine compatible formats. The motiva-
tion behind the work is the desire to
involve computers in the early stages of
design, say for cost estimation, rather
than waiting until the later stages when
their capabilities could come too late.
The result of this work involves recog-
nizing intentions so as to transform
tight, quickly drawn curves into corners,
"Jumpy" lines into straight lines,
proximate end points into latched
intersections, and so forth.

But there are reasons for transforming
input in additional ways. Mediation,
chapter 3.0, outlined benefits that can
accrue from different forms of transfor-
mation. Clear communication of meaning
between parties and with oneself is
perhaps the most obvious and meaningful.
And Exteriorization, subsection 1.4.5,
pointed to studies documenting the power
of individuals to draw associations from
external representations. The theme of
this and the following subsections is to
broaden the range of potential transfor-
mation processes.

Yet in the face of these arguments,
there remain sound reasons for maintain-
ing representations in their original
form. Regardless of the medium in which
they are created, drawings and other
forms of representation take on meaning




for the person creating them beyond the
subjects at hand. A smudge may have
content for its creator other than
"closet here" or "swampy area." The
smudge can provide visual recall of the
draftsman's entire frame of mind at the
time of the "smudging" -- that is, where
he was, what his goal structure was, etc.
I1f for no other reason than to maintain
access to this gestalt, the original
form of the representation should

always be available.

In some settings this conflict would give
rise to a selection process -- determining
how many people objected to losing their
original work, etc. But given the "both/
and" philosophy behind our research, we
see no reason for not presenting both

the original and several additional
transformations, simultaneously.

We will develop a demonstration system
using the hardware technology of large,
flat screen displays (subsection 5.4.5)
and the large-scale projection displays
described in Seeing through Your Hand
(subsection 5.3.11) to provide multiple
representations simultaneously. Using
displays as large as a desk top, it will
be possible to "scatter" several
variations of a drawing across a surface,
much like an automated tack board. While
facilitating extremely natural input,
complete with smudges, algorithms will

be developed that will transform the
natural input to several other versions
in view: a sharp-lined, rectangularised
interpretation; a greatly simplified
diagram; and perhaps even versions in the
"hand" of others (Picasso, Giacometti,
fellow workers).

Features of the transformation system
will also enable the draftsman to "pull"
any of the displayed variations to the
"work's surface" either for reference
or for continued input. 1In the latter
case, he will be given the option of
having his natural input continue to
appear within the now displaced
"original," or having it appear
"superimposed" on the variation at hand,



(see Yellow Trace, following subsection) .
Alternatively, the natural input would
continue to appear with the "original,”
while the properly transformed version
appeared under his pen. He would be

drawing as Picasso!
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5.3.15 Tracing Paper

Most architecture students can recount
feelings of shock and rejection when
instructors had the audacity to mark
upon their drawings. Similar fixations
with the preservation of original works
account for the presence of office
copiers. "Books are our friends and
must not be marked upon;" but a copied
page or chapter is ours to do with as
we will.

This phenomenon extends to authors as
well. Many artists would explore more
diverse variations of an idea were they
not blocked by fears of irretrievably
altering the original. To solve this
dilemma, artists and designers have
developed techniques for maintaining an
original while exploring alternatives.
Tracing paper is one of the most common,
and with good reason. By laying a tracing
sheet over previous representations, a
designer can not only explore a new
direction, he can work with the full
context of his previous graphics to
support his efforts. He need not lose
the creative inspiration generated in the
original. He can maintain a continuum
throughout the evolution of an idea.

We will automate this conventional
technique. In the process, we will
explore the potential for machine media-
tion of variable opacity, layering, and
regeneration.

Variable opacity will be implemented so
as to permit a user to "defocus" an
underlaying representation,

1. by dropping the intensity of
overlayed features, not only on
the basis of their depth, but
also on the basis of their
significance, where significance
is inferred perhaps, from the
number of redrawings per element

2. by blurring the overlayed image
such that only its grossest
features remain recognizable
(see subsection 5.3.6, Carica-
ture) .




Layering, too, will explore both tl;adl—
tional and machine-augmented techniques.
Obviously, we will enable the user to
shuffle layers without X, ¥ displacement.
But capitalizing on the power of tbe
machine, another feature will permit the
user to specify veffective" levels by
adjusting the intensity of images
directly. This would be similar to
dimming the lights on some sheets,
raising them on others.

A side issue in this regard is the means
for identifying layers and recalling

past images from the stack. Numbering

is the obvious approach and will, of
course, be implemented. Others include
"flipping" through the stack (note the
proximity to animation) and recalling
images with shared graphical elements
("Let me see all the figures with red and
blue checkers").

Conventional tracing procedures require
that the draftsman "fill in" the
unchanged portions of an image or attach
it in some way to its underlayer. In the
proposed tracing system, it would not be
necessary to redraw the entire image,
only those portions being changed.
Notified or inferring that no further
changes are forthcoming, this implementa-
tion will perform an intersection of the
two states and regenerate the remainder
-- the unmodified portions -- of the
drawing.
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5.3.16 Painting Photographs

A customary distinction between a drawing
and a photograph is that one is executed
by hand and the other by an apparatus.
This task of our proposed work removes
that distinction by allowing for an
interactive facility for three-dimension-
al photomontage. This is akin to the
recent work published by Blinn and

Newell "Texture and Reflection in
Computer Generated Images."

Painting photographs would be achieved by
storing "front-on" views of real
textures. For example, consider a

brick wall stored in an n-bit (6 < n < 18)
per point frame buffer image of it as if
it were perpendicular to the observer's
line of sight. Subsequently, if a brick
wall were to be the containment or
texture of a shape (subsection 5.3.2,
Shape-Oriented Graphics Language) not
perpendicular to the line of sight,
namely receding in perspective or in
axonometric skew, the bits could be
properly computerized and compressed to
portray accurately "brickness" seen at
that angle. This can be extended to any
plane (not necessarily flat) at any
attitude, if the original image is front-
on. In theory, any original image can

be used (as map-makers know) if direction
and focal length of camera are known,

but this would cause a fuzziness in the
image when expanded into a more front-on
shape.

This would work in the following manner:

a television camera would be used to read

in color photographs of front-on textures |
(like brick, grass, wood grain, fabric,
concrete, etc.) either in terms of three
components, red-green-blue, or in terms

of a luminance and two values of

chrominance. These would live on disk.

The user, in a video-based computer
graphics environment, not unlike our
current "PAINT" (subsection 5.1.2, Complex
Displays) would be able to give his

stylus (subsection 5.3.3, The Intelligent
Pen) the attribute of brickness. What




would be significantly different than
"PAINT" is that the boundaries would be
3-D delimitations. Flood mode would
exude brick, for example, with faithful
and accurate perspective.

Architecturally, this can be likened to
a rendering, but with photographic
detail. Even if the whole picture did
not receive "picture flooding," the
illusion of realism would be startling.
This is not unlike the observation of
Professor Donald Appleyard and his
colleagues at Berkeley. They have noted
that simple pictorial cues, like a Coca
Cola sign or doorway, enhance an other-
wise barren cardboard model with uncanny
impact, far beyond the paucity of their
area coverage and its proportion to

the whole model.

Besides the development of a stunning
aid and substitute to rendering, we see
the implementation of painting a photo-
graph as an important part of and incen-
tive for graphical conversation. Intra-
personal communication would enjoy a
dimension of previsualization, for which
we have no precedent. Architecture-by-
yourself (Appendix X) would serve as an
excellent example. The designer home-
owners could get photographic quality
and magazine-like representations of
environments that not only do not exist,
but are still in their early stages of
conception.




5.3.17 Personalizing the Screen

Personalization, section 3.2, notes that
"Even the commonplace profiles of time
sharing do not invade the format of
displays." Worse still, even our own
applications have very little to show
(Pun intended) in the area of personali-
zation. Two of the architectural
applications point in that direction by
placing the various menus to the right
or the left of the screen depending on
the user's handedness. Beyond that, the
most personal screen organizations are
accomplished by students, who in their
Cclass projects consistently frame each
conceptually separate element in its own
little box; at least these formats are
created to meet the approval of their
most intensive users, the students
themselves.

We propose here both specific tasks and
a general theme. Specifically, we will
implement techniques enabling users to
format their displays to suit their own
needs. These will include being able to
move menus off the screen when not in use
and to "pull" them back again when
desired -- to place them specifically

or carelessly, to place them appropriate
to the task at hand. For example, if

a user is typing extensively while
indicating certain elements on the
screen, this feature would permit place-
ment of those elements near the keyboard
to minimize hand displacement.

Our experience in this area indicates that
naive users are interested both in a
variety of display capabilities and in

the techniques for calling them forth.
"Can I see that in perspective? How do I
do that?" are typical queries. We will
explore techniques to make these

questions self-answerable. One of the
more obvious of these is to let the

person define commands as gestures (sub-
section 5.3.4). i

Controlling the quantity of information
on the screen is another factor amenable
to personalization. The simplest
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approach to this is to allow each par§y
to erase the screen when desired. This
could be accomplished in a variety of
ways determined by personal preferences.
It may occur as a function of the level
of activity (interest) demonstrated by
each party ("When I am working away, give
me a clean slate," or "Clear it off if I
haven't done anything for a while. That
will jog me back to the present") .
Alternatively a user may wish nothing to
disappear suddenly, but would have
elements gradually fade (or become less
detailed) as they were ignored.

Erasure will obviously be done on
different bases by different people. 1In
a conversation, then, it is entirely
possible that one person might refer to
an image eradicated on the other
person's screen. In this case the
second person may wish to see that
element or even the entire state of the
display at the time the element was

erased.

These examples are given not as specific
tasks to be implemented, but to indicate
erasure, recall, brightness, size of
image, detail of image, as well as
sound, intermittence (blinking), and
timing are display features amenable to
personal modulation. Our work will
explore the potentials of this theme and
implement a variety of capabilities
beyond simple demonstrations to enable
actual graphical conversations with
personalized displays.




189

5.4 Hardware Landmarks

The following seven subsections are in
this chapter on Tasks because they form
€ssential ingredients to our future as
well as past work (subsection 5.1.5,
Hardware). They should not be read as
undertakings of the same nature as the
Previous seventeen projects and themes.
While we fully intend to do the kind of
work that will directly or indirectly
affect the development of these machines,
we do not claim to be designing new
hardware. In some cases we are simply
lining up to get first releases and
prototypes of that kind of equipment we
feel to be essential to the future of
interactive graphics. Our list is in no
sense exhaustive.

The term landmarks is used also to
connote prognostication in industrial
development as we see it. In many cases
we gain our perspective from individuals
in industry and government with whom we
work intimately, who visit us occasion-
ally, or who have done as little as
correspond. Companies of particular
importance to us are listed to the side.




5.4.1 Scribblephone

Scribblephone (TM) introduces our’sectlon
on hardware landmarks because it is
unequivocally the most germane, existing
piece of telecommunication hardware. The
early concepts of Thompson and Weste}man
were precisely those of shared graphical
spaces. In 1968, they asked, "Is it
possible to create an environment such
that two people, remote from one another,
could jointly and simultaneously create

a single sketch, visible to poth parties?"

Today we find a prototype Scribblephone
at Bell Northern Research (BNR) in
Canada. BNR follows and supports our
current work (see subsection 8.2.2). In
connection with this proposal, we are
asking them to consider placing two
Scribblephones at MIT for the beginning
period of our study. We shall describe
its salient differences to commonly
known products or projects; we feel un-
comfortable describing its particular
functions and techniques at this writing,
being unfamiliar with the proprietary
issues surrounding the device.

Visual Electronic Remote Blackboard
(VERB) is a telecommunication proposal
for one-way communication to be used in
applications akin to the most parochial
teaching methods. A two-way VERB
approximates a Scribblephone, but is
different as long as it remains a
relative of the Picturephone, where each
party has an individual view of the
"scene." Only when that view is the
same, as in the adjacent figure, does
the Scribblephone achieve its unique
quality of shared space.

Current implementation plans for
Scribblephone include only modest
computer mediation, mostly for overcoming
pandwidth limitation. Mediations of the
sort described in chapter 3.0 are ad-
vanced applications to which we would
apply the device.

prevel
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5.4.2 Touch Sensing

Touch sensitive systems are input media
with a passive stylus. The excitment of
these devices lies in their ability to
provide the most natural input path to
the computer. The umbilical cord
attached to normal tablet pens is gone,
and everything including fingers and
gands can be used to input graphical
ata.

However, these systems fail to realize
their potential because of several
mechanical and electrical shortcomings.
They are capable of resolving only one
finger or pen placed on the active
surface at a time, and they have no
near-field sensitivity. As a consequence
of the first disadvantage, the user may
not rest his hand on the surface while
using it, and thus the device is no
longer a natural input system. As a
result of the second, no cursor can
track until a touch is made, and the
distinction between locating a point and
indicating that point is lost.

Past implementations of touch sensitive |
tablets have used either an array of

switches under a plastic surface (Litton (
Industries), or a set of light beams and
photodetectors along the edges (Plato,
Magnavox display). Resolution is on the
order of two points per inch, thus

limiting their use to simple menu

selection devices, or keyboard replace-

ments. They are usually incorporated

into an active display of some kind. In

the Litton version, for example, the

wires are thin enough to be virtually
invisible and are placed over the surface ]
of a light-emitting diode panel capable {
of displaying characters of simple ;
graphic symbols. The system, used as a
hand-held keyboard is a controller for

a large-screen tactical military display.

In the Magnavox terminal, the display is

a plasma panel built into a hood to allow
simultaneous presentation of slides and
computer graphics. The touch panel is

used as a pointer -- a light pen

substitute.
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More recently, a true graphics tablet
has become available. This device,
built by Instronics, works on the
principle of transmitting surface waves
across a transparent sheet of glass

and ranging their reflection along two
orthogonal axes. This tablet is capable
of resolving 100 points per inch and
data rates of up to 100 digitizations
per second. Because the glass can be
curved, the tablet can be manufactured
directly onto the surface of a standard
CRT display. We have this system in our
laboratory and are experimenting with
ways to improve its characteristics
(Appendix IX).

Future investigations of touch sensing
will take entirely new approaches.

We believe that the idea of trying to
locate objects on the surface by looking
from the edge is inherently limited and
readily leads to ambiguities. The

touch sensor could be a vidicon camera
looking through the rear of a "peek-a-
boo" CRT tube. This tube could have a
transparent phosphor, and since it is
looking straight at the surface, could
detect multiple fingers, and even areas,
unambiguously. We have also suggested
pressure-sensing surfaces. This is
analogous to placing a trackball on the
face of the display on strain gauge
mounts. This tablet is not intended to
detect position of fingers or hands, but
force, both transverse and rotational.
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5.4.3 1000 Line Color

The advantages of television-type
displays in computer graphics has been
amply discussed (Appendix VI). In the
case of normal-sized black and white
lmages, Xerox has demonstrated an 875-
line system (the ALTO), where the line
Sstructure of the TV image is invisible.
For color presentations, there are two
problems: bandwidth and CRT resolution.

Normal direct-view CRT's that can display
full color (beam penetration types

excluded) use the shadow mask construc-

tion, thus limiting the resolution to

the number of primary color triads along

a scanning line. Historically, tube
manufacturers have addressed themselves

to the problem of color phosphor

chemistry to improve hue and temporal
resolution, and the spatial resolution

has remained constant at approximately

320 lines. Now that the application of

color CRT's is expanding beyond normal

home TV, higher resolution tubes are

becoming available: from RCA, a tube

with 18-mil spot centers, and from
Mitsubishi, a tube with 13-mil spot

centers. This tube can therefore display

640 lines, but has not yet been incorpor-
ated into a monitor that can run at 1000
lines. Incorporating these new tubes

into high-resolution monitors still ,
requires solving both the bandwidth
problems inherent in scanning at that
rate, and the convergence difficulties.

In the case of projection displays, one
can use three black and white tubes with
filters or colored phosphors, one per
primary, and converge the images on the
projection screen. This avoids the
problem of shadow mask construction, but
adds a problem of registration. To date,
no acceptable 1000-line color projection
system has been demonstrated. At this
writing, we have a General Electric
light valve projection television display
in our laboratory. GE will offer the
1000-1line capability through a single
lens in the future, hence avoiding the
issue of registration on the screen.




Clearly, after the 1000-dine problem is
solved, the next question is how to
attain the yet higher resolutions
necessary for large-scale displays.
John Ward has investigated beam wobbling
techniques in which the electron beam of
a standard CRT is oscillated vertically
as it sweeps across the screen by a
modulator in the vertical deflection
circuitry. By appropriately presenting
the data, the system has effective 1000~
line resolution: it writes alternate
picture elements on two lines. This
system has the advantage that the
display is coherent when presented on a
monitor without the vertical wobble
circuitry in it.
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5.4.4 Future Frame Buffers

1
|

As the resolution of a raster scan ¥
display goes up, the size of the memory | f
necessary to buffer the refresh image ‘
increases as the square of the linear
dimension. Notwithstanding the fact
that memory costs are dropping rapidly,
and new technologies are arriving that
make large-frame-store memories econom-
ically feasible, research into buffering
techniques and management techniques 1s
necessary.

The earliest methods used to minimize |
buffer requirements were scan conversion,
either in hardware, as in the case of
storage tube scan converters, or in
software, brought to its highest level

of development in the Navy's Proteus
display. This system includes real-time
generators for characters, vectors,
conics, and several application specific
displays like A-Traces and Waterfall
displays. It is capable of rendering
only single-tone images. In hardware,
the. Princeton Electronics and Hughes
storage tube converters can display
several gray tones and include the
ability to erase selectively.

Later methods use statistical encoding
to reduce storage and allow a variable
number of bits per point to be stored,
depending on image complexity. This
technique lends itself readily to
multiple gray-tone and color displays,
but is only efficient for images such as
characters and vectors whose complexity
is known in advance. In this case,
statistical encoding degenerates into
run-length lists.

It is becoming increasingly clear that
coding techniques on random images do
not ultimately save buffer space, and
suffer from difficult access and pro-
cess. In addition, since they have less
redundancy in the stored image, errors
tend to show up. Thus, more emphasis is
being placed on explicit, bit-per-point
displays.




Development areas for these displays lie
both in the device design area == CCDh's
and bubble memories -- and in management
techniques -- addressing and access
schemes. This allows rapid access to
the mammoth amounts of data required for
explicit, multi-colored, high-resolution
display systems. Research into displays
with memory incorporated into the
display media are also in progress, most
notably, the thin-film transistor
displays being developed at Westinghouse
by Peter Brody (see subsection 5.4.5,
Flat Displays).

Semitransparent Common
Au Front Electrode

\
\  Exended EL Electrode

Photoresist
Layer
L Electrode

Cross-scctional view of an EL panel wig
clectrodes, '




Four foot square transparent
plasma panel developed by
Control Data Corp.
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5.4.5 Flat Displays

Flat displays offer a panacea for many
of the ills of current output techno-
logies. They are smaller, less cumber-
some, have the capability of including
their own memory, and can be integrated
into a system complete with tablet
input. Their only problem is that they
are not quite here yet. However, there
is much current research with immediate
promise.

The first flat display to become readily
available was the plasma tube. These
displays have limited resolution and no
gray scale or color capabilities, but
include the memory in the display.
Control Data has demonstrated tubes that
are four feet on a side, include a
scanning feature that allows their use
with a light pen, and have 22-line-per-
inch resolution making them comparable
to a 1000-line TV system. They have also
demonstrated smaller tubes with resolu-
tions of 60 lines per inch, and have the
technology to build displays that run at
100 lines per inch in the near future.
These will be limited in size at first,
and will grow as fabrication techniques
improve. There is no read-out capability
in them, and thus a representation of
the image must be stored in the computer
memory.

Litton Industries has also demonstrated
large scale displays using LED technolo-
gy, with 22-line-per-inch resolution,
but also capable of displaying limited
color rendition and architecturally
capable of generating continuous tone
and full color images. These displays
are the modern analogue of a large array
of very tiny light bulbs, and consist of
a hybrid module with the driver
circuitry and memory on the back and the
LED's integrated onto the front. By
making the hybrid module increasingly
complex, one can add more color and gray
scale capabilities, as well as read-back.
Thus far, they are limited in hue
representation by the available LED
technologies, and in brightness by the




power consumption of the relatively % RS - e
inefficient LED device. o] ER ~

The most promising area for displays is
the thin-film transistor display, being
studied by Peter Brody of Westinghouse.
This uses thin-film deposition techniques
to deposit a memory cell and driver
electronics on a sheet of glass, and to
overlay various display media on top.

The medium can be light modulating

liquid crystals, or light generating
electroluminescent phosphors. Electro-
luminescent chemical research is at a
high level, and color displays can
therefore be generated. This type of
display system also makes use of manu-
facturing techniques well within the
range of realizability. Circuitry for
addressing a high resolution display can
be integrated onto the edge, solving the
problem of multiple connections. The
thin-film technology also allows for
arbitrary circuitry to be added to the
system, allowing a tablet to be integra-
ted onto the surface of the display.

L
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5.4.6 Write-once Memory

The concept of write-once memory is not
new. When instrumented in the small
scale sense of "blowing ROMs," the
notion is of reading well-formed infor-
mation, usually procedural, rarely data.
In the larger scale, for example, a
trillion bits, the concept is closer to
random access, read-write in the sense
that there is so much space available
that you can throw it away as it gets
used up. Very few applications are
inherently write-once.

It is included as a hardware landmark
because digital video is precisely a
write-once application. A trillion bits
can store almost three hours of live
video, without imaginative encoding.

We see this as an important component to
computer animation, especially when the
fiche (or whatever format of whatever
medium) is inexpensive enough to be used
like movie film. Movie film is, after
all, the epitome of write-once memory.

We are currently pursuing write-once
technologies in concert with Conversation
Video (subsection 8.3.3). At this time
we are close to the work of Precision
Instruments (California) and their tera-
bit store. It is a rhodium plated
precision mylar system of strips, written
by laser. The capacity of the system
(10' % bits) is achieved with 640 strips,
each roughly 4 inches by 3 feet.




5.4.7 Color Hardcopy

The aim of any hardcopy system is to
provide essentially free and immediate
results of any interaction for use while
the interaction is still in progress (or
current). In the past, this was
accomplished by using plotters and
Polaroid photographs. With the arrival
of raster scan displays, capable of
displaying areas and solids, plotters

no longer sufficed. Polaroid photo-
graphy, while fast, creates prints that
are out of scale with the display and
whose costs are prohibitive. This is
especially true for color displays.

The advent of Xerox's halftone and 3M's
continuous tone color copiers removed
this limitation making the hardcopy
immediately available. Research into
methods to interface these machines to
computer graphics systems is ongoing both
here and at Xerox. 3M has discontinued
their line. Several Japanese companies
are also entering the color copy market.

Depending on the resolution required,
various optical paths into the machine
are used. Lasers have been proposed and
can produce greater than 1000-line
resolution across the page. These
systems approach the limiting resolution
of the Xerox optics itself.

Work here has centered on integrating the
output with the graphics system itself
and has stressed the immediacy rather
than the resolution of the output. CRT
technology is used, and the system runs
as an adjunct to the raster scan system.

Further research is directed towards gray
tone and full color representations. The
ultimate aim is for the hard copy to be
an instant, accurate representation of
the interaction in progress.

CRT
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5.5 Dissemination of Results

In October 1972 the Architecture Machine
received its first major NSF support.

It was $100,000 (a few dollars less) for
one year. The short duration was in
part probationary. We had been repri-
manded for not disseminating our results
properly, prolifically, and punctually.
The following year, in June 1973,
"Recent Advances in Sketch Recognition"
won the AFIPS award for best technical
paper. These past three years, we have
swung in the other direction perhaps too
far, making our work highly visible.

The next two subsections dwell on formal
and informal plans for disseminating
results, not including books. They
enumerate a typical agenda of refereed
and nonrefereed papers and a not-so-
typical newsletter scenario.

Books are another matter. In the past
twelve months both Soft Architecture
Machines and the anthology Computer Aids
to Design and Architecture have appeared.
The first was written in the summer of
1972 (!!) by the Principal Investigator.
The second was edited by him in the
summer of 1973 (not much better publish-
ing speed) and includes two NSF/Archi-
tecture Machine participants: James
Taggart (who has since gone to Applicon
and leads their 3-D work) and Guy
Weinzapfel (whose curriculum vitae is
found in subsection 7.1.7 and whose
continued interest is found in subsection
8L 3mil) s

Careful review of the Schedule (section
5.2) reveals an item called "book,"
without further specification. This

item comes at the end of the third year,
with the intention of providing that
which we have heard called for at several
recent meetings: principles of inter-
active graphics. While the title has
been used, the topic is not covered in
the wide-ranging sense that we have used
the term "conversation theory." Without
predesigning this text, we submit that
it will be a joint venture of the staff
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on the project, conceivably co-authored
by the same or as many people as this
proposal. One notes the time it takes
to assemble a proposal of this size and
recognizes that double or triple the
effort could be distilled into a book a
half or a third the size.




5.5.1 Publication Schedule and Plans

A five-year schedule is not possible
without the clairvoyance that reveals
Planned conferences, special issues, Or
anthologies. SIGGRAPH occurs each year,
but lacks the scholarly rigor with which
a mathematician, for example, finds
comfort. Special workshops, like ACM's
recent "User-Oriented Design" are un-
predictable. And IFIPS is too frequently
weighed down by national equities inher-
ent in their charter.

It is interesting to note that this
coming summer the computer graphics
.conference, a cybernetics conference, the
artificial intelligence conference, and
the IFIPS meeting, all one week long,
take place within a six-week period! We
plan to actively participate in all of
them (Appendix VII, "On Being Creative
Using CAD" is a draft of the invited,
keynote paper for the CAD and Graphics
sessions on the topic). The AI Confer-
ence is, in fact, at MIT.

Of special interest is the March 1978
IFIPS seminar, "Artificial Intelligence
and Pattern Recognition in Computer-Aided
Design."

Mention should also be made of internally
generated meetings, such as MIT Summer
Sessions and Industrial Liaison Symposia. f
The former is a tutorial session, usually
limited to 20 or 30 paricipants, who in
the past have returned to teaching
situations. The latter is a more recent
activity which attracts over two hundred
participants. The following pages are a
reprint of the recent sumposium on
Computer Graphics, held on November 23,
1976, coincident with the production of
this proposal.




5.5.2 Machinations Continues

Normally this section would not appear.
However, we have struggled with our
newsletter, Architecture Machinations,
and wish to share the vacillations and
to invite criticsm. With a firmer
understanding (over one year after its
inception), we would like to encourage
other research groups to do the same
and to persuade NSF that it is a
legitimate and forceful research
enterprise, to which a small chunk of
this budget should be applied. At this
writing, no NSF funds are devoted to
Machinations.

Machinations is a weekly rag for internal
communication. It usually averages
twenty pages. Its contents range from
preprints, to informal reviews and trip
reports, to local changes in the

hardware and operating system, to a
calendar of our week. One hundred copies
are printed.

A few of these slipped out the door last
fall. Some went to industrial sponsors,
some to program directors, in federal
agencies, and some to friends and
colleagues. This has grown to the point
that 45 copies leave the walls of MIT.

Much benefit accrues from the copies that
travel through the U.S. mail. Calls with
references, pointers to new inventions,
or probing questions frequently come.

It gives "glue" to the day-to-day and
week-to-week atmosphere of our labora-
tory. Students are inspried to write
intentions down before they code them.
staff can issue provoking ideas. And

so on. The newsletter is not edited in the
sense of what goes in and what does not.

ARCHITECTURE MACHINATIONS

We propose to continue this venture.

We use College Work Study Program monies
to produce it on the 80 percent matching
basis. Consequently our weekly labor
cost is less than 7 dollars. The
printing averages 25 cents per copy

the postage, 13 cents. ]
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We propose to use 50 dollars per week of
this NSF budget for Machinations. The
cost is low. We submit that the wvalue
of the idea is high and encourage other
NSF-sponsored projects to do the same.
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6.0 HYPOTHESIS TESTING

Beyond enabling expressive capacity in
the graphical modality, we have some
questions in mind about how human users
will interact with an augmented computer-
based facility serving as a matrix for
graphical conversation. A number of
hypotheses of interest will serve as
leitmotifs, as leading questions,
throughout our exploration of graphical
conversation. These themes will occur
and re-occur throughout the life of the
project and will find expression, and
receive evaluation, in many contexts.

One braod class of hypotheses have to do
with differences in cognitive style
across and within individuals. Dis-
tinctive strategies have been observed,
for example, regarding the ways people
will record the different qualities

of a set of observed objects.

In this regard, Haber (1966) has divided
subjects into two broad classes:

"Object Encoders," who seem to organize
lists of properties of an object about
that object, and "Dimension Encoders,"
who apparently prefer to list the differ-
ent values various objects may exhibit
with regard to properties of interest.

In a similar vein, Pask (1971) has
discovered two general cognitive styles
that separate learners into two
groupings: "serialists," and"wholists."
A wide variety of information was made
available to subject learners about an
imaginary biological taxonomy of animals
to be found on the planet Mars. The
sequence by which subjects examined

the information was recorded, and
subjects were subsequently asked to
explain the taxonomy to the experimenter.
Objective measurements showed a bi-
furcation in basic styles and strategies
of learning. "Serialists" dealt with
one taxonomic feature at a time, and
proceeded to create lists of animals
having that feature. In contrast,
"wholists" considered the entire set of
subspecies, and for each subspecies




attempted to draw out the distinguishing

characteristics. In follow-up stuqles,
Pask found that when teaching-machine
protocols were drawn up for eitber
learning strategy, performance in learn-
ing was better if a "serialist" subject
was matched with a "serialist" program
and if a"wholist" individual was coupled
with a"wholist" machine protocol than if
a stylistic cross-coupling of person and
Program were employed.

Accordingly, we expect that in graphical
conversations, as appears to be the

case with well-defined, though not
specifically graphical conversations
(C£. section 1.2, Conversation Theory) ,
strategic differences will be exhibited.
It is further hypothesized that
differences in strategy occurring in
"strict" conversation heavily loaded on
graphical modalities will be carried
over into the non-strict phases of the
conversational exchange.

Thus, in a non-strict conversation,
people don't stick to strategies, but
exhibit shifts in strategies. Of
interest, then, will be the consequences
for strategic differences in graphical
conversations when the boundaries between
the strict and non-strict conversational
pPhases are crossed. Hypotheses are:

1. Some strategic differences will
be exhibited in strict
conversations.

2. Locally, where the graphic
conversation becomes strict due
to constraints imposed by the
"teacher," then strategies
are exhibited.

3. Upon the transition from the
strict to non-strict phases,
only surface "stylistic®"
differences will remain,
rather than deep strategic
differences.

4. None of the above occur (null
hypothesis).

We would not be surprised, in fact we
hypothesize that the intersection of




Schwartz, S.H., "Modes of repre-
sentation and problem solving:
well-evolved is half solved",
Journal of Experimental Psychol-
ogy, 91, (1971), pp. 347-350

graphic presentational protocols embedded

in machines will interact with strategic ;
Proclivities in and among users. I
Further, the dynamics of this interaction M
may well be further modulated by subject 10 1
matter, context, phase of the inter- il |
change (early, middle, late), and yet i
other variables. Imagine, for example, TN
a broad cleavage among individuals into
"visualizers" and "verbalizers." Surely

such a dichotomy in cognitive style

should interact with the relative

graphical versus verbal loadings of

the ongoing dialogue, and, further, .
interact with subject matter. Consider 1
a dialogue about specifically visual

matters such as 3-D visualization

puzzles, as opposed to inherently non-

visual puzzles (a logical derivation or

numerical puzzle). Or, consider a

problem-solving task with constituents

that could be presented graphically

under one condition, and verbally under

another condition. It is known that the

form of representation of a problem

strongly influences the probability and

the time course of solution. The pro-

vision of graphic facilities should have

a beneficial effect in computer-aided
problem-solving activity and computer-

aided learning.

An exemplar of a learning and performance
task upon which the selective effects of
graphical presentation and tutorial
interchange might have significant
effects is the "Tower of Hanoi" puzzle.
The puzzle, a well-known classic,
consists of a small, flat rectangular
board, upon which are set three upright
dowels or pegs. A variable number of
wooden disks, each with a hole drilled
through its center are stacked on one of
the end-pegs of the board. The disks
are each of a different diameter, and
are stacked on the beginning peg in
decreasing order of diameter. The
appearance of the little pile of disks
is vaguely pagoda-like; hence, the name
of the puzzle. The object of the puzzle
is to move the entire pile of disks from
one end peg to the other, moving one
disk at a time. Any move consists of




taking a disk off of a peg and moving it
to a peg where there is either no disk,

or where the topmost disk is larger than
the disk just about to be placed upon it.
No other moves are permitted.

The "Tower of Hanoi" is an example of
a sequential task involving transitional
states of knowledge converging toward a
solution, and has been studied extensive-
ly in order to map changes and shifts in
strategy among populations of subject
problem solvers. A not dissimilar
problem is the "Hobbits-Orcs" puzzle.
This puzzle requires the subject to
produce a series of moves that transport
three Hobbits and three Orcs across a
river. Hobbits are gentle, kind
creatures (in J.R.R. Tolkien's renowned
"Middle-Earth" Trilogy), and Orcs are
nasty, fearful creatures. The only
means of transportation across the river
is a boat that can hold one or two
creatures at a time, with at least one
creature needed to row the boat during
any crossing. The chief constraint is
that at no time can there by one or two
Hobbits on either side who are out-
numbered by Orcs, since if the Hobbits
are outnumbered, however briefly, the
Orcs will gang up and devour them.

Like the "Tower of Hanoi" puzzle, this
paradigm is being used to uncover
subject problem-solving strategy and
behavior under varied conditions.

The relevance of these puzzles to our
efforts is that these are puzzles about
which a great deal is beginning to be
known, especially how, as sets of goals
and constraints, they interact with
strategies that subject problem solvers
may adopt. And, they lend themselves
very well to both graphical presentation
and representation. But they can also
be represented by simple symbolic
notation. Accordingly, the form of
representation of the problem can be
studied as it interacts with styles and
strategies of solution, shifts in
strategy, ratio of graphical "hints" to
non-graphical "hints," and other vari-
ables of interest.

The Tower of Hanoi Puzzle.

Simon, H.A., "The functional
equivalence of problem solving
skills", Cognitive Psychology,
(1975) , pp. 268-288

Luger, G.F., "The use of the
state space to record the be-
havioral effects of subproblems
and symmetries in the Tower of
Hanoi problem", International
Journal of Man-Machine Studies,
8, (1976), 411-421

Simon, H.A. and S.K. Reed,

"Modeling strategy shifts in?
pProblem-solving task", C°9mt191
Psychology, 8, (1976), pp- 8¢

Thomas, J.C., Jr., "An analys®
of behavior in the hobbits—otc.s
problem", Cognitive Psycholo®’
6, (1974), pp. 257-269

Greeno, J.G., "Hobbits and °r§:
acquisition of a sequential :
cept", Cognitive Psycholod¥’ =
(1974) , pp. 270-292




Another domain of hypotheses involves
the appearance and disappearance of
awareness on the part of people of how
they manage to do some task, or perform
1 , some skill. It has been averred that the
| explicit awareness of how one accom-
Plishes something attenuates and drops

N\\\ out as learning and subject mastery
Ef\\ progress. We hypothesize that this
" gartlett, F.C., "Remembering: a effect should also be manifest in
study in experimental and social instances of graphical conversation.
psychology", London: Cambridge The basis of this prediction is that the
Mal  niversity Press, (1932) learner becomes aware of so many variants
lviy, of accomplishing some act that the ori-
Ology, ginal "phrasing," quite self-conscious

originally, drops out. Consider the
example of learning a golf swing or a

the tennis stroke. Early on, one is told in
R so many words, as well as being shown,
roble exactly what to do, in what sequence,

and so forth. Upon any occasion of
rehearsal, the act of execution is never
exactly the same as upon any prior
occasion. Amid the growing profusion of
motoric variants on the same theme, the
original (and highly verbally loaded)
pattern goes away. Articulate in-
competence gives way to inarticulate
competence.

Wer of
ional
tudies,

The durability of an understanding in
conversations is one of our concerns
(C£. section 1.2, Conversation Theory).
The issue here is how well a subject can
re-construct an understanding. We
hypothesize that, particularly with
interrupted conversations, re-construction
is possible (the so-called Zeigarnik
effect). The effect upon a graphical
conversation of un-coupled or changed
goals will be examined, as in the case
g where an ongoing task is interrupted or
i deflected, and where a return to the

Wﬁ former task may or may not be allowed.

ﬁp Further, the course of learning as a

Mbﬁl conversation proceeds represents

a0 another line of inquiry in conversation

o) theory. Comprehension, or the apprecia-

tion of global rules should benefit from

# the externalization, the making explicit

@0#. by rendering visible, that a graphical

8 medium for intellectual activity affords.




Similarly, operations, or the apprecia- McCulloch, W.S., "Embodiment

tion of local rules, are made manifest. mind", Cambridge, Mass.:
Press, (1965) :

We look for the interaction of the : 4

visual/verbal dimension with the Arbib, M.A., "Brains, machi

operations/comprehension (local versus and mathematics", New York.

global rules) dimension. Versitility McGraw-Hill, (1964)

would be the ability to combine and

Properly orchestrate local and global

rules. Additionally, in any nontrivial

graphiecal context, the ability of the

user to perceive accurately figure-ground

relationships is vital. It may be of

Some practical and theoretical import-

ance to examine user performance and

behavior in the light of the gestalt . - ‘

concept of "field-dependence." Zeigarnik, B., "On finished
unfinished tasks", in "A

These hypotheses give a sampling of what book of gestalt psycholog

we will be exploring apropos of cogni- Ellis (ed.), New York: =

tive interaction of the user with a Brace & World, translation,

computer-based, graphical conversation (1938), pp. 300-314

facility. We expect further hypotheses

and leading questions to emerge as our

effort proceeds. An expected result of

our concern with human factors issues

are procedures and methods that _

contemplate human capacities as well as

machine capacities, and the interaction

of the two. Beyond this, we expect to

advance appreciably the body of know-

ledge concerning the possibilities and

limitations of man-machine graphical

interaction.

Witkin, H., et al., "Individt
differences in the ease of P
ception of embedded figures'
Journal of Personality, 19+
(1950), pp. 1-15 '
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2 0 FACILITIES

Now we begin with the gray pages, primarily devoted to sharing with readers
unfamiliar with us or our project those features of our research environ-
ment that distinguish it from other settings. The reader familiar with

us can pass on to the budget (Chapter 9), with the exception of noticing

the existence of subsection 7.2.2, Ph.D. Concentration in Computer Graphics.

our perception of ourselves is that of a center of competence cutting
across all departments at MIT, even though physically and administratively
we live in the School of Architecture and Planning. The following sections
may give an unjustified impression of scale, because some staff are

supported through general funds and some projects are supplemented by
nonfederal grants. These are identified.




7.1 Personnel

None people and a faculty opening are described in t?ls section. iy niy
are not full time. In fact, some give an extremely low percentage of ghg
time and need explanation. The time percentages are: y

Nicholas Negroponte 30%
Gordon Pask 30
Richard Bolt 10
Robert Solomon 10
Christopher Herot 90
Paul Pangaro 10
Guy Wienzapfel 0
Seth Steinberg 100
Bill Kelley 25
New Person 0

The explanation for this seemingly curious time allocation is simply

the forthright budgeting of our work reflects how we actually do it. 3
Namely, there is a concurrency of projects in the lab and people informall
brainstorm, review each other's work, and provide refreshed ideas, The *
mix may be our strength.

The mix of percentages outlined above reflects this reality. The 0 to
percent types are budgeted in the sense of an internal "advisory board" =
that would meet at least weekly. The 25 to 30 percent types are the senic

staff, for which there is a major research obligation.

The two full-timers are Seth Steinberg, recently appointed to the MIT
Research Staff and Christopher Herot, a Research Associate in the Depart=
ment of Architecture. Many of the day-to-day tasks of orchestrating this

research would be in their hands. They both enjoy extensive, hands-on
experience with interactive computing and computer graphics. Chris Herot
has authored three successful papers on the topic and holds a growing
representation in the computer graphics community.




7.1.1 Nicholas Negroponte

curriculum Vitae:

Name :
Born:

Education:

Professional

Nicholas Negroponte
December 1, 1943

MIT, Bachelor of Architecture
MIT, Master of Architecture

Experience:

IBM, Cambridge Scientific Center, Cambridge, Mass.,
1966-1969

Leo A. Daley Co., Washington, D.C. 1968-1971
Computation Corp., Bedford, Mass., 1968-

North Holland Publishing Company, Amsterdam, New York,
Editorial Board, 1974.

Teaching Experience

MIT, Department of Architecture, Instructor, 1966-
MIT, Department of Architecture, Assistant Professor,
1968-1972

MIT, Department of Architecture, Associate Professor,
(untenured), 1972-1975

MIT, Department of Architecture, Associate Professor,
(tenured) , 1975-

Yale, Department of Architecture, Visiting Professor,
Spring, 1970

Berkeley, Department of Environmental Design,
Visiting Professor, Winter, 1973

University of Michigan, Department of Architecture,
Visiting Professor, Winter, 1975




Publications and Papers
Books:

Negroponte, N. P
i The architécture machine, Cambridge, Mass., MIT Press, 1970

(translated into Italian, Japanese, French, Spantsii

Negroponte, N. : i
« Soft archiéecture machines, Cambridge, Mass., MIT Press, 1975,

v

Negroponte, N. . b
& Anthology, computer aids to design and architecture, (edited),

New York, New York, Mason and Lipscomb, 1975.

Chapters in Books:
Negroponte, N. A A
The return of the sunday painter or the computer in the visual
arts, Future Impact of Computers and Information Processing,
Michael Dertouzos and Joel Moses, editors, 1977. e

Negroponte, N. .
Introduction, pour l'architecture scientific, Yona Friedman,

Cambridge, Mass., MIT Press translation, 1975.

Negroponte, N.
Limits to the embodiment of basic design theory, Basic Design

Theory, Willigm Spillers (editor), New York, New York, American
Elsevier Publishing Co., Inc., 1974.

vl

Negroponte, N.

Recent advances in sketch recognition (r E ;
eprint), 1974 Best Compu
Papers, Issac L. Auerbach, editor, New York, Peérocelli BooksS,

Negroponte, N.
Concerning respoasive archit

ectu i 3
Allen (editor), Cambridge. ture, The Responsive House, Edward

Mass., MIT Press, 1974.

Negroponte, N. “
Aspects of living in an ar

NIGELCE oy ledi e chitecture Machine, Design Participatzo_

London, Academy Editions, 1972.
Negroponte, N.

RBANS - A i i i
U machine that discusses urban design, Emerging Methods
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in Design and Planning, Gary T. Moore (editor), Cambridge, Mass.,
MIT Press, 1970.

Negroponte, N.
URBANS: an experimental urban design partner, Computer Graphics

on Arch@tecture and Design, Murray Milne (editor), New Haven,
Connecticut, Yale School of Architecture Publication, 1968.

Papers in Refereed Journals and Proceedings:

Negroponte, N., Pangaro, P.A.

Experiments in computer animation, submitted to SIGGRAPH Conference,
1976.

Negroponte, N.

Idiosyncratic systems approach to computer graphics, submitted to
ACM, 1976.

Negroponte N.
Recent advances in sketch recognition, Proceedings of the National
Computer Conference, New York, New York, June, 1973.

Negroponte, N.
HUNCH--an experiment in sketch recognition, Berlin, Gesellschaft fur
Informatik, October, 1971.

Negroponte, N. h
The architecture machine--a mini in teaching and research, Institute
for Electrical and Electronics Engineers Digest, March 1971.

Other Publications:

Negroponte, N. : ; -
On being creative with computer-aided design, invited paper, IFIPS
Conference, forthcoming.

Negroponte, N. :
Idiosyncratic systems, Technology Review, forthcoming.

Negroponte, N. :
Renort on the architecture machine, 1975, Computer Aided Design,
July, 1975.




Negroponte, N. : : . A
Megniﬁg at ‘the basis for complexity in architectiseh Architgg .

Design, 42, 11, 679-681, November, 1972. 3?

Negroponte, N. ' A |
Miglosce electronice in proiectanea de arhitectura si urban

translated by Mircea Enache, Romania, Arhitectura, 20, 3-4,
127-131, 1972.

Negroponte, N. S . ¢
HUNCH--An experiment in sketch recognition, Environmental Des

Research and Practice, Proceedings of the EDRA 3/ar 8 Confe
Los Angeles, January 1972.

Negroponte, N.

The architecture machine, Werk, August, 1971.
-

Negroponte, N. <5

The architecture machine, Architecture and Urbanism, January-

August, 1971.

Negroponte, N.

The semantics of architecture machines, Techniques and Archite,i'
May, 1971. r '

Negroponte, N. =

?gggitecture machine, Architectural Design, 39, 510, September,

Negroponte, N.

Toward a humanism through machines,

: Architectural Design, 39,
511-512, Reprinted from Technol i 1
April, 1969, ogy Review, 71, No. 6, 2-11,

Negroponte, N. %ﬁ.
Towards a humanism through : e
2-11 April, 1969. 9h machines, Technology Review, 71, No: ¢

Negroponte, N.
Humanism through machines, T i
29234, Apat iR » The Canadian Architect, 14, No.4,
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Negroponte, N.

waa;d a theory of architecture machines, American Institute of
Architects Journal, 51, No. 3, 71-74, March, 1969.

Negroponte, N., Groisser L.B.

Semaniégg delle macchine per l'architettura, Parametro, 10, 44-
"501 ®

Negroponte, N., Groisser, L.B.

URBANS5: a machine that discusses urban design, Emerging Methods
in Environmental Design and Planning, Gary T. Moore (editor),
Cambridge, Mass., MIT Press, 1970.

Negroponte, N., Groisser, L.B.

Environmental humanism through robots, Proceedings of the First
Annual Environmental Design Research Association Conference,

H. Sanoff and S. Cohn (editors), Raleigh, Design Research
Laboratory, North Carolina State University, 1969.

Negroponte, N., Groisser, L.B.
Machine vision of models of the physical environment, Cambridge,

Mass, MIT, Department of Architecture, Proposal to the National
Science Foundation, 1969.

Negroponte, N., Groisser, L.B.
URBANS5, Ekistics, 24, No. 142, 289-291, September, 1967. l

Negroponte, N., Groisser, L.B. ‘
URBAN5: an on-line urban design partner, IBM Report, 320-2012,
Cambridge, Mass., June 1967.




7.1.2 Gordon

Pask

Curriculum Vitae

Name:
Born:

Education:

Professional

Gordon Pask
June 28, 1928

Bangor and Liverpool Technic;al Colleges, diploma 3
courses in Geology and Chemistry y ; i
Cambridge University, MA Natural Science Tripos, 1954
London University, Ph.D. in Psychology, 1963 ,
Open University, DSc, 1975

»

Experience:

Sygtem Research Ltd., Research Director, Co-founder,
1953

University of Illinois, researcher, adaptive teaching
systems, chemical "liquid state" computing systems
Solartron, Solartron-Rheem, researcher in learning and
teaching systems, 1955-1961 R
Aerospace Medical Research Laboratories, AFSC, Aerospace
Researcher, 1960-1965

Burroughs Research Corporation, Researcher, 1960-1961
Office of Information Services, Air Force Office of
igézntific Research, OAR, Aerospace Researcher, 1961-
US Army European Research Office, Researcher, 1963-1965
H M Home Office, Researcher in Cybernetics, 1964-1971
Aerospace Medical Research Laboratories (European
Office for Aerospace), Researcher, 1966-1967

Offlce.og Information Services, Air Force Office of
Scientific Research, OAR (European Office for Aerospacé
Research), Researcher in Cybernetics '

Ministry of Defense, Researc 2ot
Air Force Office of § her, 1966-1970

gg;CA:;ospace Research, Researcher, 1968-1969
- HR 983/1, Researcher in Learning Strategies and
Individual Compete 3

nce, 1969-
Department of Employment 69-1970

Organisation ang instru

communication, da :
18eEETOTY, . | posel

B

eval and data recognitions

cientific Research (European Offi

» Researcher on Project gitled

B R ARG 0 i b g e
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NTGB, Researcher on Project titled, Domestic consumer
response prediction, 1970-1971

SSRC HR 1203/1, Researcher on Project titled, Uncertainty
regulation in learning applied to procedures for teaching
concepts of probabilty, 1970-1971

R R L, Researcher on Project titled, Driving strategies
for learner drivers, 1970-1973

SSRC HR 1434/1, Researcher on Project titled, Educational
methods using information about individual styles and
strategies of learning, 1971-1973

USAF, Researcher on Project titled, Cooperative computing
systems for echo detection with respect to moving targets,
1972

SSRC HR 1876/1, Researcher on Project titled, Entailment
and task structures for educational subject matters,
1972-1973

USAF, Researcher on Project titled, strategies disposition
tests and the influence of learning strategy on the
performance and breakdown of skills, 1972-1973

SSRC HR 2371/1, Researcher on Project titled, Applications
and developments of a theory of learning and teaching,
1973

SSRC HR 2708/2, Researcher on Project titled, Learning
styles, educational strategies and representations of
knowledge: methods and applications, 1974-1979

US Army, Researcher on Project titled, Current scientific
approaches to decision making in complex systems, 1975
USAF, Researcher on Project titled, The influence of
learning strategy and performance strategy upon
engineering design, 1975

US Army, participant in second conference on current
scientific approaches to decision making, 1976

US Army, Researcher on Project titled, Cognitive
mechanisms and behaviours in learning involving

decision, 1976

Mathematical Biosciences, Editorial Board

Journal of Man Machine Studies, Editorial Board

ICA Advisory Board

AGARD, NATO, ILO, Consultant, Committee Member




Teaching Experience: -
University of Illinois, Urbana, Ill., Electrical
Engineering Research Laboratory, Assistant Professor,
1959
University of Mexico, University of Illinois, Unive
of Oregon, Georgia Institute of Technology, Univers
of Illinois, Chicago Circle, Visiting Professor W
Brunel University, Institute of Cybernetics, Professor
present position
Open University, Institute of Educational Technology,
present position a2
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7.1.3 Richard Bolt

curriculum Vitae:

Richard A. Bolt
February 24, 1934

s University of Massachusetts, B.A. in English
Literature, 1957
Brandeis University, M.A. in Psychology, 1969
Brandeis University, Ph.D. in Psychology, 1975

Professional Experience:

American Mutual Liability Insurance Company,

Wakefield, Mass., Underwriting; Programming and

Systems Analysis, 1958-1962

Bolt Beranek and Newman, Inc., Cambridge, Mass.,

Programming and Systems Analysis, 1962-1966

MEDINET Department of General Electric Company,

Watertown, Mass., Medical Systems Analysis, 1966-1967

The Cambridge Project, MIT, Cambridge, Mass.,

Editorial Technical Writing, 1972-1974 .
Architecture Machine Group, Dept. of Architecture,

MIT, Cambridge, Mass., Consultant, Research Associate, ’
1976-

Publications and Papers:

Boilen, S., Baruch, J.J., Hughes, J.H., and Bolt, R.A.

An interpretive communications system in the hospital environment.
Paper delivered by R.A.B. at 1964 annual meeting of Digital
Equipment Users Society, Dayton, Ohio, September 1964. Published in
DECUS Proceedings, 1964.

iBolt, R.A., Allen, S.I., and Webb, H.W.

An on-line retrieval system. Paper delivered by R.A.B. at
Chemical literature symposium, 149th National Meeting, American
‘Chemical Society, Detroit, Michigan, April 1965. Published in
Wournal of Chemical Documentation, 1966 (Feb.), 6, (1), 57-60,
‘under title "Some Information Indexing Techniques in a Real-Time
tHospital Computer System."

"



Bolt, R.A.

Effects of ensemble size and
memory search. Unpublished
1969.

ndition in high-speed

logical co . X
Brandeis University.

Master's Thesis,

Bolt, R:.A.

High-speed scanning in human me
item category, and memory locus.
Brandeis Universtiy, 1975.

mory: Effects of processing capa;
Unpublished Doctoral Disserta

Wingfield, A., and Bolt, R.A. 5 . oty
Effects of ensemble size and number of targets 1n scanning otf
immediate memory. Paper delivered by R.A.B. at meeting on .
Term Memory at the 41lst Annual Meeting of the Eastern Psycho

Association, Atlantic City, New Jersey, April 1970.

Wingfield, A., and Bolt, R.A. 2 -
Memory search for multiple targets. Journal of Experimental

Psychology, 1970, 85, 45-50. E.




7.1.4 Robert Solomon

curriculum Vitae:

Name: Robert D. Solomon
Born: August 9, 1945

Education: Polytechnic Institute of Brooklyn, B.S.E.E., 1967
MIT, Master's Degree (S.M.E.E.), 1969
MIT, Electrical Engineering Degree, 1970
MIT, Ph.D. in Electrical Engineering, 1975

Professional Experience:
Bell Telephone Laboratories, Holmdel, New Jersey,
Designer, 1966
MIT, Cambridge, Mass., Designer, 1970-1974
General Radio Company, Concord, Mass., research
and development, 1969-1974
Solotest Corporation, Cambridge, Mass., President
and Director of Engineering, 1972-

Teaching Experience: }
Worcester Polytechnic Institute, Assistant Professor
of Electrical Engineering, 1975- '

Publications and Papers:

Solomon, R.D.

iA discrete commanding system for increasing the dynamic range of

delta modulation, Bell Telephone Laboratories, Holmdel, New Jersey,
September, 1966.

Solomon,R.D.
A DECOR system for detecting and correcting spike noise in an
FSK communications system, Polytechnic Institute of Brooklyn,
Memo for Quarterly Report on NASA Contract for Threshhold
ExXtension, June, 1967.




Solomon, R.D. a : ;
A study of the limitations on the packing density of integra

circuits, MIT Master's Thesis, 1968.

Solomon, R.D. _
Pre-emphasis noise reduction 1in a
Report, 1969.

video tape recorder system,

Solomon, R.D.
A study of flat face image systems, MIT Report, 1969.

Solomon, R.D. . 0
Beat frequency oscillator mixer theory, General Radio Memo, 1

Solomon, R.D.
Phase and frequency locked loop system theory, General Radio Me

1969.

Solomon, R.D. a
New real-time spectrum analyzer, presented at the 79th Meeting of
the Acoustical Society of America, Atlantic City, New Jersey, 19

Solomon, R.D. 4
Artificial biofeedback systems in humans, General Radio Memo, 1969.

Solomon, R.D.
A bidirectional binary to BCD converter, EDN, 1972.

Solomon, R.D. :
Design of a low cost solid state color head, presented at the SPSE
Conference, Boston, Mass., 1974. 5

Solomon, R.D.
Color coding for a facsimile system, MIT Ph.D. Thesis, 1975
- - ’ -

Solomon, R.D.

A color facsimile system which can be economically implemented Witft

a microprocessor, presented at the :
Advanced Signal Processing Technoloégternatlonal Conference on
’

published in conference proceedings

Lausanne, Switzerland, 19751



Solomon, R.D.

'The luminance scaled chromaticity transform, presented at the

‘Optical Society of America Annual Meeting, October 21, 1975, Boston,

M1y ‘Mass. Published in Josa, October, 1975.

" Solomon, R.D.

Real t%me colgr Picture coding, presented at the Picture Coding
Symposium, Asilomar, Ca., January, 1976.

Solomon, R.D.

Efficient frame memory storage of a color TV picture, presented at

. the Society for Information Display 1976 International Symposium,
Beverly Hills, Ca., 1976.

Solomon, R.D.

Color picture coding for facsimile, MIT RLE Progress Report No. 117,
pp 305-310, January, 1976.



7.1.5 Christopher Herot

Curriculum Vitae:

Name : Christopher Frederick Herot
Born: December 30, 1950

MIT, B.S. in Art and Design (Film and Photogra

1972
MIT, M.S. in Computer Science (Department of E1

Engineering), 1974

Education:

Professional Experience:
MIT, Department of Civil Engineering
Materials Research Laboratory
Programmer 1969-1971 ‘
MIT, Department of Architecture, Architecture Machine
Group, Programmer 1971-1972, Graduate Research Ass]
1972-1974, DSR Research Staff 1974-1976

Publications and Papers:

Hexot, C.F.,
Using context in sketch recognition. Master of Science thesis,
MTP, 1974, /

Herot, C.F., Negroponte, N., and Markowitz, J.
Idiosyncratic systems. Architecture Machine Group, MIT, 1975.

Herot, C.F.
Current events in graphical input techniques. for SIGGRAPH 19

Herot, C.F.

Sketch recognition for computer aided design. for ACM/SIGGRAPH‘:"

Workshop on user-oriented desi ; ’ : b
Pittsburgh, Pennsylvania, octoggr?flggzeractlve graphics system:
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curriculum Vitae:

Name:
Born:

Education:

Professional

Teaching Experience:
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Paul Pangaro
December 14, 1951

MIT, B.S. in Humanities and Electrical Engineering,
1974

Experience:

MIT Project MAC, Cambridge, Mass., Dynamic Modelling
Group, Designer, 1970

Education Development Center, Newton, Mass., Consultant
to Topology Films Project, 1971-

Education Development Center, Newton, Mass., Participa-
tion in writing, designing, filming, narration of
computer-generated film

MIT Council for the Arts, Cambridge, Mass., Commision
of Written Report to Evaluate MIT's Needs for Future
Arts Programs and Facilities

MIT Education Research Center, Cambridge, Mass.,
Manager for Computer-Generated Film Facility, 1972-1973
MIT Research Laboratory of Electronics, Cambridge,
Mass., Research Consultant, 1974-1975

MIT, Architecture Machine Group, Computer Animation,
1976~

Seton Hall Preparatory School, South Orange, New Jersey,
Tutor, 1968-1969

MIT, Unified Science Study Program, Education Research
Center, Instructor in Computer Modelling, 1969-1972
Children's Mime Workshop, Boston, Mass., Instructor

MIT Dramashop, Instructor in Improvisation

Theatre Experience:

Actor with the Following Companies

MIT Dramashop

Harvard Summer School Summer Repertory
Boston Summerthing




Pocket Mime Theatre, Boston
Tempo Theatre Company, Boston

Roles:

Green Eyes
Angelo

Hamm

John Worthing

Moon
Gus
Bluntschli
0ld Mahon

Tago

Jerry

Che Guevara
Window Washer
Frankie
Aristophanes
Soldier

First Voice
Henry Drummond
Chorus Leader
Captain Andy
Wayne Frober
Sam

Etienne

First Musician
Paul

The Friend

Mr. Witherspoon
Blick

Owen

Deathwatch

Measure for Measure
Endgame )
The Importance of Being
Earnest

The Real Inspector Hound
The Dumbwaiter

Arms and the Man
Playboy of the Western
World

Othello

A Pound on Demand
MacCrune's Guevara
Witness

Birdbath

The Clouds

L'Histoire du Soldat
Under Milk Wood
Inherit the Wind
Oedipus Rex

Showboat

Colonial Dudes

Moon

The Labryinth

The Cat and the Moon
Merlin Finch

The Wedding

Arsenic and 014 Lace
The Time of Your Life
Jenny Kissed Me

Directing Experience:

Under Milk Wood by Thomas
Out At Sea by Mrozek
Escurial by deGhelderode
g Birdbath by Melfi

Genet :
Shakespeare
Beckett e
Wilde i

Stoppard
Pinter s
Shaw vk
Synge

Shakespeare
O'Casey =
Spurling
McNally kS
Melfi 8-
Aristophanes
Stravinsky
Thomas e
Lawrence & 1
Sophocles

Arrabal
Yeats

Dizenzo _
Brecht f
Lindsay & C
Saroyan
Kerr



are

Muzeeka by Guare
The Physicists by Durrenmaff

professional Training:

Pocket Mime Theatre, Boston

Private student for four years of Joan Tolentino, Actress and
Teacher

Student for two years of singing coach Margot Warner

Awards:

Finalist, University Resident Theatre Association, 1973
MIT Stewart Award, for contributions to the Drama program, in

acting, directing, teaching, and producing in the Director of
Drama's absence

Technical Work:
Assistant Stage Manager, Theatre Company of Boston
Publicity Director, MIT Dramashop

Stage Manager, MIT Dramashop
Crew, Loeb Drama Center, Cambridge, Mass.

Computer-Generated Film:

Narrated, co-designed, filmed two topology education films, "Regular
Homotopies in the Plane, Parts One and Two," Sponsored by the
Education Development Center, Newton, Mass. Part One awarded the
CINE Golden Eagle, Bronze medal in the Congress of International
Science Film Association, Hungary, September, 1974. Part Two awarded
the CINE Golden Eagle, October, 1974

Design and filming of neurophysiology film on threshold oscillations
and intermittant conduction in nerve fiber, Research Laboratory of
Electronics, MIT, screened at Society for Neuroscience Conference,
Toronto, 1976

Stereo-scopic films of a hypercube in four dimensions, Computer-
Generated Film Facility, MIT




Publications and Papers:

Negroponte, N., Pangaro, P.A: 5
Experiments with Computer Animation, su
1976.

pmitted to SIGGRAPH Con:

M-um”gmagggﬁﬁgﬁﬁﬂiiiaﬁ

Sk
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71'7 Guy Weinzapfel

~curriculum Vitae:

ferem\! Name : Guy Weinzapfel
Born June 24, 1942

‘Education: ?giversity of Arizona, Bachelor of Architecture,
65

MIT, Master of Architecture, 1971

professional Experience:

Cook and Swaim, Architects, Tucson, Arizona,
Draftsman/Designer, 1965-1966

Campbell Aldrich and Nulty, Architects, Boston, Mass.,
Designer, 1966-1967

The Architects Collaborative, Cambridge, Mass.,
Architect, 1967-1968

JOBS 70 Training Program (US Department of Labor) ,
Boston Architectural Center, Program Director and
Instructor, 1970-1972

Private Practice, Architect, Lexington, Mass.,

1971~

MIT, Cambridge, Mass., Computer Applications in
Architecture, Research Associate, 1971-

US Army Corps of Engineers, Champaign, Il1l., Consultant,
1972~

US Army Corps of Engineers, Champaign, Ill., Responsible
for Preparation of Research Proposals, Supervision of
Research Staff, 1972-

Department of Environment, Centre for Mathematics
Methodology and Information, France, Consultant, Staff
Trainer

‘Teaching Experience: .
MIT, Department of Architecture, Graduate Research
Assistant, 1968-1970
Boston Architectural Center, Lecturer, 1972
MIT, Department of Architecture, Consultant in Design
Methods




Publications and Papers:

Weinzapfel, G. :
Space arrangement, Architectural Design, September, 1969.

Weinzapfel, G. A
EDRA II, Carnegie-Mellon Institute, Pittsburgh, 1970.

Weinzapfel, G. : -
IMAGE - a computer design aid system, Procegdlngs of the shar
IEEE design automation workshop, Atlantic City, June, 1971.

Weinzapfel, G. 3
Computer aided space synthesis, Industrialization Forum, October
1971. :

Weinzapfel, G.

The IMAGE system - its role in design, Proceedings of the
International Conference on Computers in Architecture, York,
England, 1972.

Weinzapfel., G.

It might work, but will it help, Proceedings of the Design
Activity International Conference, London, 1973.

Weinzapfel, G.

IMAGE: computer assistant for preliminary architectural design,
Spatial Synthesis in Computer Aided Building Design, Charles

Eastman, editor, Essex England, Applied Science Publishers, 1974.

Weinzapfel, G.
Following the yellow brick road, Comp
Architecture, Nicholas legroponte,
Charter Publishers, 1975.

uter Aids to Design and
editor, New York, Mason/

Weinzapfel, G.
The Falco project: a case study of ow
Machine Group, Department of :d Fhog 2
1976.

/designers, Architecture

Architecture, MIT, Cambridge, Februar¥!



Weinzapfel TG,

architecture by yourself: an experiment with computer graphics

for house design, Proceedings of ACM/SIGGRAPH Conference
philadelphia, July, 1976. ‘ B

Weinzapfel, G.

Interactive graphic techniques in architectural design, Presentation

at IEEE Wox.:kshop on Human Engineering Aspects in Automated Design,
Lansing, Mi., October, 1976.

Weinzapfel, G.

':Interact.:ive techniques for multi-level space allocation, Presentation
‘at Institute for Research In Information and Automation, (IRIA),
Paris, France, June, 1976.




7.1.8 Seth Steinberg

Curriculum Vitae:

Name:
Born:

Education:

Professional

Publications

Steinberg, S

Seth Alan Steinberg
July 8, 1954

MIT, B.S. in Electrical Engineering, 1974
MIT, M.S. in Electrical Engineering and COmpu
Science, 1976 :

Experience:

Meta-Language Products, Developed a business o
natural language data base system, New York City
York, 1971

Department of Social Services, New York City, New
York, Informational Flow Director, 1972

Architecture Machine Group, MIT, Cambridge Hasa-y;i

research assistant, 1973-1976

and Papers:

.A.

The interdata PL/I manual, to be published the summer of 1976.
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7.1.9 Bill Kelley

. curriculum Vitae:

Name: William F. Kelley
Born: March 2, 1932

Education: Rindge Technical Hi
1951

Linco}n Institute of Northeastern University,
Associate degree in Electronic Engineering
Northeastern University, School of Business,

gh School, Electrical Course,

nted BBA in Engineering and Management, 1959

2 Northeastern University, Lincoln College,

- New certificate in Control Systems Engineering, 1963
: Fitchberg State College, State Certification

as Occupational Teacher in Electronics, 1974

Professional Experience:

Lincoln Laboratory, Lincoln, Mass., technician,

Engineering Assistant, 1954-1967

MIT, Cambridge, Mass., Staff Engineer, Lecturer,
Research Laboratory of Electronics, Communication
Biophysics Group, 1967-1973
MIT Lincoln Laboratory, Engineering Assistant (Air
Traffic Control), 1973-1976




7.1.10 New Faculty Position

A reprint of one of the advertisements assogiated with our search tg |
a new faculty opening in Computer-Aided Design (CaD) follows. We i
this in the proposal material to relieve the reader of what would oth
wise appear to be a serious bottleneck in our faculty. ‘3
We expect additional openings, possibly even a chair, to become avaji]
as the Arts Program gathers momentum. Ssuch new positions would be
we are calling the "interstices" of video-computers, computer-gra
film-environmental art, and the like.

It is also important to add that the departments of Naval Archite

Civil Engineering, and Mechanical Engineering also offer Computer:

Design courses in a facility which they jointly own and operate. |
facility happens to be similar to ours in many of the brand-name g
- Interdata, Imlac - hence, we do share software.) This is mentic
with the new faculty position because joint teaching programs will
emerge. Discussions are in progress.
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Massachusetts

Institute
of
Technology

Faculty Position in
Computer Aided Design

A new faculty position in Com-
puter Aided Design has been cre-
ated within The Department of
Architecture. Candidates for this
opening are invited to submit
their resumes and any additional
information by December 31,
1976 to:

Professor John Habraken, Head
Department of Architecture
Massachusetts Institute
of Technology
77 Massachusetts Ave.
Cambnridge, Massachusetts 02139

The position includes 50% re-
search and 50% teaching. The lat-
ter entails:

1) An ir.troductory design
methods subject at the
graduate level, but avail-
avle to undergraduates.

2) A graduate seminar cen-
tered on the candidate’s
expertise

3) Ph.D. and M.S. Thesis su-
pervision.

Prer equisites include: '
1) Ph.D. equivalent in Com-
puter Science
2) Professional degree or ex-
perience in design:
a) art
b) architecture
c) graphics or
d) planning :
3) Experience teaching at the
college level A
4) Demonstrated ability and
interest in research.

The position can be at either the
Assistant or Associate Professor
level; salary to be negotiated.




7.2 Educational Setting

i

The teaching that relates to our current work suffers from the bottlene

in our faculty. The previous section absorb§ aone of th}s problem,
current with this proposal, Dr. Gordon Pask is being nominated for con
eration as Adjunct Professor. This will further help rebalance our
teaching and research. 3
None of the follwoing subsections address the_relatlon to profess
architecture programs, in part because they will play a lesser role
a deflated emphasis on applications, and in part because their infly
is usually measured in the intangibles of spirit, attitude and cur
Architecture students are tactile people. They are educated to as
tions about gquestions as frequently as, or even more than, answer
questions!

Furthermore, within the Architecture Department, we find MIT's visi
arts programs: film/video, environmental art, the Visible Language
Workshop, and photography. Currently, the visual arts account for.5
cent of our users outside formal course work. This, too, is an und
influence upon our style of research. '

frfgigdsar

it G
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B companion Subjects

Rie e _Computer Graphics and Animation. And a new subject
pesign Methods is being planned, broader than the current CAD offerings.

subjects account for 40 to 60 students per semester, ranging from

en to postdoctoral participants. This population is handled on-line,
s-on using some of the most temperamental but current hardware and

ware deyelopments sprouting from our research. Our current method of
ations is to turn over two computer systems to these subjects, six hours

B (The lab itself is a twenty-four hour a day, seven days a week
ation.

he following descriptions are taken from the MIT course catalogue.

20 Introduction to Information 4.24 Computer-Aided Urban Design (A)

g (A Prereq.: Permission of Instructor
.: Permission of Instructor Year: G (1)
ar: G (1) - 3-0-6
-3-3 Workshop with students pursuing research
asic principles of computer hardware projects of their choosing within the context of
nization, programming systems, languages architect-machine communication as an aid to
id problem solving with digital computers. the design of urban environments. Special
oratory experience in computer emphasis on machine-partnership and

ming, computer operation, and the programs of evolution. (Programming experi-
pplication of computers to problems of ence necessary. Master’'s candidates may take
chitectural interest, Different human-machine 1.00 or 4.20 or 6.030 simultaneously.)
nication modes exemplified with N. P. Negroponte

ercises and demonstrations in computer
iphics, information-retrieval systems, and 4.25 Machine Intelligence in Design (A)
Estanng. Prereq.: Permission of the Instructor
P. Negroponte Year: G (2)
3-0-6

201 Geometry and Computation in

e Experimentation with machines that learn

about their users, in particular, their users’
g — needs, desires and attitudes. Application of
r: U (1) machines which directly view physical -

J-4 environments; applying studies in pattern
recognition, linguistics, and self-organizing

foduction to projective geometry,

hographic and perspective, represented both systems. Student initiated research and visiting
'ically and mathematically. Techniques specialists. (Programming experience neces-
Cised with computer graphics facilities. sary.)

ts unfamiliar with computer N. P. Negroponte

ming will be introduced to FORTRAN;
oI n_nll have the opportunity to employ less
sVentional computer languages.

& Negroponte




7.2.2 Ph.D. Concentration in Computer Graphics

The Architecture Department is in its second year of offering a Ph.D,
level program. Seven students are currently in the program, for :
most part concentrating within the framework qf History, Theory, aj ;

Criticism. This new program's operation and its expansion beyond

History, Theory, and Criticism is guided by a Ph.D. committee.

As a member of that committee, the Principal Investigator_is activ
engaged in expanding the Ph.D. to include Design Metpo@s in genera
Computer Graphics in particular. We will bg en;ertalnlng one app.

tion in January 1977 for a Ph.D. concentration 1in Comguter Graph‘

concert with the aims of this proposal (if funded, this grant woul
1 of the 2.5 Research Assistants listed in the budget to fund this
student) .

We have purposely elected to pursue a Ph.D. track outside the Instit
Electrical Engineering Department in order to preserve the anomalous !}
engaging environs of more traditional graphics media: £ilm, video,
offset, photography, xerography, etc. However, the reader should b
aware that MIT does allow for joint Ph.D. programs. Last year we
two applications for such work: Architecture Machine -- Artificial
Intelligence Laboratory. '

1 X
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D, 2 2.3 M.S. Program in Computer-Aided Design

'8 3 .

q me following three pages are photostatic r i f our current M.S.
~ochure describing the newly creategd M.S. ggggﬁ:u?\r.ls cI>t is not the
unior" degree of the previously discussed Ph.D. It is a separate

= neimately related to a growing Arts Program (discussed in

Yy section 7.2.5).

\ ) L

ie:i"l The M.S. Program officially started this fall. We presently have five

S iy students enrolled in the Computer-Aided Design option, working within

s ur current NSF grant. The range of activity is witnessed by the

8% ersity of planned thesis topics: computer animation, frame buffers,

patial data management, design overlaying, distributed graphics.

'j.e origins of this particular program and educational setting are
illustrative of the shifts in our patterns of research. Namely, the
S. grew out of increasing momentum within satellite subject areas

which were first initiated to serve the needs of architectural students

ge ‘pursuing professional curricula. Over time, these service subjects, in
lad isome cases, assumed enough critical mass to offer graduate research and
!

study in a particular discipline (in this case: film/video, computers,
‘environmental art). The M.S. is a formalization of this and an
encouragement to pursue further professionalization in these areas.

‘We are unaware of any other program like it in the United States; the
Royal College of Art in London has a close approximation in their
Design Methods Program (recently expanded from research into teaching).




The Program

T'he Master of Science (M.S.) Program is
new. It was initiated in 1976 in response 1
a long hastory of diversin in arcas of studh
offered by the Department of Architecture
Previously, part-time., non-degree stisdies
in technology or the vivual ares have offered
the Institune a repentoire of general stuies.
the Department a sequence of distribated
requirements, and the occasional student 4
program of concentration. The M.S. is fors
malization of the latter, with the three-fold
purpose of : offering students professional
Opporunities in arcas of sacntific inguin
and visual study outside the architectural
prodessional track; contributing 1o wder-
graduate and archatectural programs bn
having a more critical mass of teaching and
rescarch; stimulating advanced rescarch
programs by atracung graduaie stdents
committed 1o a specific line of inguiry

The MLS. is an experimental program with
out the precedents of specific subject
SEGUETICES, OF GATeeT Opportunitics. As
such, prospeetive applicants are urged 1o
make personal contact with the spexilic
Programs.

Currently. three programs are offered
within the M.S. They are: film/video. yisual
studies. and computer-aided design. Their
selection resulis (rom an existing momen-
tum in teaching and/or research, formidable
enough to justify concentraed study . Each
group has a very specific bent on their
wopic. Film/video has a long-standing repu-
Laton in conema verite or direct ifm, puncra-
ated by research and development in sy
sound super-8. Visual studies is marked by
a traditson of combening art and tech-
nology launched by the carly work of
Gyorgy Kepes. Computer-asded design is
favored by the quest for interactive and
intelligent systems.

irements are comemon in all

m";’r‘mx They have been fashwned
in a manner 0 encourage students 1o
capitalize upon other areas in the Depart-
ment and the Institute at large. In contrast
to apprenticing with a mentor, candidates
are expected 1o outline their own area of
interest. Our educational goals are tinted
by a sell-interest in nurtuning fiekds of sudy

vailable unsquely at MIT. Consequenth
prospective applicants should see their
own educational objectives as research-
based and professonally oriented wward
acquiring skills and msights, while at the
same time participating i the building of &
graduate program,

The faculty are well-known innaovaton in
their helds. However the academic staf

is not imated 1o the advisors in charge of
cach program, but stretches across the
whole Department. including Research
Associates directing very specific research
projects. The M.S. program sees itsell as i
collage of colleagues. rather than a class-
room of exercises.

Massachusetts Institute of Technology

masterof s

I'he Depariment of Architecre offers
three gradate programs of siudy: The
Mister of Architecture (M. Archo), the
Master of Architecture i Adviced Sanch
O Ah AS ) and the Master of Scicme
OMS). The Department abso offers a bour
veur undengrchste program tue leads 1o
the degeree of Bachekor of Scienee e An
and Design (RS AD.).

Ihe M. Arch. is the firs professional degree

fow studients interessed i the professional
practice of archiseore. The MoArch AN

s the sevond professional degree which
affords advanced stuely in: Buiklings as
Svstennns = Design Comstanes, Urban Senke-
ment Design in Developing Countries.
Environmental Desaon, and Special Interest
Areas (including: Environmental Arts,
Design Technology . Enengy Svstens, il
Histony Theory Cratkcism of A aned
Architecture. Howsing and Relaed Design
Methads). The Mo Arch LS. iterseons
moteabiy with the M. program, There-
lore, stuckents with a previous B Arch, o
M.Arch, should review thas brochur
well. A technical difference which shoukl
b notedd is that the MARh AS. hasa
residency requirenmient (2 vears), while the
MS s evedbit-hound (100 wnits)

The Master of Science degree is awarndod
upon susbicion completon of an
approved program of sudy. [ his inchudes
amanimem of 100 units plus a thesis
acceptable 1o the Depariment. Any 42 of
the 100 should be in =\ subjects, ("A”
subjects are those intended primarily for
graduate students and are wo indicased n
the Description of Subjects given m the
General Bulletin,)

Thirty-two (32) credit unies per term nuay
be considered a full-time load, However, a
student without o veaching or research
assistantship can nomally aver age between
45 and 50 units per werm at the Institate

Phis means that a student with an snlant-
ship should expect the Program 1o take 2
minmum of lour semesters. A nComing
student without an assistantship shoukd
anixcipate a duration of three wemesters,
devoung most of the third semester 1o
theses, Students who have recened their
Bachelor of Science degree at MI'T I
ahle n_»lumlﬂ any apphicabie units (heyvond
the 360 needed for the Bachelor of S ence)
10 the Master of Science degree. Such
students may thereby be able o complete
the remaining Master of S e program
r(\::lrrmnn\ I two semesters of full-tine
study

CICIICC

The NS, degree program formealizes .
prixixe evoled e Bl Secton omer
the past severab vears, Faking people wilwe

U S hibsteed some compeetenes an bl
ancl mtensivels tamning them i the e
nigues of unscrproed sone somned Bilmoiking
cermeme venter we lane achesod reneo k-

oppesed 1o more sarvom v defimed cradt
skl Canerawork. coiting. sl aned
Tadon coneepts ek as pents
vther than s paricukar sSkills ther resals
e professions of editor. camerapersaon,
divecion. en

Felimanng 1 i Deth Sen ool 1o
Ihroagh the pioncering eflons of Ri had
Lok an MUE. a sopliisticated Sty %
s sound sestem was developed. making
it e serions meslisim lor -
making. The deyree program is sl
Dacing comprosed of alwmn seven sdens
Ihis allow s ol ancess 1o sophisticued
shosoting aned exlinng oyquipient i either
g, MOS. Gandickares are expecied v
Both finance aned complere several short
sy sound (i aned a et one more
oxtensive T which will be comsadered
the thesis film

Graduate Study in Architecture

Baabes wonrk in the miore ¢
vy of ¢ oot evete on diset o
sttt sauedents hanee nusde
nl:rnmmu'd wab miverd iy
swhens theanre ., msobograpl

combeming fdm. v oo, aned live
Three Tt Blmmakers. one: pani-
e s wheo antiss, suppbensensed i v
Tilmmeakers anel viden artists consi
the metruc sl seafl. An ety
B CA RIS,
b extenaive T s wewang, combimned waly
aceruane aceess fo coppnsent and o vl
poseed of serions Ribmmakers e
Filine Sex v o imingue phice i o
I
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A\ complered Graduate Applxation tor
Admission form. (Foregn stuckents mass
complete a Graduate Apphication tor
Admission from Foresgn Citizens toom. )

Ofhcial transcrpts of the apphicant’s ac-
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. 4 undergraduate Research Opportunities Program

UROF (almost prono;éced Europe) is an exceptional program created for
?érgraduatgs at MIT. It gets special mention in this proposal because

as served as a valuable component in three areas of our research

2 A g ating StUdgnt talent, exploring high-risk topics, and

creasing student-staff interaction. This program originated about

ght years ago 1n order to encourage undergraduates to seek participa-
‘in ongoing research and to encourage faculty to devote the

essary time.

| UROP a student who works anywhere from 6 to 36 hours a week on a
search project gets either credit or pay for that work. In cases
ere he 1s remunerated, this can be through either Institute discre-
onary funds or grant money (in the latter case, the grant is waived
rhead on that money).

0P is how, for example, we discover freshmen and sophomores who might
erwise not attend a seminar or subject until upper-class or graduate
rs. It is our most successful form of recruiting because (1) the
student has the opportunity to "get to know" the researchers and (2) the
research project does not need to risk funds (since in our case, we

draw upon Institute monies for at least the first semester).

It is not unlikely that a "new" idea will emerge from a UROP project.
While nine out of ten may be failures (except from the point of view of
the student's educational experience), that one success is usually a
winner and finds extensive subsequent support. To illustrate by example:
last year a UROP student developed the scrolling idea that found its
embodiment in our Xerox project (described in subsection 8.2.2,

Informal Industrial Support).

A final note on student ipvolvement in the spirit of UROP: it is the
epitome of the both/and attitude. On occasion we will actually do the

Same project in two or three different ways at the same time.




7.2.5 Arts Program

In this final subsection of Educational Setting, we wish to share wig:
the reader a growing interest for computers in the arts. The lasg
appendix, "The Return of the Sunday Painter", dwells on one particy
aspect of the future of computers in this area.

This emerging interest is part of a general'cgncern for "professiona
izing" the arts at MIT. While previously limited to cultura},

humanitarian, and introspective goals, the MIT Arts Program is pr
enjoying a push toward concentrated study and research at the grad
level. Research in the arts is truly a strange phenomenon, especis
when it is presumed to go far beyond the technologies of making ti

Computational processes in general can be presumed.to be one of ths
future art forms, perhaps so ubiquitous, that we will no longer
distinguish it (art) from daily living. In the shorter range, we
see that computers have the important effect of merging the perfo
and the fine arts, previously quite separate with the rare except:
some modern operas, kinetic arts, and celebrations. Additionally,
not hard to speculate on a process/product script in which the art
become the process of making it. Call it soft art.:

The Principal Investigator is currently chairman of the Arts Steering
Committee and that may be enough to justify these few paragraphs and
their intrusion. However, beyond personal interests, we offer the
paradigm as a distinguishing feature of our laboratory and what makes
tick. TIf the result of conversation theory is anywhere near as rich
the authors of this proposal are beginning to believe it might be,

to view it as an exercise in artistic expression is not a tangential
impression, but "right on." : E

bt



.1s-the section in which we are supposed to explain to you how

endowed our facility is and, if the work is judged important, why

the only place it can be done. However, instead of emphasizing

s like critical mass, center of expertise, and the like, we will

upon the setting as it pertains to MIT at large, rather than to a
ull of minicomputers, displays, and their extremities.

opics discussed below emphasize both our permeation across depart-
1 and laboratgry bqundaries and our laboratory's position as a
e for graphical interaction with computers.




7.3.1 Relationship to Other MIT Laboratories

Seven MIT laboratories and centers are directly related to our curr

—}_u .
activity and to the work proposed herein. They include:

! The Laboratory for Computer Science
The Artificial Intelligence Laboratory
The Center for Advanced Engineering'Study
The Center for Advanced Visual Studies
; The Visible Language Workshop
i The Film/Video Section d
‘ The Research Laboratory of Electronics

The Laboratory for Computer Science (LCS), formerly Project MAC, i
MIT's largest center for computer research. LCS consists of 270 me
== 30 faculty, 80 support and professional staff, 130 graduate, and
undergraduate students -- organized into 13 research groups. They
two affiliate member groups: music and architecture (Z.e., us).

part of LCS we enjoy the availability of more "hard-core" computer
science input from seminars, meetings, and informal encounters. At
time we receive modest funding through LCS, 2/3 full-time equivalent
indirectly, funding through IBM for media research. The affiliatio
LCS is listed first because it dates back to the mid-sixties and the da
of the Kludge. -

The Artificial Intelligence (AI) Laboratory goes almost as far back
primarily through the personal and invaluable contributions of Profes
Marvin Minsky and Seymour Papert. In fact, our first proposal to N
Machine Recognition of Models of the Physieql Environment, was a di
result of work done by us at the AI Lab on the (in those days) PDP-6.
At this writing, the more formal exchanges are limited to invitations
to lectures in one another's classes and student cross enrollment.
However, the formal exhanges are supplemented by informal gatherings.
We do share the common interest in personal computers. Although our
LISP is limp, we do support two versions of LOGO, one on the calligraphi
devices and the other on the color raster scan display. LOGO has serve
as an introductory vehicle for architecture students wishing to get
immediate hands-on experience with computer graphics.

The Center for Advanced Engineering Study (CAES) is our landlord inas
as we occupy the top floor of their building. Besides the relationshiP
through real estate, we share facilities and interests in video. A
Sloan Foundation grant has been instrumental in forming an MIT cable
television system and a high-quality television studio facility with
= CAES (in fact, in the basement of our building)., This facility has
‘ an important force in our video-based graphics. On several occasions
we have REQVAJEL LUS €9LVIGe Of trinsnicEiiigiisac signals directly

| the computer to the campus at large via the c : tlys
! a technical basis we have had the opportunj able. More importantly

equipment that would otherwise be unavailabl
quad video tape recorders). At this writing

! Sloan money has a small portion allocateq to
relationship.

e (for example, two-inch
» a second wave of requs®
strengthen this ad ho¢ ;

-

&




e confused with CAES) is

center for Visual Studies (CAVS - not to b
ve a Paik ABE Video Synthe-

active in "video art." They currently ha
zer with which we can communicate via ch abovementioned cable. It is
o the case that CAVS is mostly comprised of Fellows - artists in the
me of their careers. Two of the Fellows have been active and regular
of our color computer graphics.

 visible Language Workshop (VLW) is a new and smaller operation. It
to grow into computer

ncluded because it is growing and will continue
mposition and direct, large-scale, color hard-copy output. Two vintages

our earlier graphics hardware (one color and one black and white) have
rated to the VLW and serve as the beginning of the group's own computer
ility for which we plan to offer storage, cross-compilation and video

1t. A chance exists that VLW will acquire a PDP-11, in which case, a
oY up-to-date satellite facility will serve to generate formidable

d copy. Additonally, we have Mergenthaler Corporation to make avail-
e a computer composition system (either their VIP or a CRT machine)

joint usage.

The Film/Video Section is a partner in the "conversational Video" project
oposed to the National Endowment for the Humanities, described in sub-
ction 8.3.3. Much of their work is moving into video from a previous
ncentration on research and development in professional super-8 sound-

C.

Finally, mention is made of the Research Laboratory of Electronics (RLE)
lete. While two of our staff come from

a mention that should be more comp
fair to say that our relationship to

previous employment at RLE, it is
them has been weaker than it ought to have been. Recently, and with some

iormality, interest has been expressed in collaborating on hardware
developments.




7.3.2 Hardware Facilities

The evolution of our computer hardware is simple. In 1968, with the ¢
storage tube (611, ARDS) ever delivered, a Sylvania taplet,"and one
the first Interdata minicomputers, we built an "intelligent term},
configuration for the 360/67. Over time this grew: paper tape, inp
output, magnetic tapes, more core, a disk, a printer, and plotter,
core, and so on. By 1970 over $100,000 worth of peripherals hung o
single (approximately $15,000) minicomputer and, to no surprise,
doing everything locally -- not using the 360 (or MULTICS) for an

This lopsided configuration was remedied with the (then) clever i

a shared bus. This allows one device to be shared by gevera} com
(with the problem of record-oriented input/output mentioned in sub
5.1.5, Hardware). A limitation not mentioned in that subsection is ¢t
the shared bus is also limited to four minicomputers because at the
we did not expect to be able to afford more than four.

The following two pages diagram our facility. The first illustrate

overall configuration. The second diagrams the 85 raster scan displ
mentioned on numerous occasions in this proposal. The ensemble is or
of the largest research networks for the study of interactive graphic
(Xerox PARC is the only other place comparable in both spirit and fa
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, 3 current Software Support

rent software at the Architecture Machine consists of the MAGIC
ng system, seve;al language compilers and interpreters, two text
, several graphics systems, and a number of other programs which
'ﬂn?e easier than if one were programming on an undiluted CPU. The
is largely an in-house development although it is based on the
vendor-supplied paper tape operating system which does allow us to
ndor-supplied software such as the FORTRAN compiler.

-t programming done at the Architecture Machine is done in a subset of

PL/I language. The subset has almost all of the control and program-
ing features but lacks the business-oriented data types (e.g..,
s) and currently lacks all of the PL/I input/output features
ince they are §1l-adapted to interactive programming. A number of systems
rams are written in PL/I (the link-editor, one of the text editors,
he LOGO interpreter), as well as almost all of the applications

rYams.

ddition to the PL/I compiler there is a LOGO interpreter, a LISP
rpreter, and a FORTRAN compiler. LOGO is a simple language that

ws novices to write simple programs without a great deal of instruc-

. The LISP is a small subset of MACLISP, but it can still be used to

svelop small systems: for example, to test out ideas on data organiza-
ms and the like. The FORTRAN compiler is still used on occasion, often

ake advantage of existing software that was developed before the

rrival of PL/I within newer programs.

he operating system itself supports a small multidirectoried file system,

evice-independent input/output system, a primitive overlay management
tem, and a simple command processor. It also provides a substrate that
used to support that static and raster graphics systems as well as the
PL/I runtime memory, but the user is able to "wire" (that is, make core-
fesident) many of the normally "transient," loaded-on-call system routines.

he basic and completely device-independent graphics system is referred to
S the "static graphics" system and provides the ability to create static
rawings on any of the various devices in the lab. In addition, it allows
0ints to be read from any of the input devices. A newer version of this
ystem was written in PL/I and allows picture modification on those

evices that support it as well as better multiple screen support.
Nterestingly, the PL/I version is not much larger than the older assembler
anguage version. There is also a raster graphics system that currently
Msists of a number of microcode overlays and an interrupt-driven control
gram that allows changes to be made to the TV controller's configuration
for example, changing the contents of color matrix). This system is being
Xpanded to allow for the support of a number of different "flavors" of

aster graphics displays.

oes have a number of disadvantages. It is
ed on sixteen bit minicomputers that.ngcessitate relatively arcane
hods of managing overlays and also 11m1§ the size of data bases that
#an be kept in core memory. The current file system was originally

the current operating system d




designed for use with a fixed head disk which had a very small Sector g
This makes the file system sluggish at times. The current System alfg
lacks any multitasking facility. Thus the applications program isiis
required to manage its own time slicing in order to implement baCkQ@“
and foreground tasks. &

With the development of the Interdata n/32 (n = 7,8) series thirt
minicomputers, the Architecture Machine was offered the 0ptlon.0f
advantage of the new hardware to solve a large numbe; of theOSthx.
minicomputer problems. The new machines support a sixteen-bit-mac
emulation-mode and so are being used as both sixteen and thirty-t
machines during the transition period. So, for the past year and
a@ new version of MAGIC has been under development and isS now near
completion.

The new operating system was designed from scratch so that many o
flaws in the old system could be eradicated in the transition. It
the full capabilities of the thirty-two bit hardware and the Inte
memory access controller. It provides a multitasking system with
linking facilities (to simplify the overlay structure), segmentati
support of pure procedures and shared data bases in multiple tasks
a new file system that can take advantage of the larger, though slo
disk drives. The new system will initially support the PL/I compi
macroassembler, and the new text editor as well as an initial repe
file system and miscellaneous commands and subroutines.

The new graphics system will be designed to be a good deal more fl
than the old one. It will be designed to support a broad class of
devices ranging from highly structured ones (such as IMLACs) that

good deal of dynamicism, to relatively unstructured ones such a slow
raster scan displays. 1In addition, it will be able to support re
machines and interprocessor communication so that applications can
in machines with special purpose hardware and perhaps with instruc
sets that are different from that of the central machine. This wi
us to support the requisite variety of specialized com

The current software has both a lar
"housebroken" in the sense that the features that do work, work we
new sysSEamr ity Mesd o 50 Ehmcughifa ey breaking-in phase althoug
initial switchover (during which work in progress will be movaditim
old system tolelciuowmitia Lotatart aayiusiise first quarter of 197
Although the new system will initially lack many of the amenities
current users have become accustomed, it will acquire most of it

are needed. By late in the year, most of our res £hink
ear ould
the new system as home. chers sh ‘



the
daty |

Qynapiy
o ]

), g
ower,
ler, 2
Ytoire

exible
- grapt
alloxé
oW
ote

pocal User Community

ion is made of the user community in this subsection because the
opers: transient users, regular users, and tourists are intermixed.
-jon 7.2, Educational Setting, and Chapter 4.0, Techniques and

»ds, have already explicated a multiplicity of people, styles, and
aches in connection with formal teaching programs, research staff,
s 0P. Here we are more concerned with the human resources available
pport the research and teaching above and beyond the personnel
ioned in Section 7.1).

t salient input comes from the computer science student who finds a
e of comfort in "randomly" worklng here rather than elsewhere. In
e circles, this breed of worker is called a "hacker." Their work is
waluable and provides for the surprises that make things more pleasure-

to use.

earchers from other groups (i.e., outside the Architecture Machine
roup) form a kind of clientele. By definition they use the system in
tly the same way we do in the sense that they are not charged, sign-
is open, and the machine is not locked at night or on weekends. These
ple come from Urban Studies, Mechanical Engineering, and the Design
hods group of our department. We limit our list to these three

ause they are the only formal research projects who partake in the
ource (an animation proposal is pending at CAVS). As users they are
demanding and, unlike our own staff, will not tolerate changes (without
iotice, that lose reliability, etc.). In return for access, we get very
objective advice, informal testing, and new ideas.

e last kind of user has been labeled tourist. We have too many visitors
for one reason or another. However, the burden is usually compensated for
J their using our programs (canned demonstrations of one kind or another)
and asking intelligent "what if" questions. A general excitement and
~VnuJ.ne interaction allows for a passing visitor to use facilities rather
than have them pointed out. Not always, but sometimes, this leads to
insightful discourse and important redirection. Hence we include them in

Our list of users.
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RRENT SPONSORED RESEARCH

er is dangerous. to our case. On the one hand, we would like to
you that we have a well-balanced research program, intermixing
issi oriented work; on the other hand,
t suggests NSF support is not
lowing projects, planned or
With the exception of
Research, concurrent projects are

e basic studies. They have pragmatic goals and pragmatic
ectors who expect well-defined products.

pPresumption that it would enjoy a

sal goes hand in hang with the
1 <




8.1 Federal Support

m three sources: The Advanc

We A rt fro
currently receive federal suppo Naval Research (ONR),

Research Projects Agency (ARPA), The Office of

The Army Research office (ARO) . Additional and small Suppoyt-has S
received from the Air Force to design and ins?all very specific IM
software, which is not mentioned in that it did not result from an R
or unsolicited proposal, but from an existing MIT-Air Force agreeme

The following three subsections are reprints.of tpe respegtive abs
Here we briefly dwell on the project's relationship to this proposal,
the event that it is funded. V

The ARPA work in spatial data management is a direct application of ii
personal conversation. The underlying idea is that humang tend to
many kinds of data, especially personal information, spatlally.‘

seen on desk tops, in filing cabinets, and on bookshelves. Addit

we observe that people tend to use sound and color as important

your own book collection, how many books do you know by the colors
their covers? How many by their exact positions on the shelf?)
contract with ARPA is to apply simple spatial principles to a nons
data management system where the storing of data would be akin to bu
a city, and the retrieving of it would be much like traveling throug
city (maybe even sightseeing). This work relates intimately with
tacit assumption that personalization is the key ingredient to interacti
and mediation.

ONR, in contrast, treats personalization as more than a tacit assump
Personalization is the basis of the ONR work. The application is
currently in computer aids to technical writing. The theme is descri
by the slogan: writing in camera copy. The idea for this particular
application for idiosyncratic systems stems from the observations b
(perhaps personal) of a deterioration of writing style in the presence
a text editor. The absence of many of the dimensions of paper -- dr
on it, working in two dimensions, crumpling it -- are sorely missing
are part of work styles. Are these work styles learned such that th
can be relearned (and circumvented) or are they deep-rooted psycholo
constructs that form part of the content of our writings?

The ARO work relates to this NSF proposal as a formal counterpart t0 %
informal agenda for color research. ARO is interested in very specif

applications of color, for the most part in mapping. Can color

for resolution in a raster scan environment? Can humans discrimin

equi-hue, equi-saturation, and equi-intensity? '




following text is the original ARrpa abstract, as submitted. Subse-

_ently the theme became a data management scheme rather than a command
control system.

Rep
g
Augmentation of Human Resources in Command
racts and Control through Multiple Media
1, in' Man-machine Interaction

the following pages outline a two year agenda for research into multiple
i“tra. nedia interaction between man and computer. While specific research

ma% already has lead to developments in a variety of channels and dimensions
is i Pof computer input and output, no work exists that assembles, intermixes,
and evaluates multiple modes and media potentially in operation at the
same time. The first year of experimentation exercises a prototype
terminal. The second year elaborates the work into the notion and imple-
mentation of a place: a media-intensive, computer-based workspace.
Throughout, selected experimental tasks will be addressed to specific
issues concerning man-computer interaction in the multiple-media environ-
N ‘ment. Each year includes a $50,000 line item for on-demand experimenta-
‘tion to be specified in concert with HRRO on a bi-monthly basis. The
itotal task is specified at an average level of under $300,000 per year.




8.1.2 ONR

: ur August 1975 proposal to gy
d with o d studies of "idiosyncratj

The following abstract was inglude 255k ood
as an application of the previously Supp
systems."

ABSTRACT

The objective is to assist and augment technlgaiizglthoals o
computer techniques, particularly computer grap nteﬁt styles =il
facilitating the task of input, improving the co more'versatile
design of output, and making the writing process e = "idios§ncr
and personal. This is an applicat}on of wbat weWca oralatar i
systems" approach to man-computer 1n§erac§1on. e pstultifying
computer text editors, largely one7d1megs+onal, are ’
ate unanimated documents, and impair writing styles.

Techniques and systems aimed at meeting these.o?jectivei arecappti‘
of previous ONR work in computer grgphlcs. M{lltary relevancy r :
in the formidable document preparation tasks in DOD.




ollowing text introduced our January 1976 proposal to The Army

P arch Office (ARO). The proposal was subsequently modified to include

ensive refergence to Previous work and specific experimentation, namely

\ydies in equi-hue, equi-saturation, and equi-intensity as discriminat-
e overlays 1n mapping. The following is included for the reader to

spreciate a partnership with more formal and specific studies or color

titative studies on such phenomena and newly devised experiments with
subjects will provide information as to how color displays may be
luated and enhanced as transmitters of data in graphic form to the

an visual sink. Using an existing real time, on-line, color computer
phics facility, we feel that a high-quality color television monitor
ay be used to simulate a wide variety of color displays.

In using color to code and enhance data, it is vital to quantitatively
understand the relationship between the appearance of a color in a complex
spatial environment and its specified chromaticity. We feel that design
guidelines can be drawn up to determine engineering criteria to be con-
sidered in specifying and optimally utilizing a color display system with
fegard to fatigue, legibility, accuracy, ambient conditions, and effective-
€ss in communicating graphical information.




8.2 Industrial Sponsorship

MIT has a well-run, energetic, an
that currently has one-hundred a
below). Through this office we
from over thirty companies whic
industry. In some cases, these interlu
esting conversation. In other cases, We€
In still other cases, it is the beginning O

ose ties with smaller companies, ne
tant to the computer community. 1
2, Informal Industrial Support.

2 LA

Additionally, we have developed cl
part of the Fortune 500, but impor
are articulated in subsection 8.2.

difarsy
nd eleve
have been a
h are direct

AMP Incorporated

Abex Corporation
Addressograph-Multigraph Corporation
The Aerospace Corporation

Alcan Aluminium Limited (Canada)
Allegheny Ludlum Industries, Inc.
Aluminum Company of America

American Can Company

American Cyanamid Company

American Electric Power Company Incorporated
American Maize-Products Company
Amsted Industries Incorporated
Atlantic Richfield Company

Avco Corporation

BASF Wyandotte Corporation

Beatrice Foods Co.

Becton, Dickinson and Company

Bell Telephone Laboratories, Incorporated
The Boeing Company

Borden, Inc.

Borg-Warner Corporation

Boston Edison Company

Buckeye International, Inc.
Burroughs Corporation

CPC International Inc.

Cabot Corporation

Campbell Soup Company

Carnation Company

Caterpillar Tractor Co.

Celanese Corporation

Champion International Corporation
Citibank

Control Data Corporation
Dayton-Walther Corporation

E. I. du Pont de Nemours & C
Eastman Kodak Company ompany Incorporated
Envirotech

eaching Industrial Liaison
n American members (see lig
ble to visit or receive
ly related to the comput
des result in pleasant and
receive direct hardware sup
f specific funding. 3

Exxon Corporation (Exxon Research and Engineering Company)

Florasynth, Inc.




pormsprag Company

The Foxboro Cqmpany
general Dynamics Corporation
general Mills, Inc.
general Motors Corporation
general Telephone & Electronics Corporation
The Gillette Company

The Goodyear Tire and Rubber Company

gould Inc.

grumman Corporation

Hercules Incorporated

Hershey Foods Corporation

Hoffmann-La Roche Inc.

Hughes Aircraft Company

International Business Machines Corporation
International Telephone and Telegraph Corporation
Jewel Companies, Inc.

John Hancock Mutual Life Insurance Company
Johnson Controls, Inc.

Johnson & Johnson

Kennecott Copper Corporation

Kerr-McGee Corporation

Kimberly-Clark Corporation

Leeds & Northrup Company

Liberty Mutual Insurance Company

Arthur D, Little, Inc.

Litton Industries Inc.

Lockheed Aircraft Corporation

P. R. Mallory & Co. Inc.

Marathon 0il Company

Martin Marietta Corporation

McDonnell Douglas Corporation

Mobil 0il Corporation

Morgan Guaranty Trust Company of New York
Motorola, Inc.

Nabisco, Inc.

National Distillers and Chemicals Corporation
Naval Air Development Center

New England Electric System

Norton Company

Occidental Petroleum Corporation
Owens-Corning Fiberglas Corporation

PepsiCo, Inc.

Pfizer Inc.

Phelps Dodge Industries Inc.

The Procter & Gamble Company

RCA

Raytheon Company

R. J. Reynolds Industries, Inc.

Rockwell International Corporation

SCM Corporation

Sanders Associates, Inc.

Sears, Roebuck and Co.




Shell 0il Company

The Singer Company

Sperry Rand Corporation

Sprague Electric Company : y
Standard 0il Company of California
Standard 0il Company (Indiana)
Stewart-Warner Corporation !
Stone & Webster Engineering Corporation
TRW Incorporated

Texaco Inc.

Texas Instruments Incorporated
Textron, Inc.

The Timken Company

UOP, Inc.

USM Corporation

Union 0il Company of California
United States Steel Corporation
United Technologies Corporation
Vought Corporation

Western Union Corporation
Westinghouse Electric Corporation
Xerox Corporation




, 1 IBM -- Computer Animation

:umOPOSal to IBM included several aspects of computer graphics, but

vily emphasized computer animation. The following text is an overview
wo systems under development.

o animation experiments would launch the research. The first is a set

xperiments based on the conviction that computer animation offers a

1ly unique medium for art and education. No other medium can provide
nceptual space in which to explore the fundamental relationships

tween form and content, process and product. The simulation environment,

ractive and fast feedback qualities, and pure information processing
ilities of the computer provide this conceptual space. Grasping

e powers in the process of creativity will demonstrate the clear

inction between "computer output" and "personal computer output."

e assumptions direct the research toward an animation system environ-
t with interaction on two distinct conceptual levels: the process

ce, the user's "way of thinking about it" conceptually; and the visual
ce, which is the output, i.e., the product of the user's efforts. The
ence of the system is the ability to input and modify in both spaces.
wing figures and specifying paths of motion in the visual space is
lowed by viewing a machine-generated description of the sequence much
e process-control. This "process description" can be modified and the
esulting change to the visual space can be immediately viewed (with only
I pause for computation). A change can be made in the visual space, and
on. This iteration between process and product, conceptualization and
ualization, form and content, should prove exceptionally instructive,
not thrilling, for the child, parent, or professional animator.

Xploration of the process space will be by means of a graphical inter-
ctive editor, perhaps a touch sensitive display. Essential elements

1ill be user-configurable system, extensibility, and embedded/interface
*dpabilities. This last feature will extend the idea of allowing a user

0 Wwork in whatever conceptual space is most comfortable, Instances where
dthematical or "scripted" descriptions are the most facile for the user
11l not be refused; even PL/I can be interfaced without losing the

géneral interactive qualities which the system as a whole provides.

Subsets of the system that provide complete simulation environments can
%€ constructed from the proposed system, One could offer a student a
EWtonian space which he could explore interactively, changing examples
8@ rules at will. This is a new dimension to computer-aided instruction
H€re only that which can be predicted can be handled. Here the student
® Offered an "environment," which is totally modifiable and which

Vides a level of explorative interaction known only in one-to-one,
her/pupil situations of the Socratic type, The interaction between
description of a conceptual space, and the consequences of the defined
S of a system, is a feedback-loop of student-defined problems that
Vides "teaching" in the richest, most personal sense of the word.

1€ second animation experiment is both briefer and more modest in its

¥€d for interactive paraphenalia. Let us temporarily call it a "keyboard-




driven" animation system. In a formal sense, c%osely a}igne? to the
spirit of theater, we envisage a ngcript" with "actors.” A EESHS
literally the control structure that relates the two over time.

is

This second exercise is almost the antithesis of the first and is inel

for that reason. The risk (which we shall do our best to avoid) is
the second departs into an opaque formal grammar_only manageable by
sophisticated (and patient) linguist. In comparlson, the ﬁlyst is
to handwaving and doodling, everybody being his own Toscanini. We
forward to the interplay between these two effqrts as yielding th
innovation in television-based computer animation.




£ 9.2 informal Industrial Support

e term "infc_)rma}" refers to support that is not the result of a written
roposal and is without specific task or deliverables. This kind of
"'rangement ranges from the manufacturer who gives a 50 percent discount
wecause he feels that MIT or our lab or both, would make a nice showcase
¢or his product, to the company that provides annual discretionary or
fellowship support for being in on the "action."

without dragging this subsection through the plethora of wheelings and
gealings that have helped us build up a research facility and to multiply
the scarce capital equipment funds, we dwell on the industries from whom
e not only obtain support (real money or hardware), but from whom we

receive important intellectual input. These include:

Bell Northern Research
Computervision Corporation
summagraphics

Ramtek

Bell Northern Research's influence is well-displayed in this proposal.
Scribblephone is their product and the notion of shared graphical space
\is their concept. We have enjoyed numerous exchanges and direct support
‘'that has allowed for major expansion in video.

Computervision had a formal contract with MIT last year, which ended in
June 1976. Currently, our relationship with them is an informal exchange
of ideas on interactive design. Our current implementation of force
lfeedback utilizes their hardware. Other equipment of theirs is on con-
Signment. It allows for students of architecture to engage in automated

ummagraphics makes digitizers. Their president and chief engineer
happens to be an exceptionally gifted and interesting person, through

While it is certainly the smallest of the informal supports, it
been one of the richest encounters, proving the contention that
informal industrial relationships are important.

Ramtek is included last partly because it is the most recent engagement

this kind. It centers on their 9300 machine, a raster scan display
= It has been







1 Planned and Concurrent Proposals

‘-g

' range from being "in the b : " "

3 roposals : : e back of our minds" to "about to be
pted.". Four subsections are included -- mostly in the spirit of
strating 900dt13t9ntlons. In our earlier (1973) interaction with NSF
~» was a concerted interest by NSF to see their research moved "into

eld." The QreVious‘two subsections illustrated this in the present
e, the following are included as a foretaste of the future.




8.3.1 NSF and ERDA -- The Intelligent House

. : e B 49 pack of our minds." In laps
This proposal is characteristic of il the : i
measure, it can be presumed to be the appllcat?otz §§m§°n§22a2§ our
current NSF work, moved out of this proposal'hlnbe innigp i N1ons se
The following text was forwarded to ERDA at the g g ovembe;

Micro-processors are finding their way into refrlggr;tors,lovens,
stats, and telephones. Computer memory has dropped from $1.00 per
less than $0.00l1 in ten years. Computer graphics has noticeably m
into television based technologies. These three facts point to th
marriage of the computer and the consumer, namely, the computer at |
However, most people view this as a device or a console, akin to £

with which one plays, works, and supervises daily life.

In contrast, this proposal is more pervasive. It considers computa
properties, distributed much like electricity and plumbing, likened
process control systems familiar to refineries, factories, agd some
rise buildings. But it is more than super-instrumentatlon; it incl
personalized, suggestive, and interactive systems as part of. the "8
orchestration of otherwise separate and discrete processes.

We see every wall as a display, every switch as an ear, every power
as a purposeful system. This proposal is aimed at segregating the
from the fact, outlining cost-effective and realistic application o
computing resource and management system in homes of the future.
discussed this work with the National Science Foundation. A proposal
will be submitted to them for the computer science component of this
to begin in November 1977. The attached budget is for the purpose
preparing a report on the energy-related implications of such a vent
We would plan to submit a proposal to ERDA at the same time as NSF for
consideration in joint funding, at a large level, for longer duration.
The output of this second stage would be a prototype house.




ARI -- Continuirg Color Studies

:3 2

4 Research Institute (ARI) is very different from ARPA, ARO, ONR
% other seemingly related Department of Defense (DOD) research branches.
% jifference hinges primarily on ARI's being a research, as opposed to
A nding agency (though ARI does fund or subcontract basic research).

ne proposal to ARO, previously described in subsection 8.1.3 found its
to ARI for review. This review process led to an ARI interest in a
range association which we plan to pursue next year as part of a

ng color group under the direction of Robert Solomon (whose curri-
yvyitae is in subsection 7.1.4).

jst this intention because we have not dwelled on basic color research
he degree that would be warranted in conversation theory. Our

ception is that very few people understand color, especially as a
chophysical phenomenon.




8.3.3 NEH -- Conversational video
Humanities

(NEH) currently has a P
This results directly fp
o digital editing.
this application.

The National Endowment for the 5
before them to do conversational video. e
work of an NBC producer and an interest fO

our interests in write-once memory come rom

abstract follows.

ABSTRACT

Conversational Videg ,
A Resource for the Humanities

This is an eighteen-month proposal to implement a pilot projec
prototype of which would allow a student of the humanities to
with an artist, scholar, or luminary not present, not necessar
The notion is simple: given enough (for example, greater than
of properly directed film/video material, a user can interacti
the material, through a keyboard-driven question and answer se

e use of computerized television technol
available only in laboratories, the result of and funded by other
but presumed to be commonplace three to five years hence. Addi
the proposed prototype will use material already developed for
purpose, namely forty hours of video tape on the sculpture Jacque
Lipchitz prepared for two "living histories" presented at the
Museum in New York in 1972 and the Corcoran Gallery in Washingt

in 1975.

This proposal includes th

The reader is expected to understand the proposal as something v
petween Computer-Aided Instruction, common to the sciences, and
dom access nature of a book, familiar to the humanities. The PIC
composed of three distinct parts: 3

1. Time-based indexing and a natural language interface
2. Random access video
3. A working prototype




4 1BM -- Media Room

,art of a larger MIT-IBM grant, we have submitted a proposal to build

called media rooT. This is in direct supplement to our ARPA
¢ormation surround" and the previously described task: "conversation
e." The IBM funds would be.used to build parts of the display
tem and sound system, otherwise prohibitively expensive. The following

is part of an informal letter pProposal that was transmitted to the
ovost.

propose to build a media room. The proposition results from a

yence of developments, funded in most part by prior IBM funds. 1In
rt: we have'developed a full-color, television-compatible system for
mation, mapping, and page layout. Currently, this color system is
wed through a 19-inch window, in the traditional genre of terminals.
s proposal is to expand this window in two important ways:

1) The window is an entire room, in which the surround is integral
to the "ambient information." !

2) The room deploys multiple media, imbedding sound in three-space,

having floor-to-ceiling display, and instrumenting force feedback
systems.

This work is an extrapolation of conversations with Bernie Greenblott and
is an extension of our current ARPA interest: Spatial Data Management
Systems. The IBM funds would be used to implement and test innovations

in user-computer interactions, primarily in the application I call "sound-
sync animation."

The media room would have the following properties:

1) 7 by 10 foot, rear-projected display

2) four channel voice and sound output

3) 3-by-4-foot tablet input

4) a joy-stick driven force feedback.mechanism

5) a touch sensitive portion of the display (2-foot square)

the first two items are part of capital equipment in connection with our
\RPA work. The remainder are existing or the anticipated results of
Urrent UROP efforts. I see this proposal as an end-all of computer
interfaces, something which we will be able to demonstrate, something
“to which IBMers can go and see.

€ attached budget reflects parts or all of the salaries of two people.
“N€, Paul Pangaro, is a continuation of a DSR Staff position he currently
10lds on our present IBM grant. The other, Andrew Lippman, is a graduate
Student in our newly created M.S. Program in Computer Graphics.




8.3.5 Discretionary Arts Support

This subsection is included to alert the readerwgfl: :gzm:i::agion'f
has been an implicit alignment with the art:ﬂe compose a grou ° ol
enjoy either endowment or research at MIT, b 4 P of

i i ded by a sense of ey
éxtremely active and animated faculty surrounded
This excitement comes from a potential cohabitation of art and te

much different and much richer than predecessors such as Experiu?.
Art and Technology (EAT).

The Film/Video Section, under the direction of Richard Leacock;
for Advanced visual Studies, under the direction of O;tg Piene
Minor White's photograph laboratory; and the recent Visible Lang
Workshop under the guidance of Muriel Cooper are all trying to or
together into what could be a formidable program. We plan to be
that program and have lent support whenever possible.

One of the mechanisms, not uncommon, to move in this direction is
raise discretionary or discretionary-like funds for the arts, t
programs, research, and a graduate degree. This is happening.
foundations are being solicited by the Arts Steering Committee
Piene, Negroponte). At this writing a great deal of optimism exi
we look forward to a three-year experimental program, during whicl
the art community would become yet heavier users of work such as
proposed in this document.
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S proposals. For €Xample, sj
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ent (with 68 percent over




9.1 Budgetary Overview

The budget has the following anomalies:

1. No charges are present for computer time. . X

25 Equipmegt chargzs are less than 12 percent, including the 19g)
surge explained in section 9.4.

3. Faculty is seemingly low.

The latter is the result of Dr. Gordon Pask's current position as a
consultant. If those funds were moved to the faculty line item, the
imbalance would be, in some sense, in the other direction. As ment
in section 7.2 we are proposing Dr. Pask for the newly created posi
Adjunct Professor, specifically to participate in this research and
teach at least one seminar around this material. A




jte Five Year Budget

&jggﬂﬁi——-

fﬁlty

staff

;5nfits (24.5%)
5 ‘:‘ent staff

'b.. SUltmts

yaterials and Services

publications
gguipment

‘ :gvel

,jscel laneous

overhead (68%)

Total

Grand Five Year Total

7/1/77-6/30/78

7,130
50,680
14,163
35,000
12,000
24,000
25,00J

6,500

1,000
60,842

236,315

1/1/78-6/30/79

7,780
55,220
15,435
39,800
12,000
25,200
26,0002

6,800

1,050
66,358

255,643

7/1/79-6/30/80

7/1/80-6/30/81

7/1/81-6/30/82

|
|

8,400 5% 200
60,030 65,550
16,765 18,314
44,700 49,900
17,000 12,000
26,500 27,800
2,500

7,150 7,500

b 1,150
72,111 78,720
283,256 320,134

10,100
71,520
19,997
55,300
12,000
29,200
3,500
30,0002
7,900
1,200
85,862

326,579

1,421,927




9.3.1 1977-1978

Faculty
Academic Year
Nicholas Negroponte (25%)
Summer
Nicholas Negroponte (33%)
Subtotal

staff
Richard Bolt (10%)
Robert Solomon (10%)
Christopher Herot (90%)
paul Pangaro (10%)
Seth Steinbeigs(}OO%)
Bill Kelle 2
Administra{ive Assistant (25%)
Secretary (50%)
Subtotal

Benefits (24.5%)

student Staff
Research Assistants (2.5)
gﬂourly Student Staff
UROP

Consultants
Dr. Gordon Pask

Materials and Services
Hardware Servicing
EDP Supplies
Electrical Supplies
Mechanical Supplies
Communications
office Supplies

Bk Printing Offset

e Xerox (B&W)

Film and Video

Subtotal

Publications

75 o E, .

- o NN %

Equipment
" Travel
i Domestic
| Foreign
| | Subtotal
Miscellaneous
Overhead (68%)

Total

7/1/77—6/30/78

5,500

1,630

2,700
2,500
15,840
1,540
15,500
5,500
2,700
4,400

2,200
4,000
6,000
1,100
1,700
3,000
1,200
2,400
2,400

2,500
4,000

7,130

50,680

14,163

25,000
5,000
5,000

12,000

24,000

25,000

6,500
1,000
60,842




9.3.2 1978-1979

culty
5 Academic Year

Nicholas Negroponte (25%)
summer

Nicholas Negroponte (33%)
Subtotal

staff
Richard Bolt (10%)
Robert Solomon (10%)
Christopher Herot (90%)
Paul Pangaro (10%)
Seth Steinberg (100%)
Bill Kelley (25%)
Administrative Assistant (25%)
Secretary (50%)
Subtotal

Benefits (24.5%)

Student Staff
Research Assistants (2.5)

Hourly Student Staff
UROP

Consultants
Dr. Gordon Pask

Materials and Services
Hardware Servicing
EDP Supplies
Electrical supplies
Mechanical Supplies
Communications
Office Supplies
Printing Offset
Xerox (B&W)

Film and video
Subtotal

Publications
Equipment

Trave]
Domestic

Foreign
Subtotal
Miscellaneous
OVerhead (68s)

Tota)

6,000

1,780

2,940
2,700
17,300
1,680
16,900
6,000
2,900
4,800

2,300
4,200
6,300
1,150
1,800
3,200
1,250
2,500
2,500

4,700
2,100

7/1/78-6/30/79

7,780

55,220

15,435

27,300
55500
7,000

12,000

25,200

26,000

6,800

1,050
66,358

255,643




7/1/79-6/30/80

9.3.3 1979-1980

Faculty
Academic Year
Nicholas Negroponte (25%) 6,500
Summer
Nicholas Negroponte (33%) 1,900 & 2oR
Subtotal 4
Staff
Richard Bolt (10%) 3'388
Robert Solomon (10%) 18'800
Christopher Herot (90%) 1 836
Paul Pangaro (10%) 18’400
Seth Steinberg (100%) '500
Bill Kelley (25%) 6,
Administrative Assistant (25%) 3,200
Secretary (50%) 5,200 60.03
Subtotal .030
Benefits (24.5%) 16,765
Student Staff
Research Assistants (2.5) 29,700
Hourly Student Staff 6,000
UROP 9,000
Consultants by
Dr. Gordon Pask 12,000 X
Visiting Committee 5,000 '
Materials and Services i,
Hardware Servicing 2,400 L
EDP Supplies 4,400 bi
Electrical Supplies 6,600 i
Mechanical Supplies 1,200 Y
Communications 1,900 (1
Office Supplies 3,400 0f
Printing Offset 1,300 h
Xerox (B&W) 2,650 Iy
Film and Video 2,650 i
Subtotal = A e b
Publications 2'500€) 9
Equipment 27,000 N,
r Travel Oy
‘ Domestic R
: Foreign g'ggg %
’
Subtotal AR 7’150 7 a
_ Miscellaneous 1,100
Overhead (68%) 72,111

Total




9.3.4 1980-1981

gy .
> acxcademlc Year

Nicholas Negroponte (25%)
summer '

Nicholas Negroponte (33%)
subtotal

ff
StaRichard Bolt (10%)

Robert Solomon (10%)
Christopher Herot (90%)

paul Pangaro (10%)

seth Steinberg (100%)

Bill Kelley (25%)
Administrative Assistant (25%)
Secretary (50%)

Subtotal

Benefits (24.5%)

Student Staff
Research Assistants (2.5)
Hourly Student Staff
UROP

Consultants
Dr. Gordon Pask

Materials and Services
Hardware Servicing
EDP Supplies
Electrical Supplies
Mechanical Supplies
Communications
Office Supplies
Printing Offset
Xerox (B&W)

Film and Video
Subtotal

.~ Publications
Equipment

Travel
Domestic
Foreign
Subtotal

MiScellaneous

Overhead (68%)
Tota)

7,100

2,100

3,490
3,160
20,500
2,000
20,100
7,100
3,500

5,700

2,500
4,600
6,900
1,250
2,000
3,600
1,350
2,800
2,800

5,200
2,300

7/1/80-6/30/81

9,200

65,550

18,314

32,400
6,500
11,000

12,000

27,800

50,000

7,500
1,150

78,720

320,134




9.3+5:1981=1982

Faculty
Academic Year
Nicholas Negroponte (25%)
Summer
Nicholas Negroponte (33%)
Subtotal

Staff
Richard Bolt (10%)
Robert Solomon (10%)
Christopher Herot (90%)
Paul Pangaro (10%)
Seth Steinberg (100%)
Bill Kelley (25%)
Administrative Assistant (25%)
Secretary (50%)
Subtotal

Benefits (24.5%)

Student Staff
Research Assistants (2.5)
Hourly Student Staff
UROP

Consultants
Dr. Gordon Pask

Materials and Services
Hardware Servicing
EDP Supplies
Electrical Supplies
Mechanical Supplies
Communications
Office Supplies
Printing Offset
Xerox (B&W)

Film and Video
Subtotal

Publications
Equipment
Travel
Domestic
Foreign
Subtotal
Miscellaneous

Overhead (68%)

Total

7,800
2,300

3,800
3,440
22,400
2,180
21,900
7,800
3,800

6,200

2,650
4,850
7,150
1,350
2,100
3,800
1,400
2,950
2,950

5,500
2,400

7/1/81-6/30/82

10,100

71,520

19,997

35,300
7,000
13,000

12,000

29,200
3,500
30,000

7,900
1,200

85,862

326+ : 




- tion of Footnotes in the Byg et
4 pxplands =

,nquipment purchases, planned 1977-1978:

A thin film transistor display $10,000
4K, 32-bit words, control store 9,000
1000 color monitor 6,000

quipment purchases, planned 1978-1982.

with the exception of footnote 3, we are not enumerating specific
surchase scl:ledules:. knowing the industry, that would be foolhardy. We
propose to 1r_1clude in our annual report a specification of intentions
that arise with the technologies. Our past experience has revealed that
we cannot seriously plan equipment line items more than eighteen months
Something always comes up that is a better product or

. A $20,000 surge in the equipment line item appears in the fourth year.
This reflects our best estimate of the availability of a large, flat
display, akin to, if not, the Litton Industries or Control Data displays
mentioned in subsection 5.4.5, Flat Displays. We would expect to start

‘the fall of 1980 with a large pixel system, preferably where the pixels
were memory as well as display elements.

Hourly staff refers usually to College Work Study Program (CWSP)
- matching funds. This figure is consequently multiplied five times in
real dollars (i.e., $25,000 the first year).

). There is no overhead on UROP stipends (subsection 7.2.4).

» Publications appear as a line item in the third year only. This is
d@scussed in section 5.5., Dissemination Program. Otherwise, publica-
tions are accounted for under "off set" and "Xerox" line items.

. The foreign travel indicated is usually that of Dr. Pask. In this first
- ¥ear, seemingly backwards in the ratio of domestic to foreign, we in-
Clude the IFIPS symposium mentioned in subsection 5.5.1, Publications
- Schedules and Plans.

* This line item is for a visiting committee to review the work done by

the midpoint of the proposal time period. This last footnote warrants
€xtended mention, if not a subsection. Our current work started with a
Visiting committee reviewing our work in March 1973. The participants
iT}Cluded: Ivan Sutherland, Herbert Simon, Alan Kay, and Gordon Pask,
With whom we have since worked extensively. Additionally, the colleagues
‘dSsembled (a second string, if you will) from other groups similar to
OUrs, included: valdimir Bazjanac (Berkeley), Steven Gregory (Utah),
Patrick Purcell (Royal College of Art, London).

ihese Visitors were accompanied by two NSF reviewers, Lou and Genevieve
atz,




The occasion served many purposes: not the least of which was the §;
ternal effect of rallyiggpround a grand deadline to make things tj

Since that occasion we have not re-enacted this scene,.with some
In part we have not been able to coincide with NSF review (if
proper); in part, we have not been ab}e to asse@ble a similar
characters. We submit that it is an lmportant item in our re
agenda and can serve NSF well in reviewing our work at the mi

this five-year proposa

r the total publication of the do

These funds would not cove
stead be read as a subventure.

envisaged. They should in
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