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Foreword

Movies did not flourish until the engineers lost control to
artists—or more precisely, to the communications craftsmen.
The same thing is happening now with personal computers.l

Think of the computer, not as a tool, but as a medium.?

This is a challenging book, one that offers an entirely new
perspective upon the development of the modern technolo-
gies of computation and communication. The main theme of
this multithemed book is that these technologies offer new
opportunities for creative, interactive experiences and, in par-
ticular, for new forms of drama. But these new opportunities
will come to pass only if control of the technology is taken
from the technologist and given to those who understand
human beings, human interaction, communication, pleasure,
and pain.

It is time for the engineers to go back to engineering. To
develop these new technologies, we need a new breed of cre-
ative individuals, most likely those associated with poetry,
writing, and theatrical direction. Who, asks Laurel, who bet-
ter understands human interaction than the dramatist? The
dramatic arts have a tradition of several thousand years in
thought, study, and experimentation with human experience
and with a variety of modes of interaction. Today, in the
absence of informed guidance, we stumble toward a new
technological era made possible by the emerging technolo-

1¥rom P. Heckel, The Elements of Friendly Software Design. New York:
Warner Books, 1984, p. 5. ‘

2From B. Laurel, Computers as Theatre, Chapter 5.
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haps providing new tools or new approaches. And we most
certainly should enjoy the experience of doing those activi-

ties.

This is a book to lead to reflection and pondering, espe-
cially if you are one of those folks involved in the develop-
ment of new technologies but also if you are one of the vast
majority who simply suffers. To appreciate this book fully
requires some knowledge of theatre and art, of new emerging
technologies, and of computer games. But most of all, it
requires an open and imaginative mind. The lessons of the
book are clear: There is much to learn from theatre.
Application of those lessons is not so clear—perhaps being
best left as real, practical exercises for the readers.

In a theatrical performance, we expect to have a begin-
ning, a middle, and an end. There should be a purpose or
goal to the activities, and events should all be understandable
with respect to some underlying theme or motif. Theatrical
interaction has peaks and valleys, perhaps even expressed by
means of a graph that starts low, peaks at the climax of the

occasion, and then comes back down to a graceful conclu-
sion. We can all understand how such a description makes
sense for a theatrical performance, or even for a computer
game. But what about for more mundane tasks: Mowing the
lawn? Writing an interoffice memo? Balancing a checkbook
or other account? Making up a shopping list? Why would we
expect to see some sense of excitement in these activities?
Where is the climax to a checkbook or shopping list?

But to ask these questions about those tasks is to miss the
spirit of the book. Sure, we will always have those kinds of
things to do, and sure, nothing is going to turn those activi-
ties into soaring drama. But maybe, just maybe, if we take the
lessons of this book seriously, we will take a much larger,
much higher view of human activities. Maybe the unit is the
day, from the slow waking up in the morning, to the discov-
ery of the day’s events, to some major fulfilling activity, to a
slow tapering off and resolution that enables us to end grace-
fully and fall asleep comfortable. Maybe the unit is an office

Foreword xiii
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group, working on a project from inception to completion,
with peak moments of experience in the midst that determine
the success or failure of the project.

We need to view each of our activities in a larger frame-
work. Then each single device can be built in a way that

activity and add to our enhancement of the task.

Some of you who work in the field called “human-com-
puter interaction” may be disappointed at firgt reading. You
may miss controlled studies and specific specifications. You

today are challenged and replaced.

For example, the three major emphases in current modern
computer system design can be summarized as follows:

* Design consistent objects and environments,

* Develop a metaphor for the task, tools, and actions and
make all activities consistent with that metaphor,

* Think of the computer as a tool.

Now consider three of Laurel’s “Rules of Thumb,” dis-
cussed in Chapter 5:

* Focus on designing the action. The design of objects,

environments, and characters is all subsidiary to this
central goal,

* Interface metaphors have limited usefulness. What you
gain now you may have to pay for later.

= Think of the computer not as a tool, but as a medium.

The current emphases make sense in today’s context
where design is for the small, for self-contained minute-by-
minute activities. But Laure] has a more cohesive goal in
mind. She emphasizes that which is large, the totality where
activities are intertwined with one another, where each indi-

xiv Foreword
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Preface

This book presents a dramatic theory of human-computer
activity. Usually, we think about interactive computing in
terms of two things: an application and an interface. In the
reigning view, these two things are conceptually distinct: An
application provides specific functionality for specific goals,
and an interface represents that functionality to people. The
interface is the thing that we communicate with—the thing
we “talk” to—the thing that mediates between us and the
inner workings of the machine. The interface is typically
designed last, after the application is thoroughly conceived
and perhaps even implemented; it is attached to a preexisting
bundle of “functionality” to serve as its contact surface.

This way of thinking about human-computer activity has
strongly influenced the discipline of interface design. It loads
the interface with responsibility for all aspects of a person’s
experience with a computer—sensory, cognitive, and emo-
tional. A scientific approach dominates the design of human-
computer interaction today. Such disciplines as cognitive
psychology, ergonomics, and optics have been drawn in to
support computer scientists in the task of designing inter-
faces for their applications. More recently, graphic and sound
design have been introduced into the interdisciplinary mix.
Although these artistic disciplines have gained some accep-
tance as elements of good design, contemporary design prac-
tice typically accommodates the arts as something
fundamentally alien to the computer landscape.

Certain problems in the design of human-computer activ-
ity seem particularly intractable in terms of “mainstream”
interface theory. What do we do about the feeling that people
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design. Unlike a strictly scientific approach, the notion of
designed experience leads to a design discipline in which
ideas like pleasure and engagement are not only appropriate
but attainable. It emphasizes the intrinsically interdisci-
plinary nature of design by blurring the edges between appli-
cation and interface and by incorporating insights and
techniques from artistic disciplines, especially drama and
theatre. By simply changing their vantage point, designers
steeped in computer science and traditional interface theory
may discover rich new sources of theoretical and productive
knowledge that can be brought to bear on the design of
human-computer activity.

Adopting a point of view that is relatively more “artistic”
than “scientific” does not mean that logic, specificity, or disci-
plined thinking must be abandoned—quite the contrary. The
first half of this book presents a general theory that can be
described as a poetics of human-computer activity. It employs
an analysis of the nature and uses of human-computer activi-
ty to extend and modify the theory of literary representations
presented in Aristotle’s Poetics. The Poetics defines form and
structure in drama and narrative literature and provides an
understanding of how structural elements can be combined
to create organic wholes. Its uses are both critical (under-
standing how such representations work) and productive
(how to make them). This book likewise attempts to provide
a comprehensive theory of form and structure for representa-
tions in which both humans and computers participate. By

examining the world of human-computer activity with the
same rigor and logic as Aristotle applied to the literary arts,
we can arrive at a set of principles that may provide greater
acuity, robustness, and elegance than the piecemeal science
that often guides the design of human-computer activity.
Roughly the second half of this book explores some of the
critical and productive implications of the theory in relation
to several key topics. The chapters in this section are intend-
ed to illustrate the applicability of the general theory in a
variety of contexts and to suggest some new design
approaches. As well as applying dramatic theory, these chap-

Preface w
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ters draw upon the work of such key researchers and
thinkers as Alan Kay, Scott Fisher, Teq Nelson, William
Buxton, Chris Schmandt, Susan Brennan, Myron Krueger,
and Donald Norman,

This book is written for people who concern themselves
explicitly with what people experience while interacting with
computers. Human-computer interface design is the “offi-
cial” discipline that treats these concerns. But the need for a
theory of human-computer experience obviously extends
beyond the interface community; indeed, a goal of that com-
munity is to raise the “interface” consciousness of a much
larger population, including software and hardware design-
ers, students of computer science, and builders of interactive
technology for a wide Spectrum of uses and contexts.
Although the book treats subjects that are generally consid-
ered to be in the “interface” domain, it is intended to be
accessible and usefu] to designers outside the anointed inter-
face community as well.

The only prerequisites for making use of the ideas in this
book are some éxposure to computers and a sensitivity to

er illuminating connections between their expertise and the
world of human-computer activity.

My goal in writing this book is to improve the quality of
human-computer experiences through new approaches to
their design. I began my computer career in the mid-1970s
while I was an actor and graduate student in theatre. From
my first job pProgramming interactive fairy tales on a little
home computer to my current work in multimedia and virtu-
al-reality systems, I have continually been struck by the rele-
vance of dramatic theory and practice to interactive media. A

xx Preface

Preface

continuing goal has been to probe, unFlerstand, ancl1 ,expla1§
these connections, to test my ideas against real-w'or'l ez(pe;d
ence with computers as a designer and asha partlﬁlpin ,V :1111
i f a theory that could be -
mbody them in the form o : . be v
;%IE; acrogls the whole spectrum of interactive apphcahor;s
and media. Whether you are designing an 1nterfa1c1e,t_an a%}; 1a
i ' blic-access installation,
cation, a computer game, a pu : :
marketing plan, it is my hope that this book can give you a
. o7
owerful new point of view. ' o
F Fundamenfally, this book is meanthtodg1\{e its freﬁ;lre;r;na
idering the design o -
new place to stand when consi 2f human
ivi ay to approach p
computer activity. It offers a new w . :
for v}\:hich traditional methods offer no clear soluzllon. It p;lc;_
vides designers with a conceptual framework and a Vcl)fawﬂ]
lary that are strongly focused on hu'man experience. ¢ will
enable interactivity designers to tap into the vast sfcﬁrle aczl e
of dramatic theory and technique. Hopgfglly, it will le
the design of human-computer activities that are }r\nore
usable, understandable, and engaging. Ultimately, thg t eog};
and techniques in this book may help to create new visions
what people can do with computers.

1As Alan Kay once said, “Point of view is worth 80 IQ points.”
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The Nature of the Beast

Representing Action

In 1962, the first computer game was invented by some hack-
ers at MIT. It was called Spacewar and it ran on a DEC PDP-1,
the world’s first minicomputer, connected to a CRT display.
Ore of the game’s designers explained that the game was
born when a group sat around trying to figure out “what
would be interesting displays” they could create for the CRT
with some pattern-generating software they had developed.
“We decided that probably, you could make a two-dimension-
al maneuvering sort of thing, and decided that naturally the
obvious thing to do was spaceships.” The MIT hackers
weren’t the only ones to invent Spacewar. As Alan Kay noted,
“the game of Spacewar blossoms spontaneously wherever
there is a graphics display connected to a computer” [Brand,
1974].

Why was Spacewar the “natural” thing to build with this
new technology? Why not a pie chart or an automated kalei-
doscope or a desktop? Its designers identified action as the key
ingredient and conceived Spacewar as a game that could pro-
vide a good balance between thinking and doing for its play-
ers. They regarded the computer as a machine naturally
suited for representing things that you could see, control, and
play with. Its interesting potential lay not in its ability to
perform calculations but in its capacity to represent action in
which humans could participate.
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The Nature of the Beast

computer through the knobs and dials on the front of massive
early machines like the ENIAC. The advent of punch cards
and batch processing replaced this direct human-computer
interaction with a transaction mediated by a computer opera-
tor. Time-sharing and the use of “glass teletypes” reintro-
duced direct human-computer interaction and led to the
command-line and menu-oriented interfaces with which the
senior citizens of computing (people over thirty) are probably
familiar. Walker attributes the notion of “conversationality” in
human-computer interfaces to this kind of interaction, where
a person does something and a computer responds—a tit-for-
tat interaction.

This simplistic notion of conversation led many early
interface specialists to develop a model of interaction that
treats human and computer as two distinct parties whose
“conversation” is mediated by the screen. But as advances in
linguistics have demonstrated, there is more to conversation
than tit-for-tat. Dialogue is not just linearized turn-taking in
which I say something, you go think about it and then you
say something, I go think about it, and so on. An alternative
model of conversation employs the notion of common ground,
described by Herbert H. Clark and Susan E. Brennan [1990]:

It takes two people working together to play a duet, shake
hands, play chess, waltz, teach, or make love. To succeed, the
two of them have to coordinate both the content and process of
what they are doing. Alan and Barbara, on the piano, must
come to play the same Mozart duet. This is coordination of
content. They must also synchronize their entrances and exits,
coordinate how loud to play forte and pianissimo, and other-
wise adjust to each other’s tempo and dynamics. This is coordi-
nation of process. They cannot even begin to coordinate on
content without assuming a vast amount of shared information
or common ground—that is, mutual knowledge, mutual
beliefs, and mutual assumptions [Clark and Carlson, 1982;
Clark and Marshall, 1981; Lewis, 1969; Schelling, 1960]. And to
coordinate on process, they need to update, or revise, their
common ground moment by moment. All collective actions are
built on common ground and its accumulation. [Clark and

Brennan, 1990]

Interface Evolution
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In her work in applying the notion of comm
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The Nature of the Beast

The notion of interface metaphors was introduced to pro-
vide people with a conceptual scheme that would guard
against such misunderstandings by deploying familiar objects
and environments as stakes in the common ground. But even
“good” metaphors don’t always work. For instance, in an
informal survey of Macintosh-literate university students,
many people failed to employ the word “desktop” anywhere
in their description of the Finder.! Where an interface
metaphor diverges significantly from its real-world referent,
people proceed by accounting for the behaviors of particular
“objects” on the screen with ad hoc explanations of system
operation, which are often incorrect—a “naive physics” of
computing [see Owen 1986]. In such cases, metaphors do not
serve as “stakes in the common ground,” but rather as cogni-
tive mediators whose labels may be somewhat less arcane
(but possibly more ambiguous) than a computer scientist’s

jargon.
Although interface metaphors can fail in many ways (as
discussed later in Chapter 5), their growing prevalence, espe-
cially in graphical interfaces, has expanded the domain of
interface design to admit contributions from specialists in
graphic and industrial design, linguistics, psychology, educa-
tion, and other disciplines. An important contribution of the
metaphorical approach has been to make interface design an
interdisciplinary concern. The next section focuses on two of
those “interdisciplines”: psychology and graphic design.

Interface Interdisciplines

Psychology is a familiar domain to dramatists, actors, and
other theatre artists because of its focus on human behavior.
Understanding how psychology and theatre are alike and

1The Macintosh Finder is an application for managing people’s file
systems and for launching other applications. It comes with the system
and is automatically launched when the machine is turned on. The Finder
was designed on the basis of a “desktop metaphor,” employing graphical
icons to represent individual files as “documents” and hierarchical
organizational units as “folders.”

Interface Interdisciplines 5
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and on through the 1980s, cognitive psychologists developed
perspectives on human-computer interaction that were more
critically focused on interface design than those of their col-
leagues in other branches of psychology. The work of Donald
A. Norman, founder of the Institute for Cognitive Psychology
at the University of California at San Diego, is especially illu-
minating. In the 1980s, Norman built a lab at UCSD that fos-
tered some of the most innovative and germane thinking
about human-computer interaction to date [see Norman and
Draper, 1986, for a collection of essays by members and associ-
ates of this group]. Norman’s perspective is highly task-
oriented. In his book, The Psychology of Everyday Things [1988],
Norman drives home the point that the design of an effective
interface—whether for a computer or a doorknob—must
begin with an analysis of what a person is trying to do, rather
than with a metaphor or a notion of what the screen should
display.

Norman’s emphasis on action as the stuff that interfaces
both enable and represent bores a tunnel out of the labyrinth of
metaphor and brings us back out into the light, where what is
going on is larger, more complex, and more fundamental than
the way the human and the computer “talk” to each other
about it.

Norman’s insights dovetail nicely with those of the “com-
mon ground” linguists, suggesting a notion of the interface
that is more than screen-deep. The interface becomes the
arena for the performance of some task in which both human
and computer have a role. What is represented in the interface
is not only the task’s environment and tools but also the pro-
cess of interaction—the contributions made by both parties
and evidence of the task’s evolution. I believe that Norman’s

. analysis supports the view that interface design should con-

cern itself with representing whole actions with multiple agents.
This is, by the way, precisely the definition of theatre.

Norman has also been a key figure in the development of
another pivotal interface concept, the idea of direct manipula-
tion. Direct manipulation interfaces employ a psychologist’s
knowledge of how people relate to objects in the real world in
the belief that people can carry that knowledge across to the

Interface Interdisciplines 7
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is what is required to produce the feeling of taking action
within a representational world, stripped of the “metacon-
text” of the interface as a discrete concern. Hutchins et al. sum
it up this way: “Although we believe this feeling of direct
engagement to be of critical importance, in fact, we know little
about the actual requirements for producing it.” Nevertheless,
their analysis as well as Shneiderman’s [1987] provide many
valuable insights and useful examples of the phenomenon.

If we remove Shneiderman’s clause regarding labeled but-
ton presses (because in many cases buttons are the artifacts of
a pernicious interface metacontext), then the sense of direct-
ness can be boiled down to continuous representation, “physi-
cal” action, and apparent instantaneity of response. Apparent
instantaneity depends upon both processing speed and the
elimination of representations of intermediate activities in
design. In the analyses of both Shneiderman and Hutchins et
al., continuous representation and physical action depend
heavily upon graphical representation. In fact, Hutchins et al.
identify the granddaddy of direct manipulation as Ivan
Sutherland’s graphical design program, Sketchpad
[Sutherland, 1963]. Graphical (and, by extension, multisenso-
ry) representations are fundamental to both the physical and
emotional aspects of directness in interaction. Hence, it is
worthwhile to examine the role and contributions of graphic
design in the interface domain.

In many ways, the role of the graphic designer in human-
computer interaction is parallel to the role of the theatrical
scene designer. Both create representations of objects and
environments that provide a context for action. In the case of
theatre, the scene designer provides objects like teacups and
chairs (“props”), canvas-covered wooden frames that are
painted to look like walls (“flats”), and decorative things like
draperies and rugs (“set dressing”). The behaviors of these
elements is also designed—doors open, make-believe bombs

explode, trick chairs break in barroom brawls. The lighting
designer uses elements like color, intensity, and direction to
illuminate the action and its environment and to focus our
attention on key areas and events.

Interface Interdisciplines 9
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Both scene and light designers use such elements as line
§hadow, color, texture, and style to suggest such contextual,
information as place, historical period, time of day, season
mood, and atmosphere. Theatrical designers also, ,
mgtaphqr (and amplify the metaphors provided by the play-
wright) in the'design of both realistic and nonrealistic piI::ce};'
the looming cityscape around Willy Loman’s house in Death.
of a Salesrrfan metaphorically represents his isolation and the
deat}} of his dreams; abstract webs of gauzy fabric suggest th
multl'ple lzflyers of illusion in the personality of Peer G%lit )

Likewise, in the world of interfaces, the graphic des'i ner
renders fhe objects and environments in which the actioi of
the application or system will occur, imparting behaviors to
some objects (like zoom-boxes and POp-up menus) and repre-
senting both concrete and ephemeral aspects of confext
tbrough the use of such elements as line, shadow, color, inten-
sity, te'xture, and style. Such familiar metaphors as de,skto s
and windows provide behavioral and contextual cues aboEt
the nature of the activity that they support.

_ Both theatrical design and graphical interface design are
a1med’ at creating representations of worlds that are like reality
only different. But a scene design is not a whole play—for that
we algo need representations of character and action
Likewise, the element of graphical design is only part of thé
whole representation that we call an interface,

employ

Throw the Baggage Out

The preYious section picks up some of the more promising
threads in the evolving discipline of interface design. It also
suggests that these elements alone may not be sufficient in
f:i(?ﬁm.ng the nature of human-computer interaction or in real-
izing it effectively, and it recommends theatre as an additional
perspective. But it may not be productive for theatre people
simply to join all the other cooks in the kitchen, I want to take
the argument a step further and suggest that the concept of

interface itself is a hopeless hash, and that we mj
: ’ might
to throw it out and begin afresh. ght do better
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A Definitional Digression

My frustration with the notion of the interface is as old as my
involvement with computers. Perhaps the best way to explain
it is to take a short excursion through the history of my per-
sonal view. I became involved with computers as a way to
support myself while I was a graduate student in theatre. I
thought that my career was going to take me to the stage,
either as an actor or as a director. But a life in the theatre
promised little in terms of income, and when a friend of mine
started a little company to create computer software in 1977, 1
jumped at the chance to bolster my survival potential with
some technical skills.

I became a software designer and programmer, working
primarily on interactive fairy tales and educational programs
for children. The company was called CyberVision, and the
machine was a lowly 1802 processor with a four-color, low-
resolution display and an alphanumeric keypad. The
CyberVision computer was cassette-loaded with 2K of RAM,
and it had the capacity to synchronize taped audio with ani-
mation on the screen. My first “feature” was an interactive,
animated version of Goldilocks. Later, I created the first lip-
synching on a microcomputer for a game of Hangman in
which the evil executioner delivered menacing lines in a
Transylvanian accent (all this with only sixteen lip positions). I
immediately became immersed in translating my knowledge
of drama and theatre to the task at hand because the two
media were so obviously alike.

When CyberVision folded to its competition (an upstart
company called Atari), I asked my boss to help me think
about what kind of job to look for next. He said, “Why don’t
you go work for a bank? They need people to help design
automated teller machines.” “I don’t know anything about
that,” 1 cried. “Of course you do,” he replied. “That’s human
factors.” In response to my blank look, he elaborated: “That’s
making computer things easy for people to use.”

What a concept!

I ended up going to work for Atari, not for a bank, but the
notion of ease of use as a design criterion fit neatly and

A Definitional Digression 11
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permanently into my developing intuitions about how the-
atrical expertise could inform the art of designing software.
There’s nothing between the audience and the stage but some
good illusion. Clearly, I was on the right track. But I hadn’t
run into the other “i” word yet.

After a few years in the software branch of the Atari home
computer division, I decided to take time out to sit down and
think through what I had come to believe about computers
and theatre. (I also needed to begin my dissertation, which I
had decided would be on that subject.) Alan Kay gave me the
opportunity to do so in his research lab at Atari. “Interface”
was every other word in the conversations of the bright
young MIT wizards that populated the lab. I dimly perceived
that there must be more to it than ease of use, and so signed

up for a weekly seminar that one of the psychologists on the
staff was conducting on the subject.

Models of the Interface

The seminar began by looking at how the concept of interface
was typically understood by people in the computer field.
Figure 1.1 shows a schematic model of the interface. The shad-
ed rectangle in the middle represents the interface, which
€ncompasses what appears on the screen, hardware
input/output devices, and their drivers,

Compelling as its simplicity might make it, this mode]
was immediately dismissed by everyone in the group. In
order for an interface to work, the person has to have some

Person Computer

Interface
Figure 1.1 The pre-cognitive-science view of the interface.
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Figure 1.2 The mental-models view. The thought bubbles and
their contents are considered part of the interface.

idea about what the computer expects and can handle, a}rlmdt
the computer has to incorporate some uleormatlon a]lzﬁut w m;ao
the person’s goals and behaviors are hffely to be. These °
phenomena—a person’s “mental model” of the computer ztan !
the computer’s ”understandin‘g” of the person—are jus ai-
much a part of the interface as its .phys1ca1 and sensory m?n

festations (Figure 1.2). However, in order to use an interface

] . i ion” i he mental-models
Figure 1.3 The “horrible recursion” version of t ital-n
viiw of the interface. More bubbles could be added ad infinitum.
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ngure 1.4' A simple model of the interface, circa 1989, In this
view, the? interface is that which joins human and computer,
conforming to the needs of each ’

correctlly, you must also have an idea of what the computer is
expecting you to do. If you are going to admit that what the
two parties “think” about each other is part of what is goin

on, you will have to agree that what the two parties thinl%
gbout what the other is thinking about them must perforce be
included in the model (Figure 1.3). This elaboration has dizzy-
Ing ramifications. )

Faced with this nightmare, our seminar at Atari aban-
doned the topic, and we turned our attention to more man-
ageable concepts, such as the value of multisensory
representations in the interface.

Over‘ the years, I have frequently observed interface work-
ers backing away from such gnarly theoretical discussions in
favor of the investigation of more tractable issues of technique
and te?chnology—such subjects as direct manipulation, error
hapdhx‘\g, user testing, on-line help functions, graphic’:s and
animation, and sound and speech. The working definition of
the interface has settled down to a relatively simple one—how
humans and computers interact—but it avoids the
central issue of what this all means in terms of reality and rep-
resentation (Figure 1.4). P

It occurs to me that when we have such trouble defining a

concept, it usually means that we are barking up the wron
tree. 5

The World's a Stage

For purposes of comparison, let’s take a look at the theatre.
We have obsgrved that the theatre bears some similarities to
interface design in that both deal with the representation of

1
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action. Drama, unlike novels or other forms of literature,
incorporates the notion of performance; that is, plays are meant
to be acted out. A parallel can be seen in interface design. In
his book The Elements of Friendly Software Design [1982], Paul
Heckel remarked, “When I design a product, I think of my
program as giving a performance for its user.” In the theatre,
enactment typically occurs in a performance area called a
stage (Figure 1.5). The stage is populated by one or more
actors who portray characters. They perform actions in the
physical context provided by the scene and light designers.
The performance is typically viewed by a group of observers
called an audience.

Part of the technical “magic” that supports the perfor-
mance is embodied in the scenery and objects on the stage
(windows that open and close; teacups that break); the rest
happens in the backstage and “wing” areas (where scenery is
supported, curtains are opened and closed, and sound effects
are produced), the “loft” area above the stage, which accom-
modates lighting instruments and backdrops or set pieces that
can be raised and lowered, and the lighting booth, which is
usually above the audience at the back of the auditorium. The
magic is created by both people and machines, but who, what,
and where they are do not matter to the audience.

It's not just that the technical underpinnings of theatrical
performance are unimportant to audience members; when a
play is “working,” audience members are simply not aware of
the technical aspects at all. For the audience member who is

Backstage area

ien ;
Audience and wings

stage

00000

Figure 1.5 Plan view of a typical proscenium theatre.
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A
A

Audience

A Stage

00000

Figure 1.6 For the audience, what's happening on the stage is all
there is. The triangles represent the actors.

engaged by and involved in the play, the action on the stage is
all there is (Figure 1.6). In this sense, plays are like movies:
When you are engrossed in one, you forget about the projec-
tor, and you may even lose awareness of your own body.
For the actor on stage, the experience is similar in that every-
thing extraneous to the ongoing action is tuned out, with the
exception of the audience’s audible and visible responses,
which are often used by the actors to tweak their performance
in real time (this, by the way, reminds us that theatrical audi-
énces are not strictly “passive” and may be said to influence
the action). For actor and audience alike, the ultimate “reality”
is what is happening in the imaginary world on the
stage—the representation.

As researchers grapple with the notion of interaction in
the world of computing, they sometimes compare computer
users to theatrical audiences. “Users,” the argument goes, are
like audience members who are able to have a greater influ-
ence on the unfolding action than simply the fine-tuning pro-
vided by conventional audience response. In fact, I used this
analogy in my dissertation in an attempt to create a model for
interactive fantasy. The users of such a system, I argued, are
like audience members who can march up onto the stage and
become various characters, altering the action by what they
say and do in their roles.

Let’s reconsider for a minute. What would it be really like
if the audience marched up on the stage? They wouldn't
know the script, for starters, and there would be a lot of awk-
ward fumbling for context. Their clothes and skin would look

16
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Ao ©

OA vo

Stage

Figure 1.7 Putting the audience on the stage creates confusion.

funny under the lights. A state of pgnic would seiz_e the acto;s
as they attempted to improvise action that. could incorporate
the interlopers and still yield something thaié had fany
dramatic integrity. Or perhaps it would .degene.rate into a rte}:e-
for-all, as performances of avant-garde interactive plays in the
1960s often did (Figure 1.7). ‘ N .

The problem with the audience-as-actlve;-partmpant 1.dea
is that it adds to the clutter, both psychological and phys1ca.1.
The transformation needs to be subtractive rather tl_\an add}—
tive. People who are participating in the representation aren’t
audience members anymore. It’s not that the audience joins
the actors on the stage; it’s that they become actors—and the
notion of “passive” observers disappears. o

In a theatrical view of human-computer activity, the stage
is a virtual world. It is populated by agents, both human and
computer-generated, and other elements of the representa-
tional context (windows, teacups, desktops, or whatjhave-
you). The technical magic that supports the representation, as
in the theatre, is behind the scenes. Whether the magic is cre-
ated by hardware, software, or wetware is of no consequence;
its only value is in what it produces on the ~ stage. In o.ther
words, the representation is all there is (Figure 1.8). Think of it as
existential WYSIWYG. 4

AWYSIWYG stands for “what you see is what you get,” coined by Warren
Teitelman at Xerox PARC. It has been held up as a paradlgm for direct-
manipulation interfaces, but some theorists hgve contested its .value (see;
for instance, Ted Nelson’s article, “The Right Way to Think Abou
Software Design” in The Art of Human-Computer Interface Design.
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Fzgz.tre 1.8 An alternate view of human-computer interaction, in
which the representation is all there is, The triangles represent

agents of either human or computer-generated types, and the other
shapes are other objects in the virtual environment. The shape of

the “stage” is oval, like the beam of i
' , a spotlight, to suggest th
that matters is that which is “illuminated.” - % el

Theatre as an Interface Metaphor

The idea of human-computer activity suggests a number of
Interesting corollaries. Since all action is confined to the world
of the representation, all agents are situated in the same con-
text, have access to the same objects, and speak the same lan-
guage. Participants learn what language to speak by noticing
what is understood; they learn what objects are and what they
do by playing around with them. A good example of this
approach is a system called Programming by Rehearsal, devel-
oped by Laura Gould and William Finzer at Xerox P;\RC in
1983 and 1984. The system is a visual programming environ-
ment based on a dramatic metaphor. There are some problems
with the application of the metaphor per se5 but the principle

5Particularly troublesome is th
and a “smart” stage into anot
capability stretches the meta
example effectively blurs the
alerts us to the fact that the te

e idea of combining a group of performers
her performer. This'is a case where a novel
Phgr to its breaking point. This particular
distinction between stage and performer and
rms are being used “only” metaphorically.
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of “the representation is all there is” is applied consistently
with powerful results:

Two significant obstacles to learning a programming language
are mastering the language’s syntax and learning the
vocabulary. In the Rehearsal World, the designers rarely have to
know either the syntax or the vocabulary as most writing of
‘code is done by watching. [Finzer and Fitzer, 1984]

A more recent attempt to employ a theatrical metaphor for
an authoring system is Ellis Horowitz’s SCriptWriter system,
developed at the University of Southern California in 1987
and 1988 [Horowitz, 1988]. Horowitz’s system further illus-
trates the distinction between using theatre as an interface
metaphor and using it in the deeper way that this book advo-
cates—as a fundamental understanding of what is going on in
human-computer interaction.

As a metaphor, Horowitz’s system successfully employs
notions like “director” (as the code of a program generated by
his system) and “rehearsal” (in the same way that Gould’s
system employs the notion of programming by rehearsal). But
Horowitz's interface falls off the edge of its own metaphor in
several ways. Programming actions like “cast” and “rehearse”
are intermixed with traditional computerese terms like “edit,”
“list,” and “print,” failing on the level of consistency. The
most disturbing inconsistency is the notion of treating a
screen as a “player.” His player concatenates the notions of
stage, scenery, actors, and dialogue in a concept where the
locus of agency is so dispersed as to be invisible. Furthermore,
the notion of human agency—the other kind of “player” that
may act upon a “stage”—is absent in Horowitz’s conceptual-
ization. The system does not support a notion of action that
integrates human agency into the whole but rather leaves this
aspect of design entirely up to the author.

Interactivity and Human Action

The idea of enabling humans to take action in representational
worlds is the powerful component of the programming-by-
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rehearsal approach. It is also what is missing in most attempts
to use theatre simply as an interface metaphor. A central cI?al
of this book is to Suggest ways in which we can use a no%ion
of theatre, not simply as a metaphor but as a way to conceptu-
alize humgn-computer interaction itself, P
chusmg on human agency allows us to simplify another
.co.ns§stent1y troublesome concept, the notion of “interact-
tvity.” People in the computer game business have been argu-
Ing about it for over a decade. In 1988, Alexander Associ;gtes
Sponsored INtertainment, the first annual conference bringin
together people from all corners of the interactive enter{gainf%
ment business. People came from such diverse industries as
personal computers, video games, broadcast and cable televi-
sion, optical media, museums, and amusement parks. Over
the course of the two days, a debate about the meaning.of the
word “interactive” raged through every session, disruptin
carefully' planned panels and presentations. Peoplle seemI:d tg
regard ”3nteractivity” as the unique cultural discovery of the
electronic age, and they demanded a coherent definition
Sevgral speakers tried to oblige, but no one succeeded in re-.
sent-m.g a definition that achieved general acceptance. M}a)n
Eartlmpants departed angry and dissatisfied. Could it be the
wrong tree” problem again?
- In thg past, I've barked up that same tree. | posited that
Interactivity exists on a continuum that could be characterized
by three variables: frequency (how often you could interact)
range (how many choices were available), and significancé
(how much the choices really affected matters) [Laurel, 1986a
and b]. A not-so-interactive computer game judged b}ll these
standards would let you do something only once in a while
wguld give you only a few things to choose from, and the.:
things you could choose wouldn’t make much diff;erence to
the whole action. A very interactive computer game (or desk-
1top orttﬂig}c;t simulator) would let you do something that real-
y mattered at any time, and it i
think of—just likeyreal life. el be anyihing you could
_ Now I believe that these variables provide only part of the
plcture: There is another, more rudimentary measure of
Interactivity: You either feel yourself to be participating in the
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ongoing action of the representation or you don’t. Successful
orchestration of the variables of frequency, range, and signifi-
cance can help to create this feeling, but it can also arise from
other sources—for instance, sensory immersion and the tight
coupling of kinesthetic input and visual response. If a repre-
sentation of the surface of the moon lets you walk around and
look at things, then it probably feels extremely interactive,
whether your virtual excursion has any consequences or not.
It enables you to act within a representation that is important.
Optimizing frequency and range and significance in human
choice-making will remain inadequate as long as we conceive
of the human as sitting on the other side of some barrier, pok-
ing at the representation with a joystick or a mouse or a virtu-
al hand. You can demonstrate Zeno’s paradox on the user’s
side of the barrier until you're blue in the face, but it’s only
when you traverse it that things get real b
The experience of interactivity is a thresholdy phe-
nomenon, and it is also highly context-dependent. The search
for a definition of interactivity diverts our attention from the
real issue: How can people participate as agents within repre-
sentational contexts? Actors know a lot about that, and so do
children playing make-believe. Buried within us in our deep-
est playful instincts, and surrounding us in the cultural con-
ventions of theatre, film, and narrative, are the most profound
and intimate sources of knowledge about interactive represen-
tations. A central task is to bring those resources to the fore
and to begin to use them in the design of interactive systems.
So now we have at least two reasons to consider theatre as
a promising foundation for thinking about and designing
human-computer experiences. First, there is significant over-
lap in the fundamental objective of the two domains—that is,
representing action with multiple agents. Second, theatre sug-
gests the basis for a model of human-computer activity that is
familiar, comprehensible, and evocative. The rest of this book

6Zeno’s paradox (called the theory of limits in mathematics) says that you
can never get from here to there because you can only get halfway, then
halfway of halfway, etc. Mathematics offers a solution; so does common
sense. But the paradox is compelling enough to have interested logicians
and mathematicians for centuries.
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will explore some of the theoretical and practical aspects of
theatre that can be directly applied to the task of designing
human-computer experiences. But there are a few more stones
to be turned in arranging the groundwork for this discussion.

Is Drama Serious Enough?

Because theatre is a form of entertainment, many people see it
as fundamentally “non-serious.” I have found that computer-
scu.ence—oriented developers exhibit a high resistance to a the-
atrical approach to designing human-computer activity on the
grounds that it somehow trivializes “serious” applications
Graphic designers undoubtedly have had to wrestle with the:
same sort of bias, design being seen not as a task of represen-
tation bpt one of mere decoration. Decoration is suspect
because it may get in the way of the serious work to be done.
(T.he same argument was used a few decades ago to ban
bright colors, potted plants, and chatchkas from the work-
place-:but that’s another story.) The fact of the matter is that
graphics is an indispensable part of the representation itself
as amply demonstrated by the Macintosh and other contem:
porary computing environments.

The no-frills view that permeates thinking about the inter-
fa;es of “serious” applications is the result of a fundamental
rfusunderstanding of the nature of seriousness in representa-
tions. The idea that theatre is “really not real” and is therefore
1.msu.1ted as an approach to serious human-computer activities
is m}sguided, because those activities are “really not real” in
prec1.se1y the same ways. Without the representation, there is
nothing at all-—and theatre gives good representation.,

Hun}an-computer activity may be divided into two broad
categories: productive and experiential [Laurel, 1986b]
Experiential activities, such as computer games, are 1:1nd/ertak-'
en purely for the experience afforded by the activity as you
engage in it, while productive activities such as word prochs—
ing have outcomes in the real world that are somehow

beyond the experience of the activity itself. They are often
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mistakenly defined in terms of their artifacts—a printed docu-
ment or a spreadsheet filled with numbers. But seriousness is
not equivalent to concreteness. A printed paper (such as a
page in this book, for example) has “real” implications (for
example, transmitting knowledge, changing how something
is done, receiving a grade, or getting paid) even though it is
itself a representation. “Productivity” as a class of applications
is better characterized not by the concreteness of outcomes
but by their seriousness vis-a-vis the real world.

There is a parallel here with seriousness as an aspect of
drama. In formal terms, “serious” treatments of subjects are
reserved for tragedy (and in some senses, melodrama) and
7"non-serious” treatments are found in melodrama, comedy,
farce, and satire. Here again, although the plays themselves
are representations, seriousness depends largely on the conse-
quences of the actions represented in them. In a serious
work—in Hamlet for instance—falling down (as Ophelia does
after her father’s death) has serious consequences both physi-
cally and symbolically; in a farce, falling down (tripping over
a piece of furniture or slipping on a banana peel, for instance)
causes no permanent injury or pain to the agent.

To trace these effects through to the real world, we need to
Jook at their impact on audiences. Ophelia’s fall and its sym-
bolic meaning impart information about suffering, revenge,
and the consequences of evil that can be contemplated,
absorbed, and acted upon by an audience. The fall of a clown,
on the other hand, may arouse laughter and ephemeral plea-
sure; it may also, as in more thoughtful flavors of comedy,
communicate a philosophical view (for example, a lightheart-
ed attitude toward random accidents). Seriousness in both
theatre and human-computer activities is a function of the
subject and its treatment in both formal and stylistic terms.
Drama provides means for representing the whole spectrum
of activity, from the ridiculous to the sublime.

Another objection to a theatrical approach is that theatre
by its very nature is “fuzzy,” while serious applications of
computers require crystal clarity. The connotation of fuzziness
probably derives from drama’s emphasis on emotion—

Is Drama Serious Enough? 23




Computers as Theatre

subjective experience—while serious productivity is seen to
require undiluted objectivity. Yet such “serious” tasks as for-
matting a paper for publication or designing a business plan
f'or. a new product can involve a far greater degree of subjec-
tivity (in terms of creativity and evaluation, for instance) than
“objective” skill and action (cutting and pasting, typing, and
mousing around). At the farthest extreme, the notion that seri-
ous applications require objectivity, clarity, and precision is
use?d as a rationale for rejecting natural-language interaction.
Thls is because the success of machine understanding, at least
in leading contemporary approaches, is probabilistic, whereas
the understanding of symbolic logic (in mathematical or
numerical representations) is seen to be unambiguous.

Yet people often drown in precision because of the com.-
plexity and artificiality of its expression (both lexical and syn-
tactic). From the adventure-gamer grappling with a parser to
the inexperienced UNIX user trying to “alias” a complicated
e.-mail address, people experience the requirement for preci-
sion as troublesome. This is no secret; the problem is com-
monly acknowledged and wrestled with by most interface
designers [for example, see Rubinstein and Hersh, 1984
Chapter 6]. What may stop them from making a foray into thé
world of dramatic representation is the view that drama is
fundamentally imprecise and therefore prone to error (both in
terms of interpretation and subsequent action), while people
require 100 percent success in all of their communications
with computers. My experience suggests that, in the vast
majority of contexts, this simply isn’t true.

The imprecision of dramatic representation is the price
people pay—often quite enthusiastically—in order to gain a
kind of lifelikeness, including the possibility of surprise and
delight. When “imprecision” works, it delivers a degree of
success that is, in balance against the effort required to
achieve it, an order of magnitude more rewarding than the
precision of programming, at least for the nonprogrammer.
When it doesn’t work (as in the case of a parser error), how it
1s experienced depends heavily upon how the system handles
the failure. "I DON'T UNDERSTAND THAT WORD" disrupts
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and frustrates; an in-context response based on the most prob-
able interpretation imitates a normal conversational failure
and opens the way to methods of repair that are quite natural
to use [see Brennan 1990b].

Both the frequency and robustness of the system’s suc-
cesses figure into the calculation of its value. A system that
achieves only a moderate success rate (and no catastrophic
failures) may be enthusiastically received if the successes are
big ones, the effort required is minimal, and the overall expe-
rience is engaging. Chris Schmandt of the MIT Media Lab has
developed a system that provides an extreme example. Grunt
provides instructions for reaching a destination to the driver
of a car. The system delivers directions via synthesized speech
over a telephone. It listens to the driver for questions and cues
about how well the driver has understood what it says. The
trick is that the system is only listening to utterance pitch and
duration and the duration of pauses—it doesn’t understand a
single word. Despite its low success rate (about 20 percent),
Grunt has been received positively by most of its test users
[see Schmandt, 1987 and 1990]. This is especially interesting in
light of the fact that driving is viewed by most as a fairly seri-
ous activity, with strong real-world repercussions.

Seriousness in human-computer activities is a thresholdy
thing. “Serious” and “non-serious” or “playful” activities can
occur within the same context and at different stages in the
same basic activity. I fool around with the layout of a docu-
ment, for instance, experimenting with different fonts and
paragraph styles, the placement of illustrations, perhaps even
the structural divisions of the paper. At the point at which I
make a creative decision and wish to implement a certain
aspect of the design, I experience a “mode swing”
(like a “mood swing,” only different) toward greater “serious-
ness.” [ may then swing back to a “fooling around” mode as I
evaluate the effects of a choice on the evolving document. In

Guides, a research project at Apple investigating interfaces to
multimedia databases, user testing revealed that people tend
to move back and forth between browsing and focused
searching “modes.” They look around, then follow a line of
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inv.estigation in an orderly and goal-directed fashion for a
\yh1}e, then begin to browse again. Apple researchers recorded
similar behavior in the use of information kiosks that they
%nstalled at CHI 89 [Salomon, 1989]. Most of us have had sim-
11_ar ex.periences with encyclopedias, magazines, or even dic-
tionaries.

.The Guides project at Apple demonstrates this point.
Guides was an investigation into the design and use of inter-
faf:e agents—computational characters that assist and interact
with people. Most people who used the prototype Guides sys-
tem were quite pleased to have the suggestions of the various
guide characters about possible next moves in the database
and to hear first-person stories that revealed a point of view
about the content. They saw the guides as a great enhance-
ment to the experience of browsing. At the same time, many
saw the guides as impediments to goal-directed sea;ching'
the?t is, when they knew what they were looking for, thé
guu.:les seemed to get in the way. There was simply too much
indirection. One had to hope that the guide was ”smart”
enoug_h to figure out what was sought and not to overlook
anything relevant, and there was no way to find out for sure
how well the guide was doing. There was also no way to
chunk the guides’ stories or to search through them with effi-
ciency or acuity for smaller pieces of information. The Guides
researchers were tempted to view these results as a need for a
clearer, more “objective” approach to goal-directed searching.

In fact, that was only part of what people wanted. Many

expressed the desire to be able to say to a guide, “go find this
and only this and don’t bother telling me how you feel about
it,” but there was no way to have such a conversation. The
problem arose precisely at the threshold of “seriousness” that
is crossed when shifting from an experiential mode (browsing)
to an instrumental mode (goal-directed searching). There are
two basic approaches to a solution. The first is to shift the
locus of control from delegation to direct human agency. This
approach would replace the guides with a representational
environment containing the means for people to search the
database themselves by topic or keyword. It corresponds
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roughly to the concept of a library, where you can move
around among shelves of books that are arranged topically,
occasionally picking one up and leafing through it. Of course,
the virtual library is augmented by representation-
al magic—books open to a page indicated by spoken key-
words, stairs need not be climbed, and there is always enough
light.

The second approach is to create a kind of agent that is
capable of understanding a person’s goal and delivering a suc-
cessful result smoothly and efficiently—a kind of augmented
reference librarian. Such an agent could theoretically deliver a
bigger win in a couple of ways. First, it could preserve conti-
nuity in the representational context by continuing to employ
agents. Second, it could still shift the locus of control to the
person by making the searching agent more explicitly sub-
servient and responsive. Third, it creates the possibility for
results beyond those that could be achieved by a person exam-
ining the database in the first person—no matter how magical
the virtual library might be, searching it thoroughly would
quickly exceed the human thresholds for both tedium and
complexity. For instance, a searching agent might not only look
at the topical index but also access topical data that might be
associated with smaller chunks of information—data that
would be too numerous for a person to examine in detail. A
searching agent might then provide an array of possible infor-
mation sources as the result of its search, each cued up to the
most relevant chunk. Here the potential for surprise and
delight is optimized, making the experience more pleasurable.
Such powers of agents will be discussed in greater detail in the
section on agents in Chapter 5.

In summary, a dramatic approach need not be fuzzy or
imprecise in its ability to produce results. It is potentially
capable of supporting both serious and nonserious activities.
Its evocative powers and even its ambiguities can be har-
nessed to enhance rather than to impede a person’s serious
goals, and to create the possibility of surprise and
delight—things that are rarely produced by exhaustive
responses to crystal-clear specifications.
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~ For many people whose way of working can be character-
ized as objective or scientific, the idea of employing an artistic
approach is troublesome. It's hard to say how artists do what
they.do. The process seems to consist largely of imagination
and inspiration, and there seems to be no forthright depend-
able methodology. Yet, as we observed in the Forev:/ord and
as we will expand upon in the next chapter, there are wa,ys in
which art is “lawful”; that is, there are formal, structural and
causa_ll dimensions that can be identified and used ,both
descriptively and productively. The final goal of this chapter

is to jt_Jstify taking an artistic approach to the problem of
designing human-computer activity.

An Artistic Perspective

In his seminal book, The Elements of Friendly Software Desion
[1982], Paul Heckel characterizes software design as primaréi;Iy
concerned with communication. He observes that “among all
the art forms that can teach us about communication, the most
appropriate is filmmaking.” Heckel chooses filmmaking as an
example over older forms (such as theatre) because it “illus-
trates the transition from an engineering discipline to an art
fo.rm.” He goes on to observe that movies did not achieve
Wl.de popular success until artists replaced engineers as the
primary creators. Heckel’s book is filled with references to
illusion, performance, and other theatrical and filmic
rpetaphors with software examples to illustrate each observa-
tion. He gives the use of metaphor in interface design a differ-
ent twist by employing filmmaking, writing, acting, and other
“communication crafts” as metaphors for the process of soft-
ware design.

In 1967, Ted Nelson examined the evolution of film in
qrder to understand how the new medium he envi-
gloned—hypertext—should develop. In considering the ways
in which the_ stage had influenced film, he noted
that “stage content, when adapted, was appropriate and use-
ful, while stage techniques (such as the notion of a proscenium
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and an insistence on continuous action within scenes) were not
[Nelson in Schecter, 1967]. From the vantage point of 1990, we
can see a migration of both techniques and content from film
into the computer medium. If one takes the theatre and the
film medium as subsets of a larger category, as representations
of action in virtual worlds, then another key similarity
between these media and computers is their fundamental ele-
ments of form and structure and their purpose.

Both Heckel and Nelson draw our attention to the centrali-
ty of “make-believe” in the conception and design of software.
An engineer’s view of software design is rooted in logic, realiz-
ing an orderly set of functions in an internally elegant pro-
gram. In Heckel’s view, the better approach is rooted in vision,
which realizes an environment for action through evocative,
consistent illusions. According to Nelson, it is the creation of
“virtualities”—representations for things that may never have
existed in the real world before [Nelson, 1990]. The role of
imagination in creating interactive representations is clear and
cannot be overrated. In an important sense, a piece of comput-
er software is a collaborative exercise of the imaginations of the
creator(s) of a program and people who use it.

Imagination supports a constellation of distinctively
human phenomena that includes both symbolic thinking and
representation-making. There is a story about a monkey and
some bananas that every undergraduate psychology student
has heard. A researcher places a monkey in a room with a
bunch of bananas hanging from the ceiling and a box on the
floor. The monkey tries various ways of getting the
bananas—reaching, jumping, and so on—and eventually
climbs up onto the box. A person in a similar situation would

rehearse most of the possible strategies in her head and
actively pursue only those that seemed promising, maybe
only the successful one. For the monkey, the focus of attention
is the real bananas; for the human, it's what’s going on inside
her head. Imagination.is a shortcut through the process of trial
and error.

But imagination is good for much more than real-world
problem solving. The impulse to create interactive representa-
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tions, as exemplified by human-computer activities, is only
the most recent manifestation of the age-old desire to make
whajt we imagine palpable—our insatiable need to exercise
our intellect, judgment, and spirit in contexts, situations, and
even personae that are different from those of our ever,yda
l{ves. When a person considers how to climb a tree, imagina}j
tion serves as a laboratory for virtual experiments in physics
blqmechanics, and physiology. In matters of justice, art 01:
philosophy, imagination is the laboratory of the spirit. Y

What we do in our heads can be merely expedient or far-
reaching, private or intended for sharing and communication
The novels of Ayn Rand, for instance or the plays of George:
Bernard Shaw create worlds where people address issues and
pr.oblems, both concrete and abstract, and enact their discov-
eries, responses, and solutions. These representations are
wholly contained in the realm of the imagination, yet they
transpor.t us to alternate possible perspectives and may influ-
ence us in ways that are more resonant and meaningful than
experiences actually lived.

Art is the external representation of things that happen in
the head of the artist. Art forms differ in terms of the materials
they employ, the way the representations are created, what
they purport to represent, and how they are manifest in the
world. Different forms have different powers—the powers to
engage, to provide pleasure and information, to evoke
response. But all have as their end the representation of some
internal vista that the artist wishes to create beyond the
bounds of his or her own skull, making it available in some
form to other people.

What are such representations good for? Aristotle defined
catharsis as the end cause of a play and saw it as the pleasur-
able release of emotion, specifically those emotions evoked by
the action represented in the play.” In his view, catharsis
occurred during the actual “run-time” of the play, but some
contemporary theorists disagree. The early twentieth-century

7 ’

Tlhat s not to say that plays must arouse only pleasant emotions; the
pleasure of relee}sg makes even nasty emotions enjoyable in a theatrical
context. Catharsis is discussed more fully in Chapter 4.
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German dramatist Bertolt Brecht extended the notion of
catharsis beyond the temporal boundary of the performance
(Brecht, 1964]. He posited that catharsis is not complete until
the audience members take what they have assimilated from
the representation and put it to work in their lives. In Brecht’s
hypothesis, the representation lives between imagination and
reality, serving as a conductor, amplifier, clarifier, and
motivator.

It seems to me that computer-based representations work
in fundamentally the same way: a person participates in a rep-
resentation that is not the same as real life but which has real-
world effects or consequences. Representation and reality
stand in a particular and necessary relation to one another. In
much contemporary thinking about interfaces, however, the
understanding of that relationship is muddy. On the one hand,
we speak of “tools” for "users” to employ in the accomplish-
ment of various tasks with computers. We plumb psychology
for information about how people go about using tools and
what is the best way to design them. We arrive at notions like
“cut” and “paste” and even “write” that seem to suggest that
people working with computers are operating in the arena of
the concrete. We often fail to see that these are representations of
tools and activities and to notice how that makes them differ-
ent from (and often better than) the real thing.

On the other hand, we employ graphic artists to create
icons and windows, pictures of little hands and file folders
and lassos and spilling paint cans, to stand in for us in the
computer’s world. Here the idea of representation is used, but
only in a superficial sense. Messy notions like “interface
metaphor” are employed to gloss over the differences
between representation and reality, attempting to draw little
cognitive lines from the things we see on the screen to the

“real” activities that psychologists tell us we are performing.
Interface metaphors rumble along like Rube Goldberg
machines, patched and wired together every time they break,
until they are so encrusted with the artifacts of repair that we
can no longer interpret them or recognize their referents.

This confusion over the nature of human-computer activi-
ty can be alleviated by thinking about it in terms of theatre,
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where the special relationship between representation and
reality is already comfortably established, not only in theoreti-
cal terms but also in the way that people design and experi-
ence theatrical works. Both domains employ representations
as contexts for thought. Both attempt to amplify and orches-
trate experience. Both have the capacity to represent actions
and situations that do not and cannot exist in the real world,
in ways that invite us to extend our minds, feelings, and sens-
es to envelop them.

In the view of semioticist Julian Hilton [1991], theatre is
“essentially the art of showing, the art of the index . . . . It
involves the synthesis of symbolic and iconic systems (words
and moving pictures) in a single indivisible performed event.”
Hilton employs the myth of Pygmalion and Galathea (familiar
to many as the basis of George Bernard Shaw’s Pygmalion and
its musical adaptation, My Fair Lady) to express the relation-
ship of the theatre to the domain of artificial intelligence. He
describes the value of the theatre’s ability to represent things
that have no real-world referents in semiotic terms:

Galathea in a literal sense imitates nothing, and as such defines
a class of icon (the statue after all is a picture of itself) that can
simultaneously be an index. It is this category of non-imitative
index which enables the index to liberate its true power,
whereby it has all the infinite valency of the symbol while

retaining the immediate recognisability of the icon. [Hilton,
1991]

Computers are representation machines that can emulate
any known medium, as Alan Kay observes:

The protean nature of the computer is such that it can act like a
machine or like a language to be shaped and exploited. It is a
medium that can dynamically simulate the details of any other
medium, including media that cannot exist physically. It is not
a tool, although it can act like many tools. It is the first
metamedium, and as such it has degrees of freedom for
representation and expression never before encountered and as
yet barely investigated. [Kay, 1984]

Thinking about interfaces is thinking too small. Designing
human-computer experience isn’t about building a better

32 An Artistic Perspective

The Nature of the Beast

desktop. It’'s about creating imaginary wor¥ds that have a spe-
cial relationship to reality—worlds i‘n WthI'\ we can extend,
amplify, and enrich our own capacities to think, feel, and act.
Hopefully, this chapter has persuaded you that knowledge
from the theatrical domain can help us in that task. The next
two chapters are designed to give you a deeper unc?erstand-
ing of some of the most relevant aspects of dramatic theory
and to apply them to interactive forms.

An Artistic Perspective 33




Chapter Two w

Dramatic Foundations,
Part I: Elements of
Qualitative Structure

Delayed Gratification

The purpose of this chapter and the next is to provide a
framework of dramatic theory that can be applied to the task
of designing human-computer experiences. Such experiences
are structured around the fundamental precepts of dramatic
form and structure and are based primarily on Aristotelian
poetics—poetics being a term used to describe a body of the-
ory that treats a poetic or aesthetic domain. We will take up
each basic idea and then adapt it to the human-computer
context, arriving at what may be described as a poetics of
interactive form (remember that we defined “interactivity” to
mean the ability of humans to participate in actions in a rep-
resentational context). Once we have constructed a theoreti-
cal base, we can then go on to explore its implications in
some selected areas of design.

This approach necessitates that you endure some delayed
gratification. You will be forced to wade through a welter of
analogies, definitions, and hypotheses before a coherent pic-
ture can emerge. Hopefully, the case presented in the first
chapter is sufficiently persuasive to lure you into taking the
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journey. By the end of the next chapter we will be able to pull

the various elements together into a useful theory.

Hoary Poetics

People often find it quite peculiar that I turn to a theory that
1s over two thousand years old to gain insight into a very
recent phenomenon. Even those who can be persuaded that
artistic and literary theories may be useful in the computer
domain have difficulty with what they perceive as an
extremely antiquated approach. Why Aristotle? How can it
be useful to us today to employ concepts that were defined in
t}}e fourth century B.C.? Aren’t there more contemporary
views that would be more appropriate to the task?

I want to answer the latter question first. Without a doubt
the;e are more recent theorists who have made major contri-
butions to the body of dramatic criticism; the next few chap-
ters Will touch on the work of many of them. But no one has
provided a theory of the drama that is as comprehensive and
well-integrated as Aristotle’s; no one has needed to. For
most, the Poetics has been a jumping-off place—a body of
1dfeas to tweak and elaborate on. For some, it has been some-
thing to bounce off of; many theorists (such as Bertolt Brecht
as mentioned in Chapter 1) have persuasively amended
Aristotle’s poetics on certain points. But no one has presented
a fully formulated alternative view of the nature of the drama
that has achieved comparably wide acceptance.

A second reason for looking to the Poetics as opposed to
more contemporary theories (such as post-structuralism) is
that the Aristotelian paradigm is more appropriate to the
state of the technology to which we are trying to apply it. In
order to build representations that have theatrical qualities in
computer-based environments, a deep, robust, and logically
cohgrent notion of structural elements and dynamics is
required—and this is what Aristotle provides.

Aristotle (384-322 B.C.) was a student and successor of
the philosopher Plato. His many works (including Ethics,
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Rhetoric, Physics, and Metaphysics) encompassed what we
would today call both philosophical and scientific thought,
exploring subjects from biology to logic, government to art.
He was tutor to Alexander the Great, whose assumption of
power in 336 B.C. ushered in the Hellenistic Age.

Aristotle worked and wrote in the century after the great
blossoming of Greek drama, exemplified by the works of
Aeschylus (525-456 B.C.), Sophocles (496-406 B.C.),
Euripides (484-406/7 B.C.), and Aristophanes (448-380 B.C.).
During the brightening days of the fifth.century B.C,, theatre
seemed to spring full-blown from the brows of these early
dramatists.

Looking back on that remarkable century, Aristotle set
himself the task of understanding where the various forms of
poetry, including narrative, lyric, and dramatic, came from
and how they work. Aristotle’s work was a response to criti-
cisms of poetry leveled by his teacher, Plato. Plato asserted
that the poetic process is fundamentally incoherent and
defies explanation; Aristotle described the process of poetic
composition in logical terms. Plato complained that drama
and poetry did not “inculcate virtue”; Aristotle countered by
describing and defending the value of the things that poetry
does accomplish:

[Poetry] aims at pleasure, but at the rational pleasure which is a
part of the good life; by its representation of serious action it
does indeed excite emotions, but only to purge them and so to
leave the spectator strengthened; since art represents universals
and not particulars, it is nearer to the truth than actual events
and objects are, not further from it, as Plato maintained.

[Kitto, 1967]

Aristotle is often referred to as the progenitor of western
science because of the methods of observation and inquiry
that he employed as well as his insatiable and wide-ranging
curiosity. A common objection to his dramatic theory is that it
is too prescriptive; the Poetics is mistakenly viewed as a book
of rules. (This is due in large part to the neoclassical critics of
the Renaissance, many of whom distorted Aristotle’s work to
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support their belief that drama should provide explicit moral
instruction.) The truth is that Aristotle’s goal was to observe,
analyze, and report on the nature of the drama, not to gener-
ate rules for producing it. His theories may be used produc-
tively, not because they are recipes but because they identify
and elucidate drama’s formal and structural characteristics.

The Cultural BacKkdrop

The great Greek tragedies of the fifth and early fourth cen-
turies B.C. were performed at the festivals of Dionysus, the
Greek god of nature, wine, fertility, and celebration. Students
of modern popular culture will recognize Dionysus (also
known as Bacchus in Roman mythology) as the giddy wine-
stained god astride the donkey in the “Pastoral” sequence of
Walt Disney’s Fantasia. Although revelry was certainly a
major part of Dionysus’ gestalt, he was a somewhat more
imposing figure than the Disney representation suggests. The
spirit he embodied was at the wellspring of life; his was the
energy on which survival utterly depends.

The festivals of Dionysus were annual events that cele-
brated the symbolic death and rebirth of the god, and hence
nature, Several plays were commissioned for performance at
each festival and they competed for the prize awarded to the
best drama. The theatrical people who were involved in the
production of the plays (including actors, musicians, and cos-
tumers) maintained a strong connection to the Dionysian reli-
gion, eventually forming a guild whose head was usually a
Dionysian priest.

Early Greek drama sprang from the intersection of philos-
ophy, religion, and art. The occasion was ostensibly religious,
and there is reason to believe that at least some of the actors
felt themselves to be “in possession of the god” in whose fes-
tival they performed. The subjects chosen by the great tragic
playwrights for theatrical representation at such festivals
were matters of serious import, depicting the evolution of
Greek philosophy through their dramatic treatment of known
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Figure 2.1 The Theatre of Dionysus in Athens. It was at this site
that most of the great Greek tragedies were originally performed.

i 8 isch’ iechi ter (Athens, 1896).
Ilustration taken from Dorpfeld and Reisch’s Das Griechische Thea '
Courtesy of the Jerome Lawrence and Robert E. Lee Theatre Research Institute, The

Ohio State University.
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myths and stories, such as the tragedies of Agamemnon
Orestes, and Oedipus. They communicated philosophicai
and religious ideas as well as providing the occasion for the
collective experience of emotion. Quite simply, Greek drama
was the way that Greek culture publicly thought and felt
about the most important issues of humanity, including
ethics, morality, government, and religion. To call drama
merely “entertainment” in this context is to miss most of the
picture. Imagine how our own culture would be transformed
.if the basic fare of television, for instance, were the same sub-
jects as those treated by the Greek theatre. What if television
were the way for our whole culture to consider matters of
deepest import? The human need for such forums has not
changed, but television seems to be the only pervasive means
American society has devised for meeting it. A case can
therefore be made that the trivial content and impoverished
range of points of view that characterize commercial televi-
sion diminish the human spirit by diminishing what we
think about and how we think about it. The Greeks employed
drama and theatre as tools for thought, in much the same way
that we employ computers today—or at least in the ways that
we envision employing them in the not-too-distant future.

In science as well as in art, the Greeks of the fifth and
fourth centuries B.C. were discovering and inventing a world
of unprecedented scope and order through the rapidly evolv-
ing tools of philosophy. In exploring the nature of the drama
and other arts, Aristotle employed the same conception of
causality to which he attributed the forms of living things
and that is a good place to begin. ’

The Four Causes, or Why Things Are the
Way They Are

Ho.w' does a representation—a play or a human-computer
activity—get to be the way it is? What defines its nature, its

shape, its particulars? What forces are at work? If you are
tempted to balk at this excursion into the deepest regions of
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theory, let me remind you of the reason for taking it:
Understanding how things work is necessary if we are to
know how to make them. When a made thing is flawed or
unsuccessful, it may not be due to poor craftsmanship.
Architects have designed and built beautiful buildings that
wouldn’t stand up; playwrights have written plays with mel-
lifluous words and solid dramatic structure that closed after
one night in New Jersey; and engineers have designed soft-
ware with lovely screens and loads of “functionality” that
leaves people pounding on their keyboards in frustration.
The reason for failure is often a lack of understanding about
how a thing works, what its nature is, and what it will try to
be and do—whether you want it to or not—because of its
intrinsic form.

The four causes are forces that operate concurrently and
interactively during the process of creation. Although
Aristotle also applied them to living organisms, our discus-
sion will be restricted to the realm of made things. We will
begin with definitions of the four causes and then apply
them, first to drama, and then to human-computer activity.l

» Formal cause: The formal cause of a thing is the form or
shape of what it is trying to be. For example, the formal
cause of a building is the architect’s notion of what its
form will be when it is finished. Those formal properties
of “building-ness” (or “church-ness,” or “house-ness,”
etc.) that are independent of any particular instance of a
building (or church or house) and which define what a
building is are one component of the formal cause. They
are filtered through the mind of the architect, where they
are particularized by various design contingencies (there
needs to be sunlight in the morning room; the conference
room needs to accommodate a group of fifty, etc.), as well
as his or her own values, tastes, and ideas.

17 have employed the traditional terminology, not out of a desire to pro-
mote philosophical jargon but because it is quite difficult to find syn-
onyms that do these concepts justice, and also because more casual
terminology can lead to confusion downstream.
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Formal cause operates through an idea or vision of the
completed whole, which will undergo change and elabo-
ration as the process of creation unfolds; that is, there is a
reciprocal relationship between the formal cause and the
work in progress. The formal cause for a thing may be

muddy or clear, constant or highly evolutionary, but it is
always present.

Material cause: The material cause of a thing is what it is
made of. So, to pursue the architecture example, the mate-
rial cause of a building includes stones or concrete or
wood, glass, nails, mortar, and so on, Note that the prop-
erties of the materials influence the properties of the struc-

ture; for example, wood is more flexible than steel, but
steel is stronger.

* Efficient cause: The efficient cause of a thing is the way in
which it is actually made. This includes both the maker
and the tools. For instance, two buildings with the same
architectural plan and the same materials created by dif-
ferent builders with different skills and tools will differ in
terms of their efficient cause.

End cause: The end cause of a thing is its purpose—what it
is intended to do in the world once it is completed. In
architecture, a building is intended to accommodate peo-
ple, living or working or playing or performing operas or
whatever, according to the kind of building it is.

Now let’s apply these four causes to the theatre:

* Formal cause: The completed plot—that is, the whole action

that the playwright is trying to represent. The whole
action subsumes notions of form and genre and the pat-
terns that define them.

* Material cause: The stuff a play is made up of—the sounds
and sights of the actors as they move about on the stage.
Note that the material of a play is not words, as one might
think from reading a script. That’s because plays are
intended to be acted out, and there’s more to enactment
than words. The enactment is the performance—that which
unfolds before the eyes and ears of the audience.
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» Efficient cause: The skills, tools, and techniq}les of the pla}y-
wright, actors, and other artists who contribute to the fin-
ished play. ‘

» End cause: The pleasurable arousal and expression of a
particular set of emotions in the audience (catharsis).

As mentioned in the section on catharsis in Chgpter 1,
“pleasurable” is a key word in understanding catharsis; emo-
tions aroused by plays are not experienced in the same way
as emotions aroused by “real” events, and even-the most neg-
ative emotions can be pleasurable in a dramatic context (the
success of such film genres as suspense and horror clilependi
on this fact). Various historical periods havg added' rlderli
like political consciousness-raising or mora! instruction to the
end cause. It is safe to say that since emotion depends upon
the successful communication of content, then some level of
communication is implicit in the end cause. We will exPlore
this aspect further in the discussion of causality and univer-
sality in Chapter 3.

The Four Causes of Human-Computer
Activity
How can we define these four causes for human—cpmputer
activities? In this discussion it is difficult to avoid using com-
puter-related terminology, which is in many cases alrgady
loaded with connotations that are not always appropriate.
Among these terms are functionality, program, application, rep-
jon, and agent. .
rese?;rt\atég;puterise, functionality refers to the thlngs that a
program does—a spreadsheet can make calculations of cer};
tain types, for instance, and a word.processor can do ;uck
things as move text around, display dlffgrent fgnts, and chec
spelling. Interface designers often de§crlbe their task as repre-
senting a program’s functionality [for example_, see
Rubinstein and Hersh, 1984, p. 19]. But this understandu}g of
functionality brings us to the tree falling in the forest again. A
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spreadsheet’s ability to crunch numbers in certain ways is
only potential until a person gives it some numbers to crunch
and tells it how to crunch them, in fine or gross detail. Thus
the definition of functionality needs to be reconceived as
what a person can do with a program, rather than what a pro-
gram has the capacity to do. This definition lands us back in
the territory of action with human and computer agents. It
also contains a word we haven’t used before: “program.”

. A program is a set of instructions that defines the poten-
t1a1' actions that make up a human-computer activity and
their representations. These actions and representations may
change as a result of ongoing action (for instance, as the
result of capturing or inferring people’s preferences). A pro-
gram also defines the environment for action and the other
ob]ect§ that inhabit that environment, including their repre-
sentations and capabilities. Actually, the elements of action
and environment and their representations are usually the
1.'esu1t of more than one program—with the Macintosh, for
instance, certain aspects of the “interface” are embedded in
the operating system and Finder code. Of course, the poten-
.tlal of a program is also shaped by the hardware for which it
is written—what kind of math it can perform, for instance
and the qualities of its graphical display. ’

In theatrical terms, a program (or a cluster of interacting
Rrograms) is analogous to a script, including its stage direc-
tions. A script is constrained by the physical realities of the
kind of theatre in which it is to be performed and the capabil-
itieg of the stage machinery and actors. Program code is
equivalent to the words of a script (including the theatre’s
own brand of jargon—for example, “move stage left” or
“counter-cross”). In his investigations of artificial intelligence,
Julian Hilton adds another dimension to this analogy:

The text [of a play] therefore, is a combination of explicit and
implicit notational systems which have as their initial purpose
the enablement of an event in which performers and audience
can share as partners. While obviously the notion of a computer
was alien to Shakespeare, that of his theatre as a complex
space-time machine was certainly not . . .. [Hilton, 1991]
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Functionality is equivalent to the script parsed not by
words but by actions. An apparent difference between pro-
grams and theatrical scripts is that programs are not intrinsi-
cally linear in form, while scripts generally are. At the highest
Jevel, this nonlinearity means that programs can cause differ-
ent things to happen depending upon the actions of their
users. The way in which computer functionality differs from
dramatic action is that some portion of it is shaped by a per-
son as the action unfolds; that is, “authorship” is collabora-
tive in real time (this aspect will be further explored below in
the discussion of plot). In summary, then, functionality consists
of the actions that are performed by people and computers working
in concert, and programs are the means for creating the potential
for those actions.

An “application” is generally described as a program
designed to deliver a particular functionality to “end-users,”
which is distinct from the type of programs that are not
directly accessible to people, such as those which live deep in
the bowels of missile silos and operating systems. Informal
taxonomies of applications exist; for example, applications
for word processing and spreadsheets belong to the larger
class of productivity applications; drawing, painting, and
music programs are often classified as “creativity” applica-
tions; and adventure, action, and strategy games are “enter-
tainment” applications. The most important way in which
applications, like plays, are individuated from one another is by the
particular actions that they represent. Applications are analo-
gous to individual plays; the larger categories are analogous
to genres and forms of plays (tragic, comic, didactic, etc.).

We have used the word “representation” throughout
Chapter 1 to distinguish the shadowy realms of art and
human-computer activity from phenomenal reality. Webster’s
defines a representation as “an artistic likeness or image”
(and also, incidentally, as “a dramatic production or perfor-
mance”). The Greek word for artistic representation is mime-
sis. Both plays and human-computer activities are mimetic in
nature; that is, they exhibit the characteristics of artistic repre-
sentations. A mimesis is a made thing, not an accidental or
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farbitrary one: using a pebble to represent a man is not mimet-
ic; making a doll to represent him is. We often use the word
‘Tepresentation” followed by “of” and then the name of some
object—a character is a representation of a person, a land-
scape painting is a representation of a place. But in art as in
hur.nan‘-computer activities, the object of a mimesis (ie., that
which it is intended to represent) may be a real thing or a vir-
tual one; that is, a thing that exists nowhere other than the
Imagination. A play may be a mimesis of events (literally, a
series of actions) that are taken from history or that are entire-
ly “made up.” Mimetic representations do not necessarily have
real-world referents.

In computerese, two kinds of representations are
acknowledged: internal and external representations. In the
Macintosh Finder, for instance, a page icon is the external
representation of a document. Both the document and the
lcon have internal representations that consist of the code
that defines them—how they look and behave, However, in
keeping with the principle that “the representation is all there
18, an internal representation has no value by itself—just as
the script for a performance is never seen (and hopefully
never thought about) by an audience. As a program, an inter-
nal representation is merely the potential for what may be
manifest in the external representation—that which has sen-
sory and functional properties. As it is used in this book, the
term “representation” subsumes both aspects.

We have said that human-computer activities can be
defined as representations of actions with agents of both
human and computer origin. The word “agents” has a partic-
ular meaning in computerese, which is a derivation of the
more general sense of the word. A computer-based “agent” is
defined as a bundle of functionality that performs some task
for a person, either in real time or asynchronously. An exam-
Ple is the mail-sorting agents developed by Thomas Malone
in the Object Lens project [Crowston and Malone, 1988].
Agents may be represented anthropomorphically —that is, as
characters—but they need not be. The Aristotelian definition
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of an agent is the root of both of these permutations: An agent
is one who initiates and performs actions. So in any human-com-
puter activity, there is at least one agent—the human who
turns on the machine—and if the machine does anything
after it boots, then there are at least two. This book uses the
more general definition because, as we will see later in this
chapter, computer-based agency is present in all human-com-
puter activities, whether or not it is coalesced into coherent
agent-like “entities” in the representation.

Given these definitions, we can now take a run at the four
causes as applied to human-computer activity:

= Formal cause: The formal cause of a particular human-com-
puter activity is the form of what it is trying to be.
Human-computer interaction generally lacks the kind of
well-known formal categories offered by drama (comedy,
tragedy, etc.).2 What we can say, however, is that the form
of human-computer activity is a representation of action
with agents that may be either human, computer-based, or
a combination of both. We will discover more of the char-
acteristics of that form as we identify its structural ele-
ments and the relations among them.

= Material cause: The material cause of a human-computer
activity, and also of a play, is the enactment—that which
unfolds before a person’s senses. As plays employ the
sights and sounds produced by actors moving about in
scenic environments, computers may employ graphics,
sound and music, text characters, and even tactile and
kinesthetic effects. In the discussion of structural elements
below, we will see how these sensory materials are shaped
into more sophisticated constructs.

2 Although application categories like “word processing” or “productivity”
are sometimes invoked by designers as if they were formal criteria, I
would argue that they are rather part of the end cause, since their defini-
tions are essentially functional rather than formal. As most computer-
using writers know, it is still impossible to derive the “canonical” form of
a word processor from all of the instances that exist on the market; we can
speak only about a word processor’s expected or necessary functionality.
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* Efficient cause: The efficient cause of a human-computer
activ'ity is the skills and tools of its maker(s). Since a given
application is probably based, at least in part, on chunks
of program code that have been created by other people
for. other purposes, the computer equivalent of a play-
wright is usually a group of people. Both theatre and
hgman—computer activity design are collaborative disci-
plines; both depend upon a variety of artistic and techni-
cal contributions. In both domains, the quality and nature
of these contributions are strongly influenced by the avail-
able tools. Theatrical artists today are increasingly relying
on computer-based tools for such tasks as lighting and
scene design, lighting execution, moving scenery, design-
Ing costumes, storing and simulating dance notation and
period movements, and, of course, writing scripts.
Theatrical folk express the same frustrations with their
tools as graphic designers and other artists who are work-
ing in the computer medium itself,

End cause: The end cause of a human-computer activity is
what it is intended to do in the world once it is completed.
Thus the end cause obviously involves functionality:
Word processors had better spit out documents. But expe-
rience isan equally important aspect of the end cause; that
is, what a person thinks and feels about the activity is part
of its reason for being the way it is. At the very least, a
person must understand the activity well enough to do
something. At best, he or she should be engaged, pleased,
or even delighted by the experience. This aspect of the end
cause seems trivial to many; it is too often handed off as
an afterthought to harried interface designers who follow
programmers around with virtual brooms and pails. How
much better it is to place the notion of pleasurable experi-
ence where it can achieve the best results—as part of the
necessary nature of human-computer activity.
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The Six Elements and Causal Relations
Among Them

One of Aristotle’s fundamental ideas about drama (as well as
other forms of literature) is that a finished play is an organic
whole. He used the term organic to evoke an analogy with liv-
ing things. Insofar as a whole organism is more than the sum
of its parts, all of the parts are necessary for life, and the parts
have certain necessary relationships to one another. He iden-
tified six qualitative elements of drama and suggested the
relationships among them in terms of formal and material
causality.3

I present Aristotle’s model here for two reasons. First, I
am continually amazed by the elegance and robustness of the
categories and their causal relations. Following the causal
relations through as one creates or analyzes a drama seems to
automagically reveal the ways in which things should work
or exactly how they have gone awry. Second, Aristotle’s
model] creates a disciplined way of thinking about the design
of a play in both constructing and debugging activities.
Because of its fundamental similarities to drama, human-
computer activity can be described with a similar model,
with equal utility in both design and analysis.

Table 2.1 lists the elements of qualitative structure in hier-
archical order. Here is the trick to understanding the hierar-
chy: Each element is the formal cause of all those below it,
and each element is the material cause of all those above it.
As you move up the list of elements from the bottom, you
can see how each level is a successive refinement—a shaping
—of the materials offered by the previous level. The follow-
ing sections expand upon the definitions of each of the ele-
ments in ascending order.

3The explicit notion of the workings of formal and material causality in the
hierarchy of structural elements is, although not apocryphal, certainly
neo-Aristotelian. See Smiley [1971].
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represented. The
action is theoretically
the same in every
performance.

Character ~ Bundles of predisposi-

tions and traits,
inferred from agents’
patterns of choice.

Thought Inferred internal pro-
cesses leading to
choice: cognition,
emotion, and reason.

Language  The selection and

arrangement of words;
the use of language.

Melody Everything that is heard,
(Pattern) but especially the
melody of speech.

Spectacle  Everything that i
(Enactment) YHng fhat s seen.

human-computer activity.

Enactment
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Aristotle described the fundament
drama as “spectacle”—all that is seen. In the Poetics, he also

Element In Drama In Human-Computer
| Activity
Action The whole action bein

The whole action, as it is
collaboratively shaped
by system and user. The

action may vary in each
Interactive session.

The same as in drama, but
including agents of both
human and computer
origin.

The same as in drama, but
including processes of
both human and com-
puter origin.

The selection and arrange-
ment of signs, including
verbal, visual, auditory,
and other nonverbal
phenomena when used
semiotically.

The pleasurable percep-
tion of pattern in senso-
ry phenomena.

The sensory dimensions of
the action being repre-
sented: visual, auditory,
kinesthetic and tactile,
and potentially all oth-
ers.

Table 2.1 The six qualitative elements of structure in drama and in

al material element of
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Figure 2.2 Causal relations among elements of quantitative
structure.

referred to this element as “performance,” which provides
some basis for expanding the definition to include other sens-
es as well. Some scholars place the auditory sense in the sec-
ond level because of its association with music and melody,
but, as will be seen in the next section, it is more likely that
the notion of melody pertains to the patterning of sound
rather than to the auditory channel itself.

One difference, probably temporary, between drama and
human-computer activity is the senses that are addressed in
the enactment.# Traditionally, plays are available only to the
eyes and ears; we cannot touch, smell, or taste them. There
are interesting exceptions. In the 1920s, for instance, director
David Belasco experimented with using odors as part of the
performance of realistic plays; it is said that he abandoned
this approach when he observed that the smell of bacon fry-
ing utterly distracted the audience from the action on stage.
In the mid-1960s, Morton Heilig invented a stand-alone

4 Aristotle defined the enactment in terms of the audience rather than the
actors. Although actors employ movement (kinesthetics) in their perfor-
mance of the characters, that movement is perceived visually—the audi-
ence has no direct kinesthetic experience. Likewise, although things may
move about on a computer screen, a human user may or may not be hav-
ing a kinesthetic experience.
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arcade machine called Sensorama, which provided stereo-
scopic filmic images, kinesthetic feedback, and environmen-
tal smells—for example, on a motorcycle ride through New
York City, the audience could smell car exhaust fumes and
pizza. Sensorama’s problem was not that it addressed the
wrong senses; it simply happened at a time when the busi-
ness community couldn’t figure out what to do with it—pin-
ball parlors were monolithic, and it would be several years
before Pong kicked off the arcade game industry.

At the same time that Heilig was thinking about multi-
sensory arcade games and movie theatres, the development
of new genres of participatory theatre accelerated. Such
artists as Judith Melina and Julian Beck of the Living Theatre,
Robert Wilson, Peter Brook, Jerzy Grotowski, and John Cage
experimented with performances that began to dissolve the
boundaries between actors and audience by placing both in
the same space. Wilson, Cage, Josef Svoboda, and others pro-
duced works that integrated filmic and photographic images,
musical instruments, and machines in novel ways.

In the 1980s, these trends toward increasing the sensory
dimensions of audience participation gave rise to works
where the audience could touch the actors and scenery and
move about freely in the performance space. For example, in
Tina and Tony’s Wedding, a contemporary “interactive” play,
the audience is invited to follow the actors around from room
to room (kinesthetic), to touch props and sit on the furniture
(tactile and kinesthetic), and to share in a wedding banquet
(taste and smell). Another notable example is Chris
Hardman'’s Antenna Theatre, where audience members move
around a set prompted by taped dialogue and narration
heard through personal headphones. A spate of site-specific
interactive plays and “mystery weekends” in the late 1980s
enjoyed a fair amount of commercial success. Contemporary
performance art shares many of the same origins.

It is interesting that the development of this theatrical
genre has been concurrent with the blossoming of computer
games as a popular form of entertainment, and [ speculate
that computer games have in some ways served as a model
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for it. In fact, it is in the areas that dramatic entertainment
and human-computer activity are beginning to converge that
pan-sensory representation is being most actively explored.
When we examine that convergence, we can see ways in
which human-computer activity has evolved, at least in part,
as drama’s attempt to increase its sensory bandwidth, creat-
ing the technological siblings of the kind of participatory the-
atre described above.

The notion of “interactive movies,” which has gained
popularity in the late 1980s, has its roots in both cinema and
computer games, two forms that combine theatre and technol-
ogy. Earlier works were relatively isolated. These include the
productions of Lanterna Magica in Czechoslovakia and an
“interactive movie” that was shown in the Czech Pavilion at
the 1967 World Expo in Montreal, Canada, in which the audi-
ence was allowed to influence the course of the action by
selecting from among several alternatives at a few key points
in the film (however, it is rumored that all roads led to
Rome-—that is, all paths through the movie led to the same
ending). The idea of interactive movies has been rekindled and
transformed into a bona fide trend by advances in multimedia
technology. Likewise, there were early experiments in inter-
active television in the mid-1970s (such as the failed Warner
QUBE system). Interactive TV had to await similar tech-
nological advances before finally becoming a 1990s buzz-word.

In drama, the use of technology to create representations
goes at least as far back as the mechane of the ancient Greeks.
Cinema as a distinct form diverged from drama as the result
of the impact of a new performance technology on form,
structure, and style. In complementary fashion, computer
games can be seen to have evolved from the impact of dra-
matic ideas on the technology of interactive computing and
graphical displays. Computer games incorporate notions
about character and action, suspense and empathy, and other
aspects of dramatic representation.> Almost from the begin-

SWithin the art of computer games, there are various forms, including
action games, strategy games, adventure games, and so on.
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ning, they have involved the visual, auditory, and kinesthetic
senses (you need only watch a game player with a joystick to
see the extent to which movement is involved bc})lth as a
cause and effect of the representation). ’

At the blending point of cinema and computer games are
such new forms as super-arcade games like Battle Tech and
sensory-rich amusement park installations like Star Tours
These types of systems involve the tactile and kinesthetic
senses; some are investigating the inclusion of the other
senses as well through both performance technology and
direct stimulation to the nervous system [Rosen and G}:)sser
1987]. “Virtual reality” systems, which are discussed in’
Chapter §, increase intensity through techniques described as
Sensory immersion—instead of looking at a screen, for
1qstancg, a person is surrounded by stereoscopic sounds, and
visual images delivered through earphones and “eve-
Rhongs.” Through the use of special input devices like sye-
c1a11y. Instrumented gloves and suits, people may move abc}))ut
and Interact directly with objects in a virtual world
Interestingly, the first virtual reality systems and applications.
were developed for nonentertainment purposes like comput-
er-aided design, scientific visualization, and training Hc}))me
computers and home game systems are not far behina these
€xpensive, special-purpose systems in their ability to deliver
multisensory representations.

The element of enactment is composed of all of the senso-
ry phenorr}ena that are part of the representation. Because of
the; evolutionary processes described above, it seems appro-
priate to say that enactment can potentially involve all c}))fp the
senses. These sensory phenomena are the basic material of
both drama and human-computer activity; they are the cla

that is progressively shaped b th
wright or designer y shap y the creator, whether play-

Pattern

T?e perception of patterns in sensory phenomena is a source
of pleasure for humans. Aristotle described the second ele-
ment of drama as “melody,” a kind of pattern in the realm of
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sound. In the Poetics he says that “melody is the greatest of
the pleasurable accessories of tragedy” [Poetics, 1450b, 15~17].
The orthodox view is that “spectacle” is the visual dimension
and “melody” is the auditory one, but this view is problemat-
ic in the context of formal and material causality. If the mate-
rial cause of all sounds (music) were things that could be
perceived by the eye (spectacle), then things like the vibration
of vocal cords and the melodies of off-stage musicians would
be excluded. On the contrary, all that is seen in a play is not
shaped solely by the criterion of producing sounds or music
(although this may have been more strictly true in the perfor-
mance style of the ancient Greeks than it is today). The for-
mal-material relationship does not work within the context of
these narrow definitions of music and spectacle.

In the previous section, we have already expanded spec-

tacle into all sensory elements of the enactment. The notion of
melody as the arrangement of sounds into a pleasing pattern
can be extended analogically to the arrangement of visual
images, tactile or kinesthetic sensations, and probably smells
and tastes as well (as a good chef can demonstrate). In fact,
the idea that a pleasurable pattern can be achieved through
the arrangement of visual or other sensory materials can be
derived from other aspects of the Poetics, so its absence here
is something of a mystery. Looking “up” the hierarchy, it
could be that Aristotle did not see the visual as a potentially
semiotic or linguistic medium, and hence narrowed the
causal channel to lead exclusively to spoken language.
Whatever the explanation, the orthodox view of Aristotle’s
definitions of spectacle and melody leaves out too much
material. As scholars are wont to do, I will blame the vagaries
of translation, figurative language, and mutations introduced
by centuries of interpretation for this apparent lapse and pro-
ceed to advocate my own view.

The element of pattern thus refers to patterns in the sen-
sory phenomena of the enactment. These patterns exert a for-
mal influence on the enactment, just as semiotic usage
formally influences patterns. A key point that Aristotle made
is that patterns are pleasurable to perceive in and of them-
selves, whether or not they are further formulated into semi-
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otic dgvices or language; he spoke of them, not only as the
material for language, but also as “pleasurable accessories.”
He'nc.e the use of pattern as a source of pleasure is a chara. -
teristic of dramatic representations, and one which can coni—

fortably be extended to th
e realm -
experience. of human-computer

Language

The elgment of language (usually translated as diction) in
drama is defined by Aristotle as “the expression of their [th
characters’] thought in words” [Poetics, 1450b, 12-15] Henc:
the. use of spoken language as a system of signs is.distin-
guished from other theatrical signs like the use of gesture
f:olor, scenic elements, or paralinguistic elements (patterns oé
u}fh.ectlon and other vocal qualities). In the orthodox view
diction r(.efers only to words—their choice and arrangement,
That definition presents some interesting problems in the
world of human-computer activities, many of which involve
no words at all (e.g., most skill-and-action computer games
?ii) W()ell Aas gt;aphic?l adventure games and graphical s%mula-l
ns). Are there elements i
bo ot s $ in such nonverbal works that can
_ When a play is performed for a deaf audience and sign-
Ing is used, few would argue that those visual signs functigon
as language. The element of language in this case is
expre§§ed in a way that takes into account the sensor
modalities available to the audience.6 A designer may choosey
for‘ whatever reason, to build a human-computer system thaé
nelther. Senses nor responds to words, and which uses no
words in the representation. Hardware configurations with-
out keyboards, speech recognition, or text display capabilities
may be unable to work with words.

6 oy . : :
g ﬁm uflat(e:trest’llngtto nlolte in this context that American Sign Language (ASL)
a natural language” in its own right, and not a dj
map of English or any other spoken 1 oo Inguage can e cecy
anguage. If a language can b
structed from gesture, then it follow o a2 ot eseenen
, s th i
dlements o7 language, at spoken words are not essential
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In human-computer activities, graphical signs and sym-
bols, nonverbal sounds, or animation sequences may be used
in the place of words as the means for explicit communica-
tion between computers and people. Such nonverbal signs
may be said to function as language when they are the princi-
pal medium for the expression of thought. Accordingly, the
selection and arrangement of those signs may be evaluated in
terms of the same criteria as Aristotle specified for
diction—for example, the effective expression of thought and
appropriateness to character. ‘

Thought

The element of thought in drama may be defined as the pro-
cesses leading to a character’s choices and actions—for exam-
ple, to emotion, cognition, reason, and intention. Understood
in this way, the element of thought “resides” within charac-
ters, although it can be described and analyzed in aggregate
form (the element of thought in a given play may be described
as concerned with certain specific ethical questions, for exam-
ple). Although it may be explicitly expressed in the form of
dialogue, thought is inferred, by both the audience and the
other characters (agents), from a character’s choices and
actions. In his application of a theatrical analogy to the
domain of artificial intelligence, Julian Hilton puts it this
way: “What the audience does is supply the inferencing
engine which drives the plot, obeying Shakespeare’s injunc-
tion to eke out the imperfections of the play (its incomplete-
ness) with its mind.” [Hilton, 1991]

If we extend this definition of thought to include human-
computer activities, it leads to a familiar conundrum: Can
computers think? There is an easy answer. Computer-based
agents, like dramatic characters, do not have to think (in fact,
there are many ways in which they cannot); they simply have
to provide a representation from which thought may be inferred.

When a folder on my Macintosh desktop opens to
divulge its contents in response to my double-click, the repre-
sentation succeeds in getting me to infer that that’s exactly
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yvhat happened—that is, the “system” understood my input
inferred my purpose, and did what I wanted. Was the systerr{
(or the folder) “thinking” about things this way? The answer
I think, is that it doesn’t matter. The real issue is that the rep:
resentation succeeded in getting me to make the right infer-
ences about its “thoughts.” It also succeeded in representing
to me that it made the right inferences about mine!

Thought is the formal cause of language; it shapes what
an agent communicates through the selection and arrange-
ment of signs, and thus also has a formal influence on pattern
and enactment. The traditional explanation of how language
serves as material for thought is based on the overly limiting
assumption that agents employ language, or the language-
like manipulation of symbols, in the process of thinking. This
assumption leads to the idea that characters in a play use the
language of the play quite literally as the material for their
thoughts.

I ffwor a somewhat broader interpretation of material
causa.hty: The thought of a play can appropriately deal only with
what is already manifest at the levels of enactment, pattern, and lan-
guage. Most of us have seen plays in which characters get
ideas “out of the blue”—suddenly remembering the location
of a long-lost will, for instance, or using a fact to solve a mys-
tery that has been withheld from the audience thus far. The
above theory would suggest that the interjection of such
thoughts is unsatisfying (and mars the play) because they are
not drawn from the proper material. Plays, like human-com-
puter activities, are closed universes in the sense that they
delimit the set of potential actions. As we will see in the dis-
cussion of action below, it is key to the success of a dramatic
representation that all of the materials that are formulated into
action are drawn from the circumscribed potential of the par-
ticular dramatic world. Whenever this principle is violated,
the organic unity of the work is diminished, and the scheme
of probability that holds the work together is disrupted.

This principle can be demonstrated to apply to the realm
gf human-computer activity as well. One example is the case
in which the computer (a computer-based agent) introduces
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new materials at the level of thought—"out of the blue.”
Suppose a new word processor is programmed to be con-
stantly checking for spelling errors and to automatically cor-
rect them as soon as they are identified. If the potential for
this behavior is not represented to you in some way, it will be
completely disruptive when it occurs, and it will probably
cause you to make seriously erroneous inferences, to perhaps
think “something is wrong with my fingers, my keyboard, or
my computer.” The computer “knows” why it did what it did
(“thought” exists) but you do not; correct inferences cannot
be made.” A text message, for instance, or an animation of a
dictionary with its pages turning (language), could represent
the action as it is occurring,.

Other kinds of failures in human-computer activity can
also be seen as failures on the level of thought. One of my
favorite examples is a parser used in several text adventure
games. This particular parser did not “know” all of the words
that were used in the text representation of the story. So a
person might read the sentence, “Hargax slashed the dragon
with his broadsword.” The person might then type, “take the
broadsword,” and the “game” might respond, "I DON'T
KNOW THE WORD 'BROADSWORD'." The inference that one
would make is that the game “agent” is severely brain-dam-
aged, since the agent that produces language and the agent
that comprehends it are assumed to be one in the same. This
is the converse of the problem described in the last para-
graph; rather than “knowing” more than it represented, the
agent represented more than it “knew.” Both kinds of errors
are attributable to a glitch in the formal-material relationship
between language and thought.

7In human factors discourse, this type of failure is attributed to a failure to
establish the correct conceptual model of a given system [see Rubinstein
and Hersh, 1984, Chapter 5]. The dramatic perspective differs slightly
from this view by suggesting that proper treatment of the element of
thought can provide a good “conceptual model” for the entire medium. It
also avoids the potential misuse of conceptual models as personal con-
structs that “explain” what is “behind” the representation—that is, how
the computer or program actually “works.”
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Character and Agency
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In social and legal terms, an agent is one who is empow-
ered to act on behalf of another. This definition has been used
as part of the definition of agents in the mimetic world. It
implies that, beyond simply performing actions, computer-
based agents perform a special kind of actions—namely,
actions undertaken on behalf of people. It therefore also
implies that some sort of implicit or explicit communication
must occur between person and system in order for the per-
son’s needs and goals to be inferred. I think that this defini-
tion is both too narrow and too altruistic. There may be
contexts in which it is useful to create a computer-based
agent whose “goals” are orthogonal or even inimical to those
of human agents—for instance, in simulations of combat or
other situations that involve conflicting forces. Agents may
also work in an utterly self-directed manner, offering the
results of their work up to people after the fact.

Other criteria that have been applied to interface agents
(such as anthropomorphism) will be treated in the section on
agents in Chapter 5. For now, we will use the broader defini-
tion of agents to apply to human-computer activity: entities
that can initiate and perform actions. Like dramatic charac-
ters, they consist of bundles of traits or predispositions to act
in certain ways.

Traits circumscribe the actions (or kinds of actions) that

an agent has the capability to perform, thereby defining the
agent’s potential. There are two kinds of traits: traits that
determine how an agent can act (internal traits) and traits
that represent those internal predispositions (external traits).
People must be given cues by the external representation of
an agent that allow them to infer its internal traits. Why?
Because traits function as a kind of cognitive shorthand that
allows people to predict and comprehend agents’ actions [see
Laurel, 1990]. Inferred internal traits are a component of both
dramatic probability (an element of plot, as described in
Chapter 3) and “ease of use” (especially in terms of the mini-
mization of human errors) in human-computer systems. Part
of the art of creating both dramatic characters and computer-
based agents is the art of selecting and representing external
traits that accurately reflect the agent’s potential for action.
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tasks performed in a rather unimaginative manner). In a later
version, Phil’s representation was changed to a simple line-
drawn cartoon character with very limited animation. People
seemed to find the new version of Phil much more likable.
The simpler character was more consistent and more appro-

priate to the action.

The Whole Action

Representations are normally thought of as having objects,
even though those objects need not be things that can or do
exist in the real world. Likewise, plays are often said to repre-
sent their characters; that is, Hamlet is a representation of the
king of Denmark, and so on. In the Aristotelian view, the
object of a dramatic representation is not character but action;
Hamlet represents the action of a man attempting to discover
and punish his father’s murderer. The characters are there
because they are required in order to represent the action,
and not the other way around. An action is made up of inci-
dents that are causally and structurally related to one anoth-
er. The individual incidents that make up Hamlet—Hamlet
fights with Laertes, for instance—are only meaningful insofar
as they are woven into the action of the mimetic whole. The
form of a play is manifest in the pattern created by the
arrangement of incidents within the whole action.

Another definitional property of plot is that the whole
action must have a beginning, a middle, and an end. The
value of beginnings and endings is most clearly demonstrated
by the lack of them. The feeling produced by walking into the
middle of a play or movie or being forced to leave the theatre
before the end is generally unpleasant. Viewers are rarely
happy when, at the end of a particularly suspenseful televi-
sion program, “to be continued” appears on the screen. My
favorite Macintosh example is an error message that I some-
times encounter while running Multifinder: “Excel (or some
other application) has unexpectedly quit.” “Well,” I usually
reply, “the capricious little bastard!” Providing graceful begin-
nings and endings for human-computer activities is most
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you type or a spreadsheet that only lets you add up columns
of numbers), then the activity becomes an endless stream of
meaningless chores. These problems are related to the shape
of the action as well as its magnitude, the first subject to be
treated in Chapter 3.

The notion of beauty that drives Aristotle’s criterion of
magnitude is the idea that made things, like plays, can be
organic wholes—that the beauty of their form and structure
can approach that of natural organisms in the way the parts
fit perfectly together. In this context, he expresses the criteri-
on for inclusion of any given incident in the plot or whole

action:

An imitation of an action must represent one action, a complete
whole, with its several incidents so closely connected that the
transposal or withdrawal of any one of them will disjoin and
dislocate the whole. For that which makes no perceptible
difference by its presence or absence is no real part of the whole

[Poetics, 1451a, 30-35].

If we aim to design human-computer activities that
are—dare we say—beautiful, this criterion must be used in
deciding, for instance, what a person should be required to
do, or what a computer-based agent should be represented as
doing, in the course of the action.

In this chapter, we have described the essential causes of
human-computer activity—that is, the forces that shape it—
and its qualitative elements. In the next chapter, we will con-
sider the orchestration of action more closely, both in terms of
its structure and its powers to evoke emotional and intellec-

tual response.
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Dramatic Foundations,
Part I1: Orchestrating
Action

Dramatic Potential: The “Flying Wedge"

What is possible in a given representational “world”? In
drama—on the stage, in film, or even on television—discover-
ing what is possible is a twofold source of pleasure for audi-
ences. First is the stimulation to imagination and emotion that
is created by carefully crafted uncertainty. (My husband and I
often argue that television can be quite interactive. When we
watch a show together, the interaction is the banter between
us as we try to predict various plot incidents. Guests tend to
find this behavior annoying.) Second is the satisfaction pro-
vided by closure when the action is complete, if the plot has
been successfully constructed. When representational
“worlds” are interactive, whether they be avant-garde theatre
productions or virtual offices, how people find the edges of
the universe—discovering what is possible—is a central issue
in design. This chapter deals with how plots—representation-
al actions—are constructed so that they provide emotional
and intellectual satisfaction, and how these dramatic princi-
ples can inform the design of human-computer activity.
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In Aristotelian terms, the potential of a play, as it progress-
es over time, is formulated by the playwright into a set of pos-
sibilities. The number of new possibilities introduced falls off
radically as the play progresses. Every moment of the enact-
ment affects those possibilities, eliminating some and making
some more probable than others. When we learn, for instance,
that Hamlet’s father was murdered, it becomes probable that
Hamlet will try to discover the identity of the murderer. Later
in the play, it becomes probable that, once he has found the
villain out, Hamlet will seek revenge. But will he succeed? At
each stage of the plot, the audience can perceive more than
one line of probability (that is, more than one probable course
of events), creating engagement and varying degrees of sus-

pense in the audience. At the final moment of a play (or at the
peak of its “climax,” as described later in this chapter), all of
the competing lines of probability are eliminated except one,
and that one is the final outcome. At the climactic moment of
Hamlet, the only remaining probability is that he will die and
Fortinbras will restore order to the kingdom. In this
moment—the moment when probability becomes necessity
—the whole action of the play is complete. Thus, over time,
dramatic potential is formulated into possibility, probability,
and necessity.2
This process can be visualized (highly schematically) as
the “flying wedge” in Figure 3.1. How this pattern is accom-
plished in a play depends, in the main, upon the playwright’s
selection and arrangement of incidents and how they are
causally linked. Reading the diagram from left to right shows
the progression of material causality, by the way, and reading
it from right to left shows formal causality at work, where the
necessary end of a whole action functions as a kind of magnet,
drawing the structure of the action toward itself.
The shape of potential over time in human-computer
activities is similar to the flying wedge. In a play, the result of
this successive formulation is a completed plot—a whole

ZIn the context of drama and as used in this book, the terms possibility, prob-
ability, and necessity have specific meanings that differ substantiaily from
mathematical or scientific usage. Readers who wish to investigate the dra-
matic connotations further should review the Poetics, 1451a-b.
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limit of this recursion is supplied, in part, by the notion of
magnitude (something of a size that can be perceived as a
whole) and in part by the context(s) of activity. While working
on this book, for instance, all of the actions I undertake (and
all of the applications I launch) during a session with the com-
puter are typically related to the activity of authoring the
book. To the extent that the Macintosh environment supplies a
consistent operational context (the “Mac interface”), consis-
tent “tools” (such as cut and paste), and some transportability
(such as the ability to bring a MacPaint image into a Microsoft
Word file), the system reinforces this sense of wholeness. This
idea will be expanded upon in Chapter 6.

On the other hand, I may simply boot up the computer
and diddle around with various tasks—e-mail correspon-
dence, journal entries, designing party invitations, or what-
have-you. The artificial bracketing events of turning the
computer on and off are not equivalent to the beginning and
end of a whole action; rather, there are several “whole
actions” being pursued concurrently. The possibility of multi-
ple whole actions being undertaken in a multitasking fashion
is not unique to computing; the same phenomenon occurs in
the typical day of any office worker or homemaker, and it is
quite familiar to the sort of reader who has several books
going at once, reading science fiction in bed and journal arti-
cles in the bathroom. The point here is not to assert that there
is necessarily a single whole action being constructed every
time that a person uses a computer, but rather to suggest that
the quality of wholeness has contextual, structural, and for-
mal characteristics.

Whatever the duration or scale, human-computer activi-
ties can be seen to formulate potential in the same way that
drama does—as a progression from possibility to probability
to necessity. The opening display (which may or may not be
multisensory) begins the process of delimiting potential.
Every action taken by an agent, including the human agent(s),
creates further possibilities and constraints as the activity
takes shape. Thinking about things this way helps us to focus

on how incidents can be arranged and causally linked. A
human-computer activity, unlike a play, may be formulated
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ing a plot in real time as a collaboration with the actors and
director, and communicating new portions of script to them in
real time through some automagical means. In other words,
the way in which human-computer activity is more dynamic
than drama is in the aspect of formulating the action (play-
writing) rather than in its enactment (performance).

But humans can theoretically introduce anything they like
into the potential of a given human-computer activity!
Introducing new potential, especially “late in the game,” has
the capacity to explode the structure of .the action. How can
people be constrained to work only with potential that is
inherent in (or amenable to) that which is already in the repre-
sentational world? The problem of constraints is treated later
in this chapter, but a key element in its solution is the deploy-
ment of dramatic probability and causality to indirectly guide
what people think of doing.

Probability and Causality

Causality is the connective tissue of plot.3 In this context,
causality refers to the cause-and-effect relationships within
the action that is being represented. The causal relationship of
an incident to the whole action is a requirement for inclusion.
Causality also determines, in part, where an incident will be
placed in the plot—causes are sometimes represented after
effects, for instance, for the purpose of orchestrating audience
response through such means as suspense and surprise.
Incidents are said to be “gratuitous” if they have no causal
relationship to the whole action; gratuitous incidents shed no
light on why things have happened or why they happened as

3The notion of causality contains some cultural bias; that is, the notion of
cause and effect is not as universal as Aristotle believed. Some cultures
substitute temporal relations for causal ones, for instance. Likewise, many
avant-garde playwrights of the twentieth century, especially the absurdists
and surrealists, attempted to eliminate linear causality from dramatic
structure. In the main, however, the notion of causality is pervasive and
robust enough to justify our use of it as the basis of our theory. Of course,
other theories might (and probably should) be formulated from the alter-
native views of other cultures and philosophies.
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From: welll!hlr@apple.com
To: LAUREL.BQ@AppleLink.Apple.COM

From apple!@RELAY.CS.NET:ishii@ntthif.ntt.jp Thu
Jun 7 23:45:39 1990
Received: by well.sf.ca.us
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(Howard Rheingold)

(4.12/74.7)

id AA11768; Thu, 7 Jun 90 23:45:32 pdt

Received: from relay.cs.net by apple.com with SMTP

(5.61/25-eef)
id AA01351; Thu,
for hlr

7 Jun 90 20:56:13 -0700

Received: from relay2.cs.net by RELAY.CS.NET id

aa03096; 7 Jun 90 23:47 EDT
Received: from ntt.jp by RELAY.CS.NET id abl1409;
7 Jun 90 23:37 EDT
Received: by ntt-sh.ntt.ijp
TCP; Fri, 8 Jun 90 12:32:20
JST
Received: by YECL.ntt.jp (1.2/NTTcs02b) with TCP;
Fri, 8 Jun 90 12:28:43+0900
Received: by nttcvg.ntt.jp (1.2/NTTcsOlb) with
TCP; Fri, 8 Jun 90 12:35:24 jst

Received: by ntthif.ntt.jp (3.2/NTTcs0l) with TCP;
Fri, 8 Jun 90 12:26:13 JST

Date: Fri, 8 Jun 90 12:26:13 JST

From: Hiroshi Ishii <apple!ntthif.ntt.jp!ishii>
<9006080326.AA03491@ntthif.ntt.jp>

(3.2/ntt~sh-031) with

Message-Id:

Figure 3.3 A particularly heinous example of an e-mail header.

This design strategy is often seen in mathematics drill-
and-practice programs. If Jimmy solves three arithmetic prob-
lems successfully, he gets to spend twenty seconds playing a
low-res starship-blaster-action game. Either the math or the
game segments are gratuitous, depending upon Jimmy’s
understanding of the central action. The solution is either to
eliminate one of the activities, or to reshape the action so that
it includes both in a causally related way—for example, a
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starfighter simulation in which Jimmy solves math problems
in order to operate the ship.4

Besides its function as a criterion for inclusion, causality is
employed by playwrights in the shaping of dramatic proba-
bility. The representation of certain causes makes certain

effects probable. The possibility of conflict in the Neutral Zone
(part of the dramatic potential of Star Trek) becomes a proba-
bility if a cause is represented—for example, a Romulan incur-
sion. In a complementary fashion, the representation of effects
leads people to expect that causes will be revealed—another
way of constraining what is probable.

A primary source of causality in dramatic incidents is the
goals of the characters—that is, what the characters want and
are trying to do. The central action of a play is often best
described in terms of the goal of its central character.
Characters try various courses of action for achieving their
goals. The obstacles and conflicts they encounter force
changes in their behaviors and plans, and sometimes in the
goals themselves. A detective in a movie may start out trying
to solve a murder and end up embroiled in an international
espionage operation. Of course, by the end of the film, the
audience can see that the action was “about” the spy ring all
along, because knowing about it makes all the details fall into
place. The central character’s goal has carried them along, and
the revelation of the other characters’ goals unifies seemingly
unrelated incidents into a whole action through the inter-
weaving of causality.

Likewise, the agents’ goals are most often the strongest
source of causality in human-computer activity. What is each

agent (human and computer-based) trying to do, get, or
become? What obstacles and conflicts arise, and how do they
constrain what the agents do? In human-computer activity, as
in drama, goals usually lead to the formulation of plans for
achieving them. These plans are either stated or inferred, and

4The preceding three paragraphs are modified from “Interface as Mimesis,”
in D. A. Norman and S. Draper, eds., User Centered System Design: New
Perspectives on Human-Computer Interaction. Hillsdale, N.J.; Lawrence
Erlbaum Associates, 1986. Reprinted with permission.
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they provide a basis whereby to understand the action. The
implementation, failure, revision, and formulation of plans
are the “meat” of the action. To be probable, goals and plans
must be plausible in terms of the characters that generate
them (the “appropriateness” criterion for character, as dis-
cussed in Chapter 2).

In his dissertation, “The Dynamic Structure of Everyday
Life,” Al researcher Philip Agre argues that real people do not
live their lives this way—that is, that goals and plans do not
explain most of human behavior. His observations have led
him to posit that people are primarily involved in improvising
what to do next, in a moment-by-moment way, and that
everyday life is “always almost wholly routine” [Agre, 1988].
But everyday life is different from drama. And highly goal-
oriented “real” behavior, as in the case of constructing a build-
ing or some other specific task (the kind of thing we often do
with computers), can be seen to involve a greater proportion
of planning activity than “everyday life” as well. Agre’s
understanding of everyday activity has enabled him to arrive
at Al architectures that may do a remarkable job of emulating
real life, and his ideas may lead to an entirely new paradigm
for representing and orchestrating human-computer activity.

Nevertheless, I employ the notions of goals and plans in
this book for several reasons. One is the desire to see human-
computer activities as “wholes” with coherent structures.
Constructing them as dramatic wholes allows us to take
advantage of deeply ingrained conventions about under-
standing representations of action. These conventions—elimi-
nation of the extraneous and gratuitous, clear causal relations
among things that happen, and the notions of beginnings,
middles, and ends—are in fact the ways in which drama is not
like life. Agre wants artificial reality to be lifelike, but there are
good reasons why, at least in some situations and for some
purposes, artificial reality should be, well, artificial.

Related to Agre’s thesis is the work of Lucy Suchman. In
her excellent book, Plans and Situated Actions: The Problem of
Human-Machine Communication [1987], Suchman contends that
“purposeful” (or goal-directed) behavior is best understood,
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not as the execution of plans, but rather as situated actions
—"actions taken in the context of particular, concrete circum-
stances.” Plans are fundamentally ineffective because “the cir-
cumstances of our actions are never fully anticipated and are
continuously changing around us.” Suchman’s observations
have led her to conclude that plans are best viewed as “a
weak resource for what is primarily ad hoc activity.” Suchman
does not deny the existence or use of plans but implies that
deciding what to do next in the pursuit of some goal is a far
more dynamic and context-dependent activity than the tradi-
tional notion of planning might suggest.

A dramatic view of human-computer interaction is
amenable to the notion of situated actions in that it attempts
to dynamically represent changing situational elements and to
incorporate knowledge of them into both the decision-making
processes of computer-based agents and the understanding of
the actions of human agents in representational contexts. An
in-depth integration of Suchman’s work into a dramatic
model of human-computer interaction is beyond the scope of
this book, but it will be a necessary element of both the elabo-
ration of the model and the development of future systems
that attempt to instantiate it.

In keeping with Suchman’s analysis is the fact that many
factors dynamically influence agents’ choices and actions and
thereby contribute to dramatic causality—among them, natu-
ral forces, coincidences, situations, and conditions. Of course,
“natural” forces represented in plays and imaginary worlds
may be very different from those at work in the real world.
Computer games select and modify the laws of physics, for
instance. In computer-based simulations, new scientific devel-
opments such as fractal geometry and other mathematical
representations of chaos theory make it possible to emulate
the natural world with much greater detail and accuracy than
formerly possible. However, even these techniques must be
deployed selectively in the process of representation-building;
attempting to render the physical world (or a comparably
robust alternative) completely would quickly bring the world’s
most powerful computers (and programmers) to their
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(virtual) knees. Even when selectivity is not an artistic choice,
it is nevertheless a necessity in computer-based modeling of
physical worlds. The important thing is to know that one is in
fact exercising selectivity—to be explicit about it, and to
employ a notion of the potential for action in the world one is
creating as the primary selection criteria. Representing a natu-
ral force makes certain kinds of actions more probable; for
instance, simulating air flow around an aircraft wing in a
CAD program suggests that changes in the wing will create
changes in the air flow, implying both causality and potential
action. If the potential for adjusting the wing in some way is
successfully represented, then the possibility of adjustment
becomes more probable.

Representations of functionality that do not model the
physical world still employ equivalents of natural laws in the
ways that things behave. Zoom-boxes and windows open and
close with animated embellishments that suggest real-world
physical actions; folders appear to exert a gravitational force
within a limited area that sucks documents into them. (When
the representation of such a force is flawed, the comparison
with black holes in space may be unintentionally evoked.)
Whether in plays, computer games, simulations, or virtual
desktops, the representation of “natural” forces must be con-
sistent and explicit enough to allow people to incorporate

them into their understanding of the particular world’s
potential.

The construction of situations that possess strong dramat-
ic potential is a central element in the playwright’s art.
Situations may have both physical and character-related com-
ponents (a gun on a desk; a desire for revenge). An obvious
but easily overlooked element of situation-building is the fact
that all of the relevant aspects of the situation must be suc-
cessfully represented. Watching a small child struggle with a
“drawing” program on the computer is a case in point; her
actions are limited by her ability to recognize the tools and the
context. She is simply not able to do the kind of investigation
of the environment and situation that a computer-savvy adult
would be willing to undertake; she doesn’t know what rocks
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to look under (or menus to pull down). For her, the represen-
tation is all there is.

Coincidences can also help to establish probability, but
they are ineffective when they appear to be arbitrary.
Outrageously arbitrary coincidences are the stuff of comedy
and farce, in which the requirements for plausibility are sig-
nificantly relaxed. People commonly assume that coinci-
dences in noncomic representations have causes that will be
revealed; that is, they are more than “random” accidents. In
fact, seeming coincidences stimulate people to look for causal
connections. If a sword shows up at just at the moment when
I need it in the enchanted castle, is the wizard protecting me?
Fortuitous events imply agency, and that is essentially what
they are good for—implying the involvement of characters or
forces in the action.

The fact that people seek to understand causality in repre-
sentational worlds provides the basis for Aristotle’s definition
of universality. In the colloquial view, an action is universal if
everybody can understand it, regardless of cultural and other
differences among individuals. This would seem to limit the
set of universal actions to things that everyone on the planet
does—eat, sleep, love, etc. Aristotle posits that any action can
be “universalized” simply by revealing its cause; that is,
understanding the cause is sufficient for understanding the
action, even if it is something alien to a person’s culture, back-
ground, or personal “reality.”

Works of fantasy provide an obvious example of how uni-
versalization via causality works. Actions that are patently
impossible in the real world (such as a person flying) can be
made believable and understandable in their dramatic context
if probability is established. This fact led Aristotle to observe
that in dramatic action, an impossible probability is preferable to
an improbable possibility. We can believe that Peter Pan flies
because of the way the potential of his world is revealed,
through the way his character is established in the action, and
through dramatic situations that provide him with causes to-
use his ability to fly. Conversely, it is possible that Peter Pan
would try to have a conversation with Captain Hook instead
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of fighting with him (a Monty-Pythonesque treatment), but
the improbability of that course of action robs it of credibility.
This is another reason why coincidences don’t work: it’s
improbable, in all noncomic dramatic forms, for just the right
thing to happen at just the right time without some source of
agency.

To summarize, probability is the key quality of dramatic
action. The orchestration of probability and causality is the
stuff that dramaturgy is made of. By manipulating probability,
the playwright shapes the dramatic world, the plot, and the
shape of the audience’s involvement with it. Similarly, it can
be deployed by designers of human-computer experience to
shape what people do and feel in the context of a particular
virtual world. To understand more about how dramatic prob-

ability can be shaped, we can look to the structural patterns
that make probability manifest.

Dramatic Anatomy

How does one describe the shape of a particular play? What
are its “anatomical” parts? The previous sections dealt with
qualitative elements—that is, qualities that exist throughout
the fabric of a play. This section deals with the identifiable
patterns through which qualitative elements are expressed.

Complication and Resolution

The shape of a play can be visualized in terms of the pattern of
emotional tension created in its audience. Typically, tension
rises during the course of a play until the climax of the action
and falls thereafter. As we observed in the previous section,
the climax of a play is the moment at which one line of proba-
bility becomes necessity, and all competing lines of probability
are eliminated. Hence the climax is not only an emotional
peak but an informational one as well. In fact, the implicit
assumption in this analysis is that there is a direct relationship
between what we know about the action and how we feel
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about it. The manipulation of information establishes causali-
ty and probability, and it is the basis of such audience
responses as suspense, surprise, and catharsis.

Gustav Freytag, a German critic and playwright, suggest-
ed in 1863 that the action of a play could be represented
graphically, yielding a visualization of dramatic anatomy that
is referred to as “Freytag’s triangle” (Figure 3.4). The notion
that the action of a play could be quantified was not unfamil-
iar to Freytag’s contemporaries in Europe and America,
whose “well-made plays” were often formulaic in the extreme
(and which did not survive as examples of great drama). It is
the underlying logic of Freytag’s analysis, however, and not
the recipe-book flavor of his techniques, that is useful in
understanding the anatomy of dramatic action.

Freytag’s visualization was based on the notions of rising
and falling action. (Freytag’s actual terms were ”play” and
“counter-play,” and they were based on Aristotle’s “complica-
tion” and “dénouement.”) The rising action is all that leads up
to a climax or turning point; the falling action is all that hap-
pens from the climax to the conclusion. The rising and falling
action form the sides of the triangle, of which the dramatic cli-
max is the apex. The horizontal axis of the graph is time; the

a. Introduction
b. Rise

b ‘ d ¢. Climax
d. Return or fall

e. Catastrophe

Figure 3.4 Freytag's triangle.
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vertical axis is complication. Various structural elements occu-
py different locations on the triangle. Contemporary versions
of Freytag’s triangle are more irregular and jagged, reflecting
the differing patterns of complication and resolution within
structural elements.

The “complication axis” of a Freytag triangle represents
the informational attributes of each dramatic incident. An inci-
dent that raises questions (e.g., the kidnapping of the heroine)
is part of the rising action; one that answers questions (e.g.,
the confession of the villain) is part of falling action. However,
Freytag’s analysis is overly simplistic; each dramatic incident
may raise some questions and answer others, and the ques-
tions themselves may vary in importance to the plot. Freytag’s
primary contribution was to provide the beginnings of a visu-
al representation of the shape of dramatic action.

More sophisticated Freytag-style graphs have been devel-
oped as tools for dramatic analysis. Each incident is represent-
ed as a line segment, the slope of which is derived from the
relationship of the informational attributes of the incident (i.e.,
questions asked and answered) to its duration; for instance, a
steep upward slope represents a good deal of complication in
a short amount of time. We will use the following dramatic
incident as an example.

A group of strangers have been invited by an anonymous
person to spend the weekend in a remote mansion. During
the night, one member of the group (Brown) has disappeared.
Some of the remaining characters are gathered in the drawing
room expressing concern and alarm. The butler (James) enters
and announces that Brown has been found:

James: I'm afraid I have some rather shocking news.
Smith: Spit it out, man.
Nancy: Yes, can’t you see my nerves are absolutely shot? If

you have any information at all, you must give it to us at
once.

James: It's about Mr. Brown.
Smith: Well?
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James: We've just found him on the beach.

Smith: Thank heavens. Then he’s all right.

James: I'm afraid not, sir.

Smith: What's that?

James: Actually, he’s quite dead, sir.

Nancy: Good God! What happened?

James: He appears to have drowned.

Smith: That’s absurd, man. Brown was a first-class swimmer.

Each informational component of the incident can be char-
acterized in two ways. In terms of complication, the informa-
tion is either positive (it asks a question) or negative (it
answers a question). The importance of the information at the
point at which it appears in the plot is rated on a numeric
scale from 0 (completely unimportant) to 1 (extremely impor-
tant). Thus an extremely significant piece of information that
answers a question has a rating of -1, while a fairly insignifi-
cant piece of information that raises a question might have a
rating of +.3. Figure 3.5 shows such an evaluation of the infor-
mational components of the incident.

Information Complication Significance
a. James has shocking news. + 4
b. The news concerns Brown. 5
¢. Brown has been found. - 7
d. Brown is dead. + 9
e. Brown has drowned. - A4
f. Brown was a good swimmer. + 8
TOTAL = + 15

Figure 3.5 Informational analysis of a sample incident.
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To represent the incident on a Freytag graph, the sum of
the numeric ratings shown in Figure 3.5 can be used as the
value for the variable c, representing complication. The dura-
tion of the incident in minutes (or pages of script) is used as
the value of the variable T, representing time. The formula for
computing the slope of the line segment that will represent
the incident on the graph can be expressed as: slope = ¢/t. In
this case, c = 1.5 and t = 1. The sample incident is graphed in
Figure 3.6.

This analytic technique can yield a detailed profile, repre-
sented numerically or graphically, of the shape of the dramatic
action of a given play. The fact that this aspect of structure can
be expressed quantitatively makes it potentially more
amenable to computational representation. Given an informa-
tional analysis of the potential actions involved in a human-
computer activity, quantitative structural criteria could be
used for orchestrating those incidents into the desired overall
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Figure 3.6 A “modern” Freytag-style graph. The dashed line
represents previous incidents; the solid line represents the sample
incident analyzed in Figure 3.5.
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shape. This is possible because specific kinds of actions can be
seen to have characteristic slopes or curves.

Conventional Kinds of Action

Figure 3.6 indicates five types of action, using Freytag’s terms
for them. These “anatomical parts” of a play have been rede-
fined and renamed by nearly every critic since Aristotle.
Today, most drama students learn a set of conventional cate-
gories and a less symmetrical (but still schematic) characteris-
tic curve for dramatic action, shown in Figure 3.7.

The exposition (segment a) is the part of a play that func-
tions to reveal the context for the unfolding action. It formu-
lates potential into possibilities, introducing characters,
environments, and situations. Exposition as the revelation of
information continues throughout the play, but it diminishes
as the action progresses; it becomes less and less necessary or
appropriate to introduce new potential. The inciting incident
(point b) is actually a small segment rather than a point (since
it has some duration); it is the action or event that begins what
will become the central action of the play. On the graph, it is
the point at which the curve takes its first significant upward
turn. In terms of the “flying wedge,” the inciting incident ini-
tiates the first lines (vectors) of probability. The rising action

{. Falling action

T a. Exposition

c b. Inciting incident
'% c. Rising action

2 d. Crisis

[y

g e. Climax

v

g. Denouement

Time —p

A

Figure 3.7 A more contemporary version of the shape of dramatic
action and its conventionally recognized parts.
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(segment c) follows the inciting incident. In this portion of the
play, the characters pursue their central goals, formulating,
implementing, and revising plans, and meeting resistances
and obstacles along the way. At some point, the action “goes
critical”—that is, characters must make major decisions and
take conclusive actions in pursuit of their goals. The crisis
(segment d) is a period of heightened activity and commit-
ment, and it usually proceeds at a faster pace than the preced-
ing action. During this segment, many lines of probability are
pruned away. The climax (point e) is the moment at which one
of the lines of probability becomes necessity and all others are
eliminated. Characters either succeed or fail to achieve their
goals. This key incident is the turning point of the action. The
falling action (segment f) represents the consequences of the
climax, as they reverberate through character and situation.
The slope of the falling action is characteristically rather steep;
that is, things tend to fall into place quickly once the climax
has been reached. The dénouement (segment g) can be
described as the return to “normalcy” (the status quo of the
dramatic world). In French, the word means “untying” or
“unraveling.” The dramatic potential is exhausted; its intrinsic
energy has been used up by the action.

If we were to enlarge any segment of the graph for a real
play, we would see (depending upon the resolution of the
underlying analysis) still more bumps and curves, represent-
ing the structure of the smaller component incidents that
make up the larger anatomical parts. The exposition of a play,
for instance, is made up of a number of incidents that reveal
information with varying ¢/t values. The rising action is com-
posed of smaller incidents that tend to have a higher average
slope than incidents of the exposition. Here, a fractal
metaphor is apt (and perhaps it is more than a metaphor): The
smaller components of a given type of action tend to reflect its
structure in miniature. The overall graph of any given play is
like its fingerprint; it is unique. An intriguing pastime for the
quantitatively inclined is to observe how these fingerprint
curves are reflected in the smaller incidents that make up larg-
er anatomical parts. Plays can be seen to employ structural
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patterns in the same way that music employs themes and
motifs.

An important thing to note about this analytical technique
is that it reveals a major source of a play’s aesthetic appeal;
that is, it provides some explanation of why a play feels good.5
As Aristotle’s analysis of the qualitative elements of structure
(discussed in Chapter 2) suggested, pattern is a powerful
source of pleasure. Designers of human-computer activities
can borrow concepts and techniques from drama in order to
visualize and orchestrate the structural patterns of experience.

It is relatively easy to see the relevance of orchestrating the
shape of action in story-based human-computer activities like
computer games or interactive simulations. But what about
more pragmatic, “computer-like” activities—say, spread-
sheets? Both Heckel [1982] and Nelson [1990] have extolled
the virtues of VisiCalc and its descendants. Heckel identifies
one source of the product’s appeal as the immediate represen-
tation of the effects of users’ actions: “While entering formu-
las, the user is continuously stimulated. Similarly, when
changing a number, the user is stimulated by the effect of the
changes as they ripple through the spreadsheet” [Heckel,
1982]. This source of a good spreadsheet’s appeal can be visu-
alized as a Freytag-style curve. Let’s say I'm using a spread-
sheet to decide whether I can afford to buy a new house.
Referring again to Figure 3.7, the various segments of the
graph might correspond to the following actions:

a. Getting started. 1 enter the price of the desired house,
the price that my current home is likely to fetch on the
market, and any additional numerical data that I
might have, such as interest rates, property taxes, and
the costs of utilities.

5An interesting exercise in scientific (or artistic) visualization would be to
create first-person versions of such graphs, so that one could experience
them kinesthetically by “riding the curves.” Would such abstractions fee!
good in and of themselves? If we represented them audibly, would they
sound like music?
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b. Preliminary evaluation. I discover that the new house, in
terms of the data already entered, will cost me $1,000
more per month. Things are looking bad, but I really
want to be able to afford the house, so now I am going
to start trying to think of things that will turn the pic-
ture around. Thus the “inciting incident” is the initial
set of calculations, which leads to my decision to pur-
sue a new goal: to make the numbers support the
desired outcome.

¢. Entering new data and formulas. Are there tax benefits
that derive from the interest rates and increased debt?
How will my utility bills change if I replace the new
house’s electric heating system with a gas furnace? I
try different strategies with positive and negative
effects.

d. Making major trade-offs. Things are still looking bad to
iffy; now it’s time to decide what sacrifices I am will-
ing to make. Finally I decide that I can live without a
new car, that I can forgo furniture in the living room,
and that I can borrow an additional chunk of down
payment from my mother. Will any or all of these sac-
rifices be sufficient?

e. Making the decision. I “turn the crank” by implement-
ing each of these sacrifice scenarios in turn and then in
combination until I arrive at one I can live with. Yes,
there is a way to afford the new house.

f. Creating an artifact. I clean up the spreadsheet, do a lit-
tle formatting, and print the whole thing out to show
my husband so that he, too, will be convinced.

g Finishing up. I save the document and exit the applica-
tion.

The spreadsheet illustrates how the conception of the
application and its functionality shapes the action by provid-
ing elements of form. It also shows the way in which the
application and the person collaborate to create a whole
action with an interesting shape. It illustrates the fact that an
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application, in both its conception and its execution, defines
the magnitude and texture of the whole action. Spreadsheets
such as VisiCalc and Excel are successful largely because they
do an extremely good job of supporting whole actions with a
satisfying degree of complexity, magnitude, and complete-
ness. You could perform the same whole action as that in the
example above with a calculator, an abacus, or even a pencil
and paper, but its magnitude (in the sense of duration) would
be excruciatingly excessive. The action would lack organic
wholeness: Rather than the elegant Freytag-like curve, the
action would more likely consist of long, flat-line segments of
calculation punctuated by periods of analysis and planning
with a completely different representational context and
“feel.” In contrast, word processors, especially those that
admit only of text manipulations, do a comparatively poorer
job of supporting actions with interesting shapes in that they
focus on only part of a larger task. In Chapter 6, we will
explore the task of document creation to illustrate the applica-
tion of our dramatic model.

Discovery, Surprise, and Reversal

The previous section illustrates how information is a key com-
ponent of dramatic structure. The impact that new informa-
tion has on people is determined not only by the information
itself but also by how it is revealed and how it interacts with
existing knowledge and expectations. Plays are full of discov-
eries of different types. The expository action at the beginning
of a play provides the greatest number of discoveries for the
audience, but the climax probably provides discoveries of the
greatest significance. When we have no particular expecta-
tions, discovering new information is a simple and relatively
unremarkable experience (oh, I see, the door is over there; this
character is a doctor; the husband and wife are having trouble
getting along).

Discovery becomes more interesting when the new infor-
mation is not what we might have expected—in other words,
it is a surprise (What's that scruffy bum doing at this fancy
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party? Why is the house suddenly shaking? Will a higher
interest rate give me a tax break?). Surprises have a higher
potential for complication than do run-of-the-mill discoveries;
that is, they often raise more questions than they answer.
Although in “real” life surprises are as often nasty as they are
pleasant (why is the house suddenly shaking?), in the context
of drama, they are almost always pleasurable, in that they lead
to excitement, vicarious feeling, engagement, and speculation.
We are “safe” from real-world consequences. (Don’t worry,
honey, it’s only a movie. There’s no earthquake going on.)
Surprise is that subspecies of discovery that is different from
what we expected (or might logically have expected) to be
true. Surprise is deployed by playwrights to turn up the gain
on emotional and intellectual involvement, and to quite liter-
ally give the audience a thrill.

A rarer and more potent flavor of surprise is what
Aristotle referred to as reversal: a surprise that reveals that the
opposite of what we expected is true. (That's not a man, that’s a
woman! The detective is actually the murderer! I thought that
“formatting” would tidy up my disk, not erase it!). Reversals
can cause major changes in our understanding of what is
going on and our expectations about what will happen next;
in other words, they can radically alter probability. In a play, an
early reversal might serve as an inciting incident, causing a
sharp upturn in the ¢/t slope (by raising a whole set of ques-
tions all at once). The climax of a play may be a reversal that
causes a sharp downward turn in the slope (by answering a
host of questions all at once).

In human-computer activity, like drama, surprise and
reversal are efficient and economical means for achieving rad-
ical shifts in probability. The reasons for wanting to create
such a shift may be pragmatic or aesthetic. A reversal may be
needed to turn a person away from an unproductive or poten-
tially dangerous path of action. Surprise and reversal can also
be deployed to create changes in the slope of the action in
order to achieve a pleasing whole. Of course, it must be
remembered that dramatic reversals have no serious real-
world consequences. Obviously, one should avoid any
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incidents that cause actual pain or harm (such as erasing a file
or destroying a document). In summary, surprises and rever-
sals are tools for changing what people understand and
expect, for stimulating interest and involvement, and for
orchestrating the shape of the action.

In this chapter, we have attempted to define elements of
form and structure that are characteristic of dramatic action
and to relate them to human-computer activity. In the next
chapter, we will consider how the dramatic theory presented
in Chapters 2 and 3 can be employed to understand and
orchestrate human action in representational worlds.
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Dramatic Technigues for
Orchestrating Human

Response

Form and Experience

The goal of the previous two chapters was to establish a
groundwork in dramatic theory that involves principles of
dramatic form and structure. This chapter will explore tech-
niques for applying that theoretical knowledge to the task of
designing interesting, engaging, and satisfying human-com-
puter activities. The effectiveness of these techniques relies on
the relationship between form and experience, in terms of
both the ways in which form influences content and the direct
impact of the formal and structural qualities of a work on
human thought and emotion.

Drama Versus Narrative

One way to get at the special qualities of drama that are most
relevant in the design of human-computer activity is to con-
trast it with a related form that has been more commonly
employed by interface designers—namely, the art of narrative.
Narrative has been employed as the structural backbone of
such applications as adventure games and tutorial-style com-
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puter-assisted instruction. Its uses have also been investigated
by workers in the area of information retrieval and presenta-
tion [see, for instance, Lehnert, 1977; Dyer, 1983; and Don,
1990].

Why have we chosen drama rather than narrative as a
global model for human-computer activities? How are
human-computer activities more like plays than stories? Can’t
we get the same kind of intellectual and emotional gratifica-
tion from a good book as we do from a good play? To focus on
the key differences, recall the basic Aristotelian definition of
drama: the imitation of an action with a beginning, middle,
and end, which is meant to be enacted in real time, as if the
events were actually unfolding. Incidents are selected and
arranged by the playwright in a way that is true to the causal
relationships among them.

The key differences between drama and narrative can be
summarized as follows:

» Enactment, meaning to act out rather than to read. Enacted
representations involve direct sensing as well as cognition.
To state it more simply, the stuff of narrative is description,
while the stuff of drama is action.

» Intensification, meaning that incidents are selected,
arranged, and represented, in general, so as to intensify
emotion and condense time. Narrative forms generally
employ the reverse process, extensification, where incidents
may be reported from a number of perspectives and in
ways that expand or explode time (for example, percep-
tions that take only an eye-blink in the “real time” of the
characters in a novel by James Joyce or Virginia Woolf con-
sume whole chapters with perceptual and cognitive detail).
The common-sense observation is simply that time has a
different scale when you are acting out than it does when
you are reading. In Aristotelian terms, this is one of the for-
mal differences between drama and narrative. (For a semi-
oticist’s view of the way in which drama accomplishes the
condensation of action, see Hilton [1991], especially p. 4.)
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» Unity of action versus episodic structure: Another basic dif-
ference between drama and narrative is in the structure of
incidents. Dramas typically represent a strong central
action with separate incidents that are causally linked to
that action, something the neoclassicists called the unity of
action. Narrative tends to be more episodic; that is, inci-
dents are more likely to be quasi-independent and con-
nected thematically rather than causally to the whole.
Drama is typically more intense, tightly constructed, eco-
nomical, and cathartic than narrative. And it is very
important to remember that these things are part of the
form itself; that is, drama affords these qualities because of the
kind of thing it is.

The notion of enactment is intrinsic to human-computer
activity because of its multisensory nature, as we discuss at
length in this chapter and in Chapter 2. Another strong
advantage of a dramatic model is illustrated by the simple
observation that there are limits on the amount of time that a
person can comfortably spend actively engaged in a represen-
tation. I know from many years of acting in and directing
plays, and even from playing cowboys and Indians in my
youth, that when you’re acting something out, three or four
hours is about the upper limit of your emotional energy. I
know from the many hours that I spend humped up over a
hot computer that the energy limit, at least for a person of my
age range, is roughly the same.! Fundamentally, this is an
issue of magnitude and closure. The criterion of magnitude
(discussed near the end of Chapter 2) suggests that the limita-
tion of duration of an action has aesthetic and cognitive
aspects as well as physical ones.

11 feel obliged to include a remark by one of my anonymous reviewers:
“Four hours max ‘humped over a hot computer?” Wimp! In fact, I would
argue that after four hours you may be just starting to get somewhere
interesting . . " My reply is, yes, I'm a wimp. Life is too short to beat the

hell out of yourself doing something that should take a quarter of the time
and be an order of magnitude more fun.
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So, to return to the examples of a narrative approach to
human-computer activity at the beginning of this section, we
may observe that, in today’s marketplace, narrative-style text
adventure games have given way to graphical adventure
games in which the action is represented in a multisensory,
first-person way, with a stronger central action. The designers
at Lucasfilm Games have been pioneers in this shift to a more
dramatic approach. As Lucasfilm designer Ron Gilbert puts it:

If I could have my way, I'd design games that were meant to be
played in four to five hours. The games would be of the same
scope that I currently design, I'd just remove the silly time-
wasting puzzles and take the player for an intense ride. The
experience they would leave with would be much more enter-
taining and a lot less frustrating. The games would still be chal-

lenging, but not at the expense of the player’s patience [Gilbert,
19891

Gilbert’s philosophy has been evident in all of his recent
game designs, and he and his colleagues at Lucasfilm should
be credited with inventing an approach to adventure games
that delivers all the punch of a good movie (see Color Plate I).
Interestingly, although Lucasfilm’s storytelling games do in
fact take much less time to play than the average narrative-
style adventure, people pay the same price for them—willing-
ly trading off narrative duration and description for a shorter,
more intense blast of dramatic excitement.

In the realm of computer-aided instruction, dramatic and
simulation-based approaches have largely supplanted tutori-
als in many content domains.2 Among the leaders in this
trend has been Joyce Hakansson, who has designed and pro-
duced such learning products as Ducks Ahoy!, in which
adventures with ducks in Venice help young students gain

2In 1981, I attended a meeting of the National Council of Teachers of
Mathematics. In those days, teachers preferred computer programs that
provided drill and practice, and they were extremely skeptical of “game-
like” approaches. There were, however, several highly successful game-
like activities that were being used in classrooms. A survey of teachers
revealed that when a learning game was effective in the classroom, it was
reclassified by teachers as a “simulation,” thus circumventing the categor-
ical problem with games.
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dynamic planning skills, and Seahorse Hide 1" Seek, through
which children develop sensitivity to color, shape, and scale
by helping a seahorse hide from its predators in an underwa-
ter landscape. The product has also been used as a beginning
point for creative improvisations among its young users.
Another pioneering group is The Learning Company, publish-
er of such products as Rocky’s Boots and Reader Rabbit, in
which basic concepts in science and language arts are learned
through the manipulation of virtual objects in dramatic con-
texts.3 In the realm of information retrieval and multimedia
design, the Guides project described in Chapter 6 will be used
as an example of an approach that involves both narrative and
dramatic elements. Finally, the new computer-based medium
known as virtual reality (also discussed in Chapter 6) employs
a fundamentally dramatic approach to applications such as
training simulation and scientific visualization.

Structure and Artistry

For the nonspecialist, the idea of a dramatic model may seem
to have more to do with content—interesting situations and
colorful characters, for instance—than with structure. As a
structuralist critic, I have been assailed by both theatre and
computer people for taking what they perceive as a rather
bloodless approach. Structure is not always well understood,
and even when it is, its uses are seen to be analytical rather
than productive. When we see a good film or go to a good
play, we are moved by things that seem to transcend struc-
turalism—a beautiful image, dialogue and action that speak
deeply and genuinely about life. There seems to be a contra-
diction here. If it’s all so structured, how does it get to seem
so lifelike? Surely there is more to it than structure, more to it
than a computer could be programmed to create. People

31t is interesting to note that the designer of Rocky’s Boots, a landmark sim-
ulation that helps kids learn about logic by constructing circuits and using
them to create more elaborate systems, was also the creator of the first
graphic adventure game, Adventure, implemented for the Atari VCS in
1979. Warren Robinett is now a leading programmer in the virtual-reality
medium. All of his work illustrates a dramatic notion of enactment.
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often criticize my approach by countering that a computer
program can never be smart or sensitive enough to make a
beautiful work of art.

These observations are, I think, absolutely true, and they
point to the artistry that is essential in every beautiful made
thing. Artistry transcends and saturates the process. We do
not know what it is that gives a person the ability to conceive
or create magnificence in art. We cannot hope to recreate such
ability computationally, at least not with today’s technology
or any of its conceivable descendants. But our discussion of
the structural aspects of a “beautiful” dramatic action is not
intended to serve as a wholly sufficient explanation for its
beauty. Human-computer activity, like other art forms,
requires artistry that can be contributed only by human
beings. But artistry is deployed within the constraints of the
medium, the tools, and the formal and structural characteris-
tics of the kind of thing that the artist is trying to create.
Artistry and structure are interdependent; both must be pre-
sent if beauty is to be the result. Perhaps more important in
this stage of the evolution of computer-based media is the fact
that artistic sensibility must drive the notion of desired experi-
ence from which the design of technological components must
be derived.

Human-computer activity is like drama in the sense that
the primary designer (or playwright) is not the only human
source of artistry in the completed whole. In the case of the-
atre, the director, actors, designers, and technicians who are
involved in rendering a performance all make contributions
that require artistry. In human-computer activity, there may be
a legion of programmers who have designed and architected
programs on which a given activity depends, graphic design-
ers who created images and animation, wordsmiths who
authored text (or text-generating algorithms), and so on. A
fundamental but often overlooked source of human artistry is
the people who actually engage in the designed activity; that
is, the human agents. (The notion of human agency—the active
collaboration of people with programs in the shaping of
human-computer experiences—is the reason for my avoid-
ance of the word “user” throughout this book.)
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Constraints

Everyone who participates in an artistic endeavor, be they
playwrights, actors, visual artists, or human agents, exercises
creativity. One of the less known contributions of structure is
its role in constraining the creative process. The relationship
between creativity and constraints is mysterious and symbi-
otic.

Constraints—limitations on human behavior—may be
expressed as anything from gentle suggestions to stringent
rules, or they may be only subconsciously sensed as intrinsic
aspects of the thing that a person is trying to do or be or create.
All of us are always operating under some set of constraints:
the physical requirements of survival (the need for air, food,
and water); the limitations of language on verbal expression;
the rules of social acceptability in public situations (e.g., wear-
ing clothes). The ability to act without any such constraints is
the stuff of fantasy—the dream of flight, for instance, or the
pursuit of immortality. Yet even such fantasy powers can be
lost by the failure to comply with other, albeit mythical, con-
straints (witness Prometheus). It is difficult to imagine life,
even a fantasy life, in the absence of any constraints at all.

Why People Must Be Constrained

People engaged in human-computer activities are subject to
some special kinds of constraints. Some constraints arise from
the technical capabilities and limitations of the system itself: If
the system has no speech processing capability, for instance, a
person must employ the keyboard for verbal input and is con-
strained by its vicissitudes—the "QWERTY” layout, for exam-
ple, and the presence or absence of function keys. Other
constraints arise from the nature of the activity as it is compre-
hended by the system. Typically, what you can do in a given
application environment such as a word processor, drawing
program, or computer game is but a subset of all that you
might be able to do with your computer.

. The design of a human-computer activity should be
informed by an analysis of constraints to determine how much
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people should be constrained and what kinds of constraints
are most appropriate. That analysis begins with understanding
the various reasons why constraints are necessary.

The hardware-related reasons for constraints are fairly -

straightforward. They will also change, depending upon the
elaborateness, completeness, and cost of various implementa-
tions of the system. For example, pointing devices that can be
used to enable gestural input currently have a limited range;
hence people must be constrained to stand within a few feet
of a receiver.? Physical acts like running or manipulating
objects in a fantasy world require that conventions be devised
through which the desire to perform such actions can be
expressed. Such conventions, mandated by the technical limi-
tations of systems, are a form of constraints.

Constraints are necessary to contain the action within the
mimetic world—a software-related problem. For example, in
an interactive fantasy version of a Sherlock Holmes mystery, it
would be important to constrain people to the customs and
technology of Arthur Conan Doyle’s nineteenth-century
London (for example, no ballistics tests could be used to
prove that a bullet was fired by a certain gun). Any human-
computer system, no matter how elaborate, cannot be expect-
ed to comprehend all possible worlds simultaneously.
Preventing people from introducing new potential is essential
in the creation and maintenance of dramatic probability.

What is the relationship between the experience of creativ-
ity and the constraints under which we perform creative acts?
In fantasies about human-computer systems, people like com-
puter-game enthusiasts and science-fiction writers tend to
imagine magical spaces where they can invent their own
worlds and do whatever they wish—like gods [for example,
see Vinge, 1981]. Even if such a system were technically
feasible—which it is not, at the moment (the rhetoric of virtual

4Recently, I took part in a demonstration of a new CD-1 player that
employed an infrared remote controller. I pointed at the screen, pressed
the button, and nothing happened. The demonstrator hastily explained
that the pointing device was, of course, “talking to” the console that was
placed a few feet to the left of the screen and not to the screen itself—a
constraint that threatened to short-circuit my nervous system.
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Color Plate 1

Ron Gilbert's The Secret
of Monkey Esland. The
game takes players for
an intense, first-person
romp through a pirate's
world.

Graphics by Steve Purcell,
Mike Ebert, Mark Ferrari, and
Martin Cameron. Copyright

© 1990 by LucasArts Entertain-
ment Company. All rights
reserved. Used under
authorization.




Color Plate 11

Docking molecules at
the University of North
Carolina’s Virtual Real-
ity Laboratory, The mul-
tisensory representation
allows a person to em-
ploy physical as well as
intellectual skills in
salving such problems,
Courtesy of GRIP Project, De-
partment of Computer Science,
University of North Carolina at
Chapel Hill. Supported by the
Mational [nstitutes of Health,
Division of Research Resources,
under grant RR-02170,

Color Plate 11T

Autodesk’s three-
dimensional CAD pro-
gram. The systemn allows
direct manipulation of
scale and allows for bet-
ter visualization through
the ability to fluidly
change visual and con-
ceptual point of view.

(a) The Orlando In-
ternational AutoCAD
computer-aided design
{CAD) software from
Autodesk. This shaded
visualization shows the
main elements of the
project.

(b} This shadcd ren-
dering demonstrates the
capability of AutoShade
to enhance the model
geometry created in
AutoCAD. Shown are the
skylight and supporting
structure in the airside
building’s transfer
sechon.

Used with permission.
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Color Plate IV

A character from Hidden
Agenda by TRANSFiction
Systems, Characters
change their behaviors

in response to the player's
choices and actions as

the leader of a Central
American country.
Copyright € 1980 by TRANS-
Fietion Systems Corporation,
Hidden Agenda™ is a trademark
of Spinnaker Software Corpo-
ration, Cambridge, MA.




Color Plate V

Screens from Habitat, a
networked world devel-
oped by Lucasfilm
Games in association
with Quantum Com-
puter Services, Inc,
Copyright € 1
Lid. All rights
under authorization.
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Color Plate V1 GLIDE WO Rk SHO P
The custom guides
workshop in Guides
3.0. The System Guide is 3 Topics of ntarest
available to coach people e 1 o
on the use of the work-
shop. The window at the
right of the display gives
a dynamic “preview” of
the information items
that a custom guide pre-
fers based on the topics
a person has told it to be
interested in.

Copyright @ 1950 by Apple
Computer, {ne.

Heps Borhembinied

Color Plate VII
Lively agents help peo-
ple find information in

interest Protite

the Guides project.
Copyright £ 1990 by Apple
Computer, Inc,

Color Plate VIII

The NewSpeek display
developed by Walter
Bender,

Copyright 4 1990 by the M.LT.
Media Laboratory.




Color Plate IX

The “old” and “new”
settler woman guide.
The new version is shot
against a neutral back-
ground, and the costume
has been toned down

to merely suggest the
character’s historical role.
Copyright © 1990 by Apple
Computer, Inc
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Color Plate X

Scenes of a virtual real-
ity office that users may
“enter;” created by the
Cyberspace Research
team at Autodesk, Inc.
Interactivity in
Cyberspace includes
such actions as grasping,
moving, releasing,
throwing, ete.

Used with permission,




Color Plate X1I
Anasazi petroglyphs.

Photegraph by Kurt Flulteen,

Color Plate XIil

The great kiva at Chaco
Canyon.
Photograph by Kurt Hulteen.
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reality notwithstanding)—the experience of using it might be
more like an existential nightmare than a dream of freedom.

The relationship between creativity and limitations has
been examined in some depth by psychologist Rollo May. In
The Courage to Create, May asserts the need for limitations in
creative activities:

Creativity arises out of the tension between spontaneity and
limitations, the latter (like river banks) forcing the spontaneity
into the various forms which are essential to the work of art. . . .
The significance of limits in art is seen most clearly when we
consider the question of form. Form provides the essential
boundaries and structure for the creative act [May, 1975].

A system in which people are encouraged to do whatever
they want will probably not produce pleasant experiences.
When a person is asked to “be creative” with no direction or
constraints whatever, the result is, according to May, often a
sense of powerlessness or even complete paralysis of the
imagination. Limitations—constraints that focus creative
efforts—paradoxically increase our imaginative power by
reducing the number of possibilities open to us. Limitations
provide the security net that enables us to take imaginative
leaps:

Imagination is casting off mooring ropes, taking one’s chances
that there will be new mooring posts in the vastness ahead. . . .
How far can we let our imagination loose? . . . Will we lose the
boundaries that enable us to orient ourselves to what we call
reality? This again is the problem of form, or stated differently,
the awareness of limits [May, 1975].

The closed, knowable nature of a mimetic world provides
a similar security net. People respect the limits of a mimetic
world by refraining from introducing new potential into it (for
instance, avoiding words or actions that the system is unlikely
to “know” about). In exchange for this complicity, people
experience increased potential for effective agency, in worlds
in which the causal relations among events are not obscured

by the randomness and noise characteristic of open systems
(like “real life”).
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Characteristics of Good Constraints

May’s analysis suggests that constraints—limitations on ’fhe
scope and nature of invention—are egsentlal to c;eatlwty.
Certainly, some constraints on the chqlces and actions that
may be expressed by people are techr}lcal!y essential to any
human-computer activity. The question 1s how those con-
straints should be determined and expressed. Thg standard
techniques for introducing constraints—instructions, error
messages, or dialogue boxes, for instance—are almo§t always
destructive of our engagement in the activity by forcing us to
#pop out” of the mimetic context into a metacontext of inter-
face operations. o N
Constraints can be either explicit or implicit. Explicit con-

straints, as in the case of menus or command languages, are
undisguised and directly available. When we are in doubt
about the “legality” of certain choices or actions, we.should
be able to find the rules and protocols of a system stralghtfor-
wardly expressed, either in the manual, or in an on-line
“help” facility. Implicit constraints, on the other hand,' may pe
inferred from the behavior of the system. We can identify
implicit constraints when a system fails to allow us to make
certain kinds of choices. There is no way, for example, to
negotiate with the enemy in most combat-b.ased computer
action games. In most word processors, there is no facility for
»drawing” or “painting” images in a dgcument, and tl}e
absence of drawing tools makes it less likely t‘hat we will
think of doing so. Some constraints have both implicit and
explicit qualities. In Microsoft Excel, for example, menu-t
based operations are not selectable and the document canno
be closed until the current item has been p'roperl?,f entered on
the spreadsheet. If we attempt sgch an ”111ega}1 ”man;:uhver,
nothing happens at all. We may infer from this "non e‘f?v-
ior” that we must do something else or do something difter-
entl%l,'xplio::it constraints can be used without damage tz
engagement if they are presented before the action begl?s. :
good example is the determination and expression of rudes in
child’s play, which occurs before play actually begins and cre-
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ates a contract binding the participants to behave within
certain constraints. Once the action has started, however,
explicit constraints often prove disruptive—an argument
about the rules can ruin a perfectly good session of cowboys
and Indians ("Wait a minute—who says Indians can only be
killed with silver bullets?”).5 Implicit constraints are prefer-
able during the course of the action, simply because the
means for expressing them are usually less intrusive than
those used for explicit constraints.

Constraints may also be characterized as extrinsic or
intrinsic to the mimetic action. Extrinsic constraints have to
do, not with the mimetic context, but with the context of the
person as operator of the system. Avoiding the “reset” and
“escape” keys during play of a game has nothing to do with
the game world and everything to do with the behavior of the
computer. Playing an improvised scene without the use of
language has nothing to do with the dramatic action of the
scene but is an extrinsic constraint designed to improve the
actors’ gestural acuity—a different context than the mimetic
one. Extrinsic constraints have been used successfully in a
variety of sports and other disciplines to distract the part of
consciousness that can interfere with performance [see
Gallwey, 1976]. The technique is generally inappropriate in
human-computer activity, however, because it sets up a sec-
ondary context that demands part of a person’s attention.

Extrinsic constraints can be made to appear intrinsic when
they are expressed in terms of the mimetic context. If the
“escape” key is defined as a self-destruct mechanism, for

5An interesting exception is the ongoing process of rule-making and
enforcement that is sometimes an element in children’s play—a sort of
metagame that provides its own distinct pleasures. A similar metagame
occurs in the theatre when stagehands and “real people” wander in and
out of the action, as in some of the plays of Christopher Durang and
Thornton Wilder, or in certain productions of Brecht. Seen in this way, the
metagame is also mimetic, and the actors are merely performing the roles
of “real people” as well as portraying other dramatic characters. Because
it is mimetic, this is a “false” context shift, much like a play within a play,
or a dream in which one has false awakenings. Such metagames or meta-

plays do not violate engagement, but enhance it through the same means
as the mimetic “core” activity.
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instance, the constraint against pressing it in the course of fly-
ing a mimetic spaceship is intrinsic to the action. We need not
shift gears to consider the effect of the key upon the computer
or the game program. Expressing constraints in this manner
preserves the contextual aspect of engagement.

Another good example of well-contextualized extrinsic
constraints is the “borders” option in Microsoft Word 4.0.
Once we have reached the screen in which borders can be cre-
ated, we see a graphical, direct-manipulation interface. We
can move lines of various types around in a representation of
a document until the desired border style has been achieved.
Unfortunately, getting to this neat little border construction
screen is problematic at best. We must select “paragraph”
from the “format” menu and then click on a “borders” button
on the paragraph screen, a logical hierarchy that is forced
upon the activity. Directness is obliterated by the operational
overhead created by this scheme. A second problem is that
buttons defining border styles coexist with the direct-manipu-
lation display on the borders screen and have doppelgéanger
functionality. Nested within the button problem is the addi-
tional difficulty that the top three buttons invoke actions,
while the fourth is also used inconsistently to indicate a state
or mode that we may have entered by combining other ele-
ments via direct manipulation. No wonder people have diffi-
culty with it. (My husband, a senior engineer at Apple
Computer, hasn’t figured it out.)

The mimetic context itself can be teased apart, especially
in task-oriented activities. Badker [1989] uses the interface for
creating footnotes in Microsoft Word as an example of how a
task that is part of the general context of document creation is
nevertheless extrinsic to the subcontext of writing the text.
The WYSIWYG-style interface for authoring does not work
for footnote creation; the flow of the authoring activity is dis-
rupted by the dialogue box that requires the author to specify
the form of a footnote beiore actually writing it. The point
here is that an activity that may be part of the mimetic whole
can be seen to inject extrinsic constraints if it is staged or rep-
resented poorly. Badker’s example can be seen as a failure in
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_the arrangement of incidents, with the b
Ing engagement,
. Constraints should be applied without shrinking our per-

ceived range of freedom of action: Constraints should lix};it
not what we can do, but what we are likely to think of doin :
Such implicit constraints, when successful, eliminate the nee%i
for ex.plicit limitations on our behavior, Context is the most
eff.e'ctlve medium for establishing implicit constraints The
ability to recognize and comply with implicit, context—l;ased
_constramt's is a common human skill, exercised automaticall
1N most situations and not requiring concentrated effort or
explicit attention. It is the same skil] that we use to determine
what t.o.say and how to act when we interact with a group of
unfanphar people—at a party, for instance, The limitations on
behavior are not likely to be explicitly known or conscious]
mulled over; they arise naturally from our growing knowl}-’
edge of the context. The situational aspects of the current con-
text and Fhe way in which they have evolved over the cours
of t'he action establish dramatic probability that influences ou:'3

y-product of disrupt-

although explicit and extrinsic constr

Establishing Constraints Th
Character and Action rough

?eu;sgnl;lf)?;atll(;C]zr:lf?:)f-rgac'té\,ities are dramatic in nature, it is
: uidance in the development of con-
straints to other dramatic forms: theatrical erI;o .
Improvisation. In the theatre, the actor is cgnstrarim d b e
gzrrfic;rrr;)anctoil of a character primarily by the script, :ﬁg sl:c:)}xlf
o }é y the Fhrector, the accoutrements of the theatre
uding scenic elements, properties, and costumes), and th
perfqrmances of fellow actors. The actor must wor1,< withixi3
eﬁagtmg constra}mts, which dictate the character’s every word
¢hoice, and action. In spite of these narrow limits, the actoxj
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still has ample latitude for individual creativity. In the words
of acting teacher Michael Chekhov:
Every role offers an actor the opportunity to improvise, to
collaborate and truly co-create with the author and director.
This suggestion, of course, does not imply improvising new
lines or substituting business for that outlined by the director.
On the contrary. The given lines and the business are the firm
bases upon which the actor must and can develop his impro-
visations. How he speaks the lines and how he fulfills the bus-
iness are the open gates toa vast field of improvisation. The
“hows” of his lines and business are the ways in which he can
express himself freely [Chekhov, 19531

The value of limitations in focusing creative activity is rec-
ognized in the theory and practice of theatrical improvisation.
Constraints on the choices and actions of actors improvising
characters are probably most explicit in the tradition of com-
media dell'arte. Stock characters and fixed scenarios provide

ormal constraints on the action in that they affect the actor’s
choices through formal causality. Conventionalized costumes
for each character, a standard collection of scenic elements
and properties, and a repertoire of 1azzi (standard bits of busi-
ness) provide material constraints on the action. Likewise, peo-
ple who are engaged in computer-based mimetic activities are
subject to formal and material constraints. '
Constraints expressed On the level of character may func-
tion as either material or formal constraints, depending upon
how they affect the action. Traits and predispositions provide
materials from which action is formulated. They also give
form to thought, language, and enactment.
Specific objectives or motivations on the part of the human
agent(s) constrain the action in both games and task-oriented
applications. Highest-level objectives (or, in the lingo of

ing, “super—objectives”) are usually known explicit-

method acti
ly before the action begins. Computer games provide obvious

examples. In Star Raiders, for instance, the objective of the
human character is to destroy all the Zylo
rants of the galaxy. In Zork, the objective
treasures in the maze and return them to t

is to gather all the
he trophy room. In
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P ’ ' ]
d:;ﬁ,r Brothers’ The Empire Strikes Back, the objective is to
destre ey a}f r}r:any of the Imperial Walkers as possible before
as SyC X Ifcce f? tg powe;1 plant and blow up the planet. However,
iction author Harlan Ellison ob in :
2 ' rla observed in an unpub-
l;(selclsisree\t/}lsx{) ;)(f; the game, it is not possible to meet that Fg);lclngl
guys just keep getting bett icti
shared by many video “ : e Eon o
games. “The lesson,” m i “i
the lesson of Sis o e oy ot
yphus. You cannot win. You can
; ‘ : . only wast
gce)ufV liltfﬁ it;ufgll;ng faxtxd struggling, getting as good as zlou car?
be, e of triumph.” One might s i
: : peculate tha
;Iﬁzrsdl?ly frustrat}ng feature of game design contributésils
; r?Ct ml:e of .the video-game genre in 1983 and 1984.
eelt ine:isi -ct)rlented applications, the choice of the application
tselt & cates an awareness of super-objectives: Word proces-
sore tcr)ec;lesetd to c;eate documents, drawing programs are
ate graphical compositions, etc. H
cations become more inte Hosible (or e rentoron
: ted and flexibl
" C gra exible (or are repl
ez' uiri\‘\,/;:gm;:;s 1als concleptual units in the human-coline;cszi
. , people’s goals cannot be so readily i -
o ), S cal adily inferre
systzgsn‘z‘ﬁlcmg Cxlvhat applications they 1aur1ch.yIncreasi1C11 113}’
oo e tnee L to employ‘either explicit conversations wgit}}];
P iaucs ¢ ce)arirrr:;ne ta;k objectives or implicit user-modeling
er objecti ior, i
e jectives from behavior, as discussed
Th i i
Persone :;iyhui which a computer-based system responds to a
e ectves ed P to narrow down and flesh out the person’
Object Pe(,, aln 1; can also lead to fairly predictable kinds oi’
actio a.re rap iil Iv ci play computer games find that their objec-
A workinp }fl e abora.ted as the action progresses throd h
the friend%s 0t drama}tlc probability. As the Zylon; closegin
on discoveryt}slaatrlxje in a game of Star Raiders, for instance
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When a person’s super-objective is not clear-cut from the
point of view of the computer (as in the case of integrated
applications or environments), techniques could be devised
for inferring it, without imposing explicit limitations. For
instance, the system might notice what tools we select, how
often, and in what combinations. This noticing behavior could
enable the formulation of a hypothesis about our immediate
objective, leading to the automatic tailoring of the environ-
ment and tools. As other tool sets are used, the system could
formulate a more global hypothesis about the whole activity.
If the activity is such that inferences of this type have a low
probability of being accurate or a high probability of being
annoying or confusing, explicit dialogue could be employed.
Explicit dialogues with the “system” about our intentions (as
in the Badker example earlier in this chapter) can be tedious
and disruptive. Conversely, casting the conversational partner
as an agent character (as opposed to the amorphous “system”)
can provide contextual smoothing. For instance, in a research
project at Apple Computer, Allen Cypher developed a pro-
gram that can sense repetitive activity (Figure 4.1). When the
program notices that a person is doing something over and
over (such as adding numbers or animating an object frame-
by-frame), an agent named “Eager” appears and offers up a
plan for completing the activity. This highly animated dia-
logue, coupled with the program’s power to clarify the per-
son’s objectives and help to achieve them, provides a very
attractive means for introducing formal constraints [Cypher,
1990 and 1991].

In activities where we interact with more contentful
worlds (such as simulation environments), a system might
utilize templates to ascertain our objectives. A system could
notice what we are doing, select a template that most nearly
matches our apparent motivation, and adjust the system’s
contributions to the action accordingly. For instance, a person
interacting with a simulation of a space station might be try-

ing to redesign it or trying to Jearn how to operate its controls,

or perhaps to experience the environment under various con-
ditions. There is the beginning of a “plot” implicit in each of
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these goals, and the system could assist in bringing that plot

to life. The system’s reasoning might go something like this:

“If he is doing x, then he probably wants y. Therefore inci-

dents 4, b, and c are likely to cause him to make choices 4, ¢,

and f.” A template would contain the candidate objective and

a set of incidents that would be likely to elicit certain respons-

es based on that objective. The system might then use the per-

son’s actual responses as a measure of the accuracy of its
initial inference and switch templates if necessary. When it

had established a person’s objective with a high degree of

confidence, the system might kick off a specific scenario by

enacting a predesigned inciting incident. Furthermore, infor-

mation about individual people could augment such tem-

plates, tailoring the action to such traits as a person’s job and

skills as well. Such templates would function as recipes for the

formulation of action and could be used to both predict and

constrain a person’s behavior.

Ma}tgrial constraints may be provided implicitly through
exposition presented during the action. People discover
“physical” and behavioral aspects of a mimetic world, charac-
ters, and past events in this manner. To ensure that people
bgcome familiar with such elements early on, the designer of a
s1mgl§tion-based activity may wish to delay active human
participation until the bulk of the exposition has been present-
ed. T}}e “attract mode” of many arcade games performs this
expository function. The notion of “guided tours” employed
by Apple Computer attempts to exhibit the properties and
bel}aylors of key objects in narrated simulations, a kind of pre-
activity exposition. In the Guides project at Apple, the repre-
senfced character actions of slumping, doing other things, and
falling asleep indicate through enactment a guide’s red,uced
leyel of interest in the piece of information that is currently
d1§played. This expository behavior implies that the guide
will have little to suggest in the way of related items.

' The kinds of actions that a person can take in representa-
'Flonal worlds are also constrained by the capabilities of the
input and output devices used in the system. By constraining
what—or whether—people may see, hear, and say, the system
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button in green (c), since it anticipates that the user will click here
next. Eager continues anticipating that the user will navigate to the
third message, select (d) and copy its subject, go to the Subject List,
click at the start of the third line (e), type “3” (f), and then paste in
the subject (g). The user is now confident that Eager knows what to
do, so she clicks on the Eager icon and it completes the task auto-
matically (h).

Images and program are copyright © 1990 by Apple Computer, Inc.
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may implicitly constrain their thoughts, choices, and actions.
In systems that employ simple language parsers, for instance,
words that are unknown to the system cannot effect any
change in the world; choices and actions that are represented
by unknown words cannot be performed.
It is difficult to avoid such a disruptive effect when people
are allowed or encouraged to make choices that they cannot
effectively express to the system. For instance, the text adven-
ture games developed by Infocom are presented entirely in a
verbal mode. People are encouraged to use natural language to
express their choices, and so they expect words to work. They
have no clue to tell them which words are unknown to the sys-
tem except the experierce of failure. On the other hand, given the
text-based nature of the game and the equipment that it is usu-
ally run on, people are never encouraged to attempt to express
themselves through gestures of physical actions. The absence
of visual and kinesthetic modes in the system is accepted as a
given, and the resulting constraints are unobtrusive. Such con-
straints are extrinsic to the action but may be utilized effective-
ly if they are presented simply and explicitly, or if they are
integrated into the mimetic context (for example, “this ship is
not equipped for voice communication”).

Generally, the more modes that are present in the interface
(verbal, visual, auditory, etc.), the more complex the system
must be in order to handle the reception and interpretation of
a wide variety of inputs and to formulate and orchestrate its
responses. Constraining people through limitations on input
and output capabilities pecomes less effective as the number
of modes in the interface increases; separate sets of constraints
for each mode serve t0 confuse and frustrate people. Ina mul-
timodal interface environment, intrinsic formal and material
constraints are therefore preferable to those based on the tech-
nical characteristics of the interface.

Engagement: The First-Person Imperative

In the foregoing discussion, engagement was held up as a
desirable—even essential—human response to computer-
mediated activities. Engagement has cognitive components,
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instruments, and reels of motion-picture film), but the rules
involved in working with the representations (plays or human-
computer activities) must subsume the knowledge, at some
level, that they are representations. Why? First, because the
fact that they are representations is the key to understanding
what we can do with them. Second, because their special sta-
tus as representations affects our emotions about them,
enabling experiences that are, in the main, much more plea-
surable than those we feel in real life. The distinguishing char-
acteristic of the emotions we feelina representational context
is that there is no threat of pain o harm in the real world.

The key to applying the notion of “willing suspension of

disbelief” to representational activities that have real-world
artifacts is to ensure that the likelihood of unintentional effects
on those artifacts approaches zero. The other day 1 experi-
enced a power failure while 1 was working on this
manuscript. I had learned to save my work often, but losing
just a few paragraphs evoked plenty of unpleasant real-world
emotion. Quite simply, my system should never have let that hap-
pen. My first word processor, although it lacked nearly all of
the features that I appreciate in the one I use today, had a fail-
safe feature that took the opportunity to automatically save an
active file whenever there was a pause in the input
stream—on the average, about every seven seconds. For peo-
ple who use systems without such a feature, a power outage
can be a context shift of the worst possible kind. Such inter-
ruptions to the flow of representational activity must be
avoided if the powers of representational media are to be pre-
served. Saving my work has receded from an obsession to a
kind of tic, but it shouldn’t be there nipping at my subcon-
scious at all.

Furthermore, engagement entails a kind of play-
fulness—the ability to fool around, to spin out “what if” sce-
narios. Such “playful” behavior is easy to see in the way that
people use spreadsheets and word processors. In my house-
buying example in the previous chapter, 1 played around with
different scenarios for making trade-offs in my purchase deci-
sion. The key quality that a system must possess in order to
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never be forced to interact with the system qua ?l}’lstne&n,
indeed, any awareness of the system as a distinct, “rea Z f t}t\}é
would explode the mimetic illusion, just as a clea; V'll(-i?;ll the
stage manager calling cues woulq disrupt the d'V:'l i 1g u
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Characteristics of First-Person Experience
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i 1, 1986b]. In gram ,
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are third-person experiences; the viewer or reade}‘ 18 }?};2151 er-
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uqugeEcy is a key component of first-person exper1ence,.(
Although we may describe experiences(lm whf(c}:‘}} wIe i;i 1?eod
1 i nouns (I saw this, 1 8
an agent using first-person pro
that)g the ability to do something sooner or later emerges asbz
crite;ion. On the one hand, doing very s1r3plfe thlrr:gsa rc\:(a:\: be
i —looking around, for1 ,
an expression of agency—looking
reachiI;g out and touching something (such simple types of
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agency are often responsible for the “breakthrough” experi-
ences reported by many people who have used contemporary
virtual-reality systems). On the other hand, doing something
relatively complex in an indirect or mediated way may not
have a first-person feel. In the early days of computing, pro-
grammers would submit a program and data on punched
cards and come back to pick up the results a day or two later.
Although they were telling the computer what to do quite
exactly, during the hours of waiting for the computer to
“crunch” those programmers were not experiencing a feeling
of agency. Today, imploring a system to do something in a
highly constrained, formal language can engender a similar
feeling that somebody (or something) else is in control.

This is not to say that people cannot experience agency
when there are computer-based agents in the representational
environment. Agents that are well characterized and
amenable to dialogue and collaboration can give a person the
sense of being one of several agents in a complex action. An
agent can be a mentor or a dictator, a liberator or a jailor. The
difference is in the person’s experience of agency—the power
to take action—whether the context includes other agents or
not,

First-person sensory qualities are as important as the
sense of agency in creating satisfying human-computer expe-
riences. Quite simply, the experience of first-person participa-
tion tends to be related to the number, variety, and integration
of sensory modalities involved in the representation. The
underlying principle here is mimetic; that is, a human-comput-
er experience is more nearly “first-person” when the activity it
represents unfolds in the appropriate sensory modalities. The
intuitive correctness of this notion is witnessed by the direc-
tion of technical evolution in the areas of simulators and
games—toward higher resolution graphics and faster ani-
mation, greater sound capabilities, motion platforms, and
mimetic input devices like force-feedback controllers. In task-
oriented applications, new technologies are allowing
researchers to replace indirect or symbolic representations and
manipulations with direct, concrete ones—for example, physi-
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cally pointing or speaking as opposed to tzifpm%, stlila;tllarlea?i
graphical representation of data as opposed to tex u vglu.
sentation, etc. (see Color Plates I aqd III)..L11<.ew1se, e1 e hy
tion of natural-language interfaces 1s beginning to rep a;e g
elaborate conventions of menu-based and c:.ommancli1 e':sere
systems with systems that emplo}f language in ways . a as-
mimetic of real-world activities like cogversatlon an qug t
tion-and-answer dialogues [see, for instance, Schmandt,
7 ’
198Lr')5]énsory first-personness is not lirr.li.ted to the sysltem ]
“output”; it must include the moc%allt%es that pesc?p e Fica.r;
employ when they take action in‘ mimetic worlds. 11)nc,ée i eln
all one representation, the desire for symmetry be 'WZ'S-
“input” and “output” modalities is strong, Er‘\gage.?\'enti(s rln -
rupted when my machine talks to me (especially if it als s e
a question) and I car't talk back 8 Furthermore, the real-wor :
relationships among modalities affect our expectatlons in retpr
resentational worlds that include them; for 1nstanc§, gria gt
force applied to the throwing of an object shoulhorl?le::1 ;ee;l
appear to go farther, surfaces that look bumpy s
bumpy, and balloons make noise when they pop. it
When we sit back and contemplate the complexi ﬁ
involved in creating first-person experiences, we are terr’\f’;eu
to see them as a luxury, not a necessity. But we }rlnustn tae;k
prey to the notion that more is always better, o that our ask
is the seemingly impossible one of emulating tbe se?sc;‘ryit d
experiential bandwidth of the real_ world. AI:tlSth se gclly }tlhe
the countervailing force—capturing what is essential in the
most effective and economic way. A good lme—.draw;\ ani 2—
tion can sometimes do a better job of capturing the mov

7This paragraph is adapted from “Interface as Mimesis” [Laurel, 1986bl.

8The Guides project provides a counter-example. The se\f/erall/%uxsdis1 ;igt:-;
fact speak at various points in the program. The desxyreuor emb}(f) s
is mitigated by context: The guides are cast as storyte ersc,1 othersyl ing 2
conventional relationship in which one person tall;z an o e be
without interruption. Even so, the produ.ct wou ur'1t‘ ub lenzlent-
improved by the addition of voice input. But if and when it is '11pneed v
edpthen the content and conversational style of that input xgl
méasure up to those of the computer-enacted agents—a tall order.
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ments of a cat than a motion picture, and no photograph will
ever capture the essence of light in quite the same way as the
paintings of Monet. The point is that first-person sensory and
cognitive elements are essential to human-computer activity.
There is a huge difference between an elegant, selective multi-
sensory representation and a representation that squashes
sensory variety into a dense but monolithic glob of text.
Multisensory experience offers advantages that go beyond
engagement, as media theorist Tom Bender describes:

The kinds of information we receive from our surroundings are
quite varied, and have different effects upon us. We obtain raw,
direct information in the process of interacting with the sit-
uations we encounter. Rarely intensive, direct experience has
the advantage of coming through the totality of our internal
processes—conscious, unconscious, visceral and mental—and
is most completely tested and evaluated by our nature.
Processed, digested, abstracted second-hand knowledge is
often more generalized and concentrated but usually affects us
only intellectually—lacking the balance and completeness of
experienced situations. . . . Information communicated as facts
loses all its contexts and relationships, while information com-

municated as art or as experience maintains and nourishes its
connections [Bender, 1973].

Bender’s observations have been supported quite persua-
sively by the “multimedia revolution” in computer-based edu-
cational activities. Likewise, educational simulations (as
opposed to tutorial or drill-and-practice forms) excel in that

they present experience as opposed to information. Learning
through direct experience has, in many contexts, been demon-
strated to be more effective and enjoyable than learning
through “information communicated as facts.” Direct, multi-
sensory representations have the capacity to engage people
intellectually as well as emotionally, to enhance the contextual
aspects of information, and to encourage integrated, holistic
responses. This broad view of information subsumes artistic
applications, as well as traditional knowledge representation.
What Bender calls “direct experience,” plus the experience of
personal agency, are key elements of human-computer activity.
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Empathy and Catharsis

In drama, we experience empathy with the characters; that is,
we experience vicariously what the characters in the action
seem to be feeling. Empathy is subject to the same emotional
safety net as engagement—we experience the characters’ emo-
tions as if they were our own, but not quite; the elements of
nreal” fear and pain are absent. When we are agents in a
mimetic action, our emotions about our own experiences par-
take of the same special grace. When I took my five-year-old
daughter on the Star Tours ride at Disneyland (a wild ride
combining flight simulator technology with Star Wars con-
tent), she turned to me in mid-shriek and shouted, “If this was
real, 1'd be scared!”

Even in task-oriented applications, there is more to the
experience than getting something done in the real world, and
this is the heart of the dramatic theory of human-computer
interaction. Our focus is not primarily on how to accomplish
real-world objectives but rather how to accomplish them in a
way that is both pleasing and amenable to artistic formula-
tion—that is, in a way in which the designer may shape our
experience so that it is enjoyable, invigorating, and whole.

When we participate as agents, the shape of the whole
action becomes available to us in new ways. We experience it
not only as observers or critics but also as comakers and par-
ticipants. Systems that incorporate this sensibility into their
basic structure open up to us a whole new dimension of dra-
matic pleasure. This is the stuff of dream and desire, of life
going right. It is the vision that fuels our love affairs with art,
computers, and any other means that can enhance and trans-
form our experience.

The experience of pleasure in a whole action is also influ-
enced by how that action is defined or bounded. In the
domain of document creation, for instance, my pleasure and
satisfaction has been enormously increased by developments
in word processing and printing technology that allow me to
engage in more of the whole action, from inception to final
result. In the days of typewriters, one created documents that
would be completely transformed in appearance (one hoped)
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through the process of publication. Through the addition of
document design to the application of word processing, and
With the assistance of a laser printer, I can now influence the
final appearance of a publication through my own (design
anFi formatting) actions, and I can bask in the sense that the
thing is really done by seeing it in something that closely
approximates its published form. We will develop this exam-
ple further in Chapter 6.

The most complex and rewarding result of dramatic
action is catharsis, defined by Aristotle as the pleasurable
release of emotion. That's not to say that all emotions aroused
by a play are necessarily pleasant ones. Pity, fear, and terror
are mainstays of noncomic forms. It is not the emotion itself
but its release that is deemed “pleasurable.” Furthermore:
emotions aroused by a play differ in context and expectation
from those experienced in real life. When we are viewing a
Play or film or even riding a roller coaster, we expect emo-
tions to be aroused and to have the opportunity to release
tchem. Aristotle’s point is that emotional arousal and release is
1ptrinsically pleasurable in the special context of representa-
tions; indeed, that is one of their primary values to us.

In Chapter 1 we discussed a Brechtian view of catharsis
that suggests that emotional closure necessarily takes place
beyond the temporal “ending” of a play. Brecht’s hypothesis
was based on a view that requires the integration of the expe-
rience of a play into our ongoing life. Brecht’s ideas have been
interpreted primarily in a political and social light. Julian

Hilton offers a more semiotically inclined view of the same
phenomenon:

The to.tality of the performed event functions as a means of
reflective support to the audience, which by no means stops
when the performance itself stops. Indeed, in the case of
fundamental mythologic structures, such as the Pygmalion/
Galfathea mythology to which I referred above, their power
‘derlves doubly from their synecdochic property of representing
in parable form a common human truth and from their per-
sistence in real time operations of the imagination—that is, the
imagination uses such myths in a way similar to programr,ning
macros or subroutines. The attraction of reflective support is
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that it accepts and draws interest from the potential for
contradictory resolution of any problem and turns the contract
of error from a negative one (a loss of truth or of totality in
content) into the leading edge of investigation [Hilton, 1991].

Catharsis depends upon the way that probability and
causality have been orchestrated in the construction of the
whole; it also depends upon our uninterrupted experience of
engagement with the representation. More than that, it is the
pleasure that results from the completion of a form. The final
form of a thing may be suspected from the beginning or
unforeseen until the very end; it may undergo many or few
transformations. It may be happy or sad, because the “suc-
cess” of the outcome in terms of the representational content
is not nearly so potent as the feeling of completion that is
implicit in the final apprehension of the shape of a whole of
which one has been a co-creator. The theory of catharsis dic-
tates that no matter how monumental or trivial, concrete or
abstract, the representation affords the occasion for the com-
plete expression of those emotions that have been aroused in
the course of the action. In plain terms, it means that we must
design clear and graceful ways for things to end.

Of all forms of human-computer activity, computer games
are both the worst and best at providing catharsis. They are
the best when a player or a computer-based opponent wins,
and they are the worst when no one wins, but the action is
truncated because it could not continue. In task-oriented

environments, the trick is to define the “whole” activity as '

something that can provide satisfaction and closure when it is
achieved. This depends in part on being able to determine
what a person is trying to do and striving to enable them to
do all of it. In simulation-based activities, the need for cathar-

9Here again, it seems that the designers at Lucasfilm are in the forefront.
Ron Gilbert counsels game designers to avoid situations in which a player
must “die in order to learn what not to do next time.” [Gilbert, 1989] In a
presentation at SIGGRAPH 90, LucasArts Entertainment’s research direc-
tor Doug Crockford showed a re-edited version of Star Wars in which
Luke Skywalker was killed in his first battle with Darth Vader. The story
was over in less than three minutes.
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sis strongly implies that what goes on be structured as a
whole action with a dramatic “shape.” If I am flying a simu-
lated jet fighter, then either I will land successfully or be
blown out of the sky, hopefully after some action of a duration
that is sufficient to provide pleasure has had a chance to
unfold: P:light simulators shouldn’t stop in the middle, even if
the training goal is simply to help a pilot learn to accomplish
some midflight task. Catharsis can be accomplished, as we
have seen, through a proper understanding of the nature of
the whole action and the deployment of dramatic probability.
If the end of an activity is the result of a causally related anci
yvell-crafted series of events, then the experience of catharsis
is the natural result of the moment at which probabilit
becomes necessity. ¢
o This chapter has analyzed various ways in which dramat-
ic ideas and techniques can be employed to influence the way
human-computer activities feel to people who take part in
them. Hopefully, it has illustrated some of the benefits of a
dramatic approach in terms of engagement and emotion. The
chapter has emphasized the need to delineate and represent
human-computer activities as organic wholes with dramatic
structural characteristics. It has also suggested means where-
by people experience agency and involvement naturally and
effortlessly. The next chapter explores structural techniques
more deeply, returning to Aristotle’s six elements, and sug-

gesting principles and rules of thumb for designing each of
them in the computer domain.
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Chapter Five

Design Principles for
Human-Computer Activity

Designing Action

Most art forms characteristically involve representations of
real-world phenomena. As Aristotle observed, art represents
not what is, but a kind of thing that might be; environments,
objects, situations, characters, and actions are represented
within a wide range of deviation from real life. The degree
and types of deviations are the result of the form, style, and
purpose of the representation. In drama, only a few styles
(predominantly of the last two centuries) venture far afield
from representing characters, situations, and actions that are
recognizably human or human-like. Likewise, nonrepresenta-
tional styles in painting and sculpture are largely modern
developments that are generally beyond the “mainstream.”
One reason for the preference for real-world objects in artistic
representations, at least in popular culture, may be the fact
that they impose relatively less cognitive overhead on their
audiences. The principle at work here seems to be that real-
world objects make representations more accessible, and
hence more enjoyable, to a larger number of people.
Computers have become an interactive, representational
medium. Understanding what computers really are is an
ongoing definitional process that heavily influences the kinds
of representations that we make with them. Their use in such
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areas as statistical analysis and database management have
led to the notion of computers as representers of information.
Scientists use computers to represent real-world phenomena in a
variety of ways, from mathematical modeling to simulations
that are symbolic, schematic, or realistically multisensory.

The outward and visible signs of computer-based repre-
sentations—that is, the ways in which they are available to
humans—has come to be known as the human-computer
interface. The characteristics of the interface for any given
representation are influenced by the pragmatics of usage and
the principles of human factors and ergonomics, as well as by
an overarching definition of what computers are. Interface
styles that are indirect—that is, those in which a person’s
actions are defined as operating the computer rather than
operating directly on the objects they represent—spring from
the notion that computers themselves are tools. The logic behind
the “tool metaphor” goes like this: Regardless of what people
think they are doing (for example, searching a database, play-
ing a game, or designing a cathedral), they are actually using
their computers as tools to carry out their commands, just
like programmers. It follows, then, that what people are seen
to be interacting with is the computer itself, with outcomes
like database management, document design, learning, or
game-playing as secondary consequences of that interaction
[Laurel, 1986b].

Think of the computer, not as a tool, but as a medium.

This notion of the computer as a tool obviously leads to
the construction and inclusion of concepts in all application
domains that are inconsistent with the context of the specific
representation: file operations, buffers, data structures, lists,
and programming-like syntax, for example. For purposes of
comparison, think about how people use “real” tools. When
you hammer a nail into a board, you do not think about oper-
ating the hammer—you think about pounding the nail. But in
the computer medium the “tool problem” is compounded by
existential recursion: The medium can be used to represent
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tools. Some tools, like virtual paintbrushes, are more or less
modeled on real-life objects. Others, like the omnipresent cur-
sor in all of its instantiations, have no clear referents in the real
world. It is especially in these cases that interface designers
are tempted to represent the tool in terms of computer-based
operations that are cognitively and operationally unnecessary
to their use. Why? Because the computer-oriented representa-
tion is seen as an “honest” explanation of what the tool is and
how it works, and because that’s how the designer under-
stands it. We quickly become entangled in a mass of internal
mythology in contrast to the notion of “external myth” devel-
oped in Rubinstein and Hersh [1984] that we must construct
in a largely ad hoc fashion. We fall through the trapdoor into
the inner workings of the computer.

Interface and application should be couched in the
same context—namely, the context of the objects,
actions, and tools of the representational world.

Interface Metaphors: Powers and Limitations

The notion of employing metaphors as a basis for interface
design has partially replaced the notion of the computer as a
tool with the idea of the computer as a representer of a virtual
world or system, in which a person may interact more or less
directly with the representation. Action occurs in the mimetic
context and only secondarily in the context of computer oper-
ation. The “desktop metaphor” is the leading example of this
interface metaphor, shared by such systems as the Xerox
?STAR and the Apple Macintosh. Windows, desktops, and the
idea of direct manipulation are predominant elements of the
metaphor, most of which emerged from work done at Xerox
Palo Alto Research Center (PARC). Certainly, the move
toward the notion of computers as representers of virtual
worlds is a step in the right direction from the perspective of
dramatic interaction. Interface metaphors have both strengths
and weaknesses, and by examining them we can form a pic-
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ture of what might be the next step in the evolution of human-
computer activity.

The most commonly acknowledged strength of interface
metaphors derives from the naturalness and pervasiveness of
metaphor in human thought and language [see Lakoff gnd
Johnson, 1980]. Interface researcher Tom Erickson describes
how metaphors act as “cognitive hooks” for people:

A word which is used in a metaphorical way is usually just the
tip of the iceberg. A metaphor is an invisible web of terms and
associations which underlies the way we speak and think about
a concept. It is this extended structure which makes metaphor
such a powerful and essential part of our thinking. Metaphors
function as natural models, allowing us to take our knowledge
of familiar, concrete objects and experiences and use it to give
structure to more abstract concepts [Erickson, 1990].

The theory is that, if the interface presents representations of
real-world objects, people will naturally know what to do
with them.

Folders on a Macintosh desktop are a good example.
Folders are containers for documents or files in the real world
as well as the virtual one. You open a folder to get something
out of it. You can put folders inside of folders inside of folders.
You can move folders around on your desk. Some physical
properties of “real” folders are absent—they have no weight,
they don’t make noise when you drop them, and they won’t
give you paper cuts.! But these are “magical” folders that
have several additional properties that are not drawn from the
real world at all—for example, you can sort their contents by
name or date or other criteria, and you can put the same doc-
ument in two folders at once—well, sort of2 But it is precisely
with these “magical” differences that problems begin. Ted

1Even though such properties are not things that anyone would miss, thley
can sometimes enhance experience. As researcher Steve Gano once salc%
“deleting a file should be as satisfying as crumpling up a wad of paper
[Gano, personal communication]. :

2There is a problem in versions of the Finder previous to 7.0. If you make
changes to one of the copies, the changes will not automatically be made
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Nelson’s acerbic analysis presents the counterpoint to
Erickson’s argument:

Let us consider the “desktop metaphor,” that opening screen
jumble which is widely thought at the present time to be useful.
... Why is this curious clutter called a desktop? It doesn’t look
like a desktop; we have to tell the beginner how it looks like a
desktop, since it doesn't (it might as easily properly be called
the Tablecloth or the Graffiti Wall).

The user is shown a gray or colored area with little pictures
on it. The pictures represent files, programs, and disk directo-
ries which are almost exactly like those for the IBM PC, but
now represented as in a rebus. These pictures may be moved
around in this area, although if a file or program picture is put
on top of a directory picture it may disappear, being thus
moved to the directory. Partially covered pictures, when clicked
once, become themselves covering, and partially cover what
was over them before.

We are told to believe that this is a “metaphor” for a “desk-
top.” But I have never personally seen a desktop where point-
ing at a lower piece of paper makes it jump to the top, or where
placing a sheet of paper on top of a file folder caused the folder
to gobble it up; I do not believe such desks exist; and I do not
think I would want one if it did [Nelson, 1990].

The problem with interface metaphors, as illustrated by
folders and other aspects of the desktop metaphor, is that they
are like reality only different. Why should this matter?
Because we don’t know precisely how they are different. If we
could really treat interface metaphors like metaphors, they
might work. In actuality, interface metaphors are similes;
whereas a metaphor posits that one thing is another, a simile
asserts that one thing is like another. But what is being com-
pared to what? Now there is a third part to the representation:
the simile (a representational folder), the real-world object (a
real folder), and the thing it really is (a bundle of functionality

to any of the others. System 7.0 attempts to solve this problem by intro-
ducing a special kind of “copy” of a file (actually a pointer to the original
file), with a slightly different graphical representation. These special
copies or “aliases” reflect all changes to a file automatically.
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and a data structure). This phenomenon is well illustrated in
Nelson’s comment above, where he never uses the word fold-
er at all, but refers to it as a “disk directory.” The simile
becomes a kind of cognitive mediator between a real-world
object and something going on inside the computer.

What happens if we try to use interface similes? Alas, we
must form mental models of what is going on inside the com-
puter that incorporate an understanding of all three parts. The
only way to comprehend what the trash can on the Macintosh
desktop is doing, for instance, is to form an elaborate mental
model of its several disparate functions. In this way, interface
metaphors can fail to simplify what is going on; rather, they
tend to complicate it.3 Our “naive physics of computing”
comes into play when we must explain to ourselves the ways
in which the behavior of mimetic objects differs from the
behavior of their real-world counterparts [Owen, 1986].

To put it another way, the problem with interface
metaphors (or similes) is that they act as indexes (or pointers)
to the wrong thing;: the internal operations of the computer.
John Seely Brown of Xerox PARC puts it this way:

It is not enough simply to try to show the user how the system
is functioning beneath its opaque surfaces; a useful representa-
tion must be cognitively transparent in the sense of facilitating
the user’s ability to “grow” a productive mental model of rele-
vant aspects of the system. We must be careful to separate
physical fidelity from cognitive fidelity, recognizing that an
“accurate” rendition of the system'’s inner workings does not
necessarily provide the best resource for constructing a clear
mental picture of its central abstractions. [Brown, 1986]

3Incomplete or incorrect mental models of the inner workings of the
machine can also elicit “superstitious” behaviors (of the type that psychol-
ogists report in operant conditioning experiments, where pigeons “learn”
that they must turn around three times and hop on one foot in order to
receive a food pellet, because they happened to do it the first time and it
#worked”). For instance, for the first year that I used Multifinder on my
Macintosh, I believed that all applications had to be closed before I could
shut down, because the first time I shut down without closing all the
applications the machine crashed. I thrashed around without a clue as to
why the problem occurred and came up with a solution that was based on
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I fundamentally agree with Brown'’s assessment. The term
“central abstractions” seems to be roughly equivalent to what
I call the representation. The point, then, is that object of the
mental model should not be what the computer is doing but
what is going on in the representation—the context, objects,
agents, and activities of the virtual world.

Another strength of interface metaphors is coherence—all
of the elements “go together” in natural ways. Folders go with
documents that go with desktops. To the extent that this
works, the mimetic context is supported-and you can go about
your business in a relatively uninterrupted way. But there are
two ways to fall off the desktop. One is when you start look-
ing for the other things that “go” with it and you can’t find
them—filing cabinets, telephones, blotters for doodling and
making notes or even an administrative assistant to make
some calls or type some letters. The other way to fall off the
desktop is to find something on it that doesn’t go with every-
thing else, thereby undermining or exploding the mimetic
context—for example, a trash can that gobbles up your trash
seemingly at random and ejects your disks.

A third, highly rated strength of interface metaphors is
their value in helping people learn how to use a system. The
difficulty comes in helping a person make a graceful transi-
tion from the entry-level, metaphorical stage of understand-
ing into the realm of expert use, where power seems to be
concentrated specifically in those aspects of a system’s opera-
tion where the metaphor breaks down. In this context, the
usefulness of a metaphorical approach can be understood as a
trade-off between the reduced learning load and the potential
cognitive train-wrecks that await down the track.

Interface metaphors have limited usefulness.
What you gain now you may have to pay for later.

some fairly week inferences about what Multifinder was doing. It
“worked” so I kept doing it.

4 allu_de, of course, to the famous Macintosh trash can. The NeXT
machine’s “black hole” icon is an interesting alternative, but as a metaphor

it suggests a disturbing irreversibility. One can, after all, take things back
out of a trash can—usually.
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Alternatives to Metaphor in Design

Nelson offers an attractive alternative to “metaphorics” in
what he calls “virtuality.” The design of a virtuality is driven
not by its likeness to real-world phenomena but purely by
conceptual structure and feel. Nelson’s belief is that, if these two
elements are clearly understood and well implemented,
things with no real-world referents can be successfully repre-
sented with computers. He offers this example:

VisiCalc™, the first spreadsheet program, was a remarkable
achievement: not only did it take the business concept of a
paper spreadsheet and give it automatic calculation, but its
whole structure was a tour de force in the design and balancing
of principle. VisiCalc’s REPLICATE feature is an excellent
example of the abstract nature of the design of principle. To
replicate a column and its formulas corresponds to nothing that
was on earth previously; and by dismissing Metaphoric think-
ing, it could be designed cleanly with no reference to anything
that had come before [Nelson, 1990; for a fuller discussion, see
Nelson, 1987, pp. DM 69-71).

Although Nelson would probably disagree out of pure
cantankerousness, his notion of virtuality is fundamentally
similar to a dramatic notion of representation in at least three
ways. First, actions that are quite novel can be effectively rep-
resented by establishing causality and probability (the notion
of probable impossibility). True, representations may not have
any real-world counterparts (as in the example above), but
they exhibit clear causal relations—if I do this, that will hap-
pen, reliably and consistently. Second, effective representation
of such obijects or actions requires a sensory (visual or multi-
sensory) component. For instance, Nelson proposes “'worm-
holes’ out of which information can be enticed” as a kind of
interconnection among various pieces of information in a
hypertext universe. Wormholes constitute “a ‘new’ principle
created to provide a visualization for unseen parts, continu-
ities from the seen to the unseen” [Nelson, 1990]. Third,
Nelson’s emphasis on “feel” implies that the primary attribute
of a representational object is its potential for action of which
the human agent is an intrinsic part.
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The Primacy of Action

One shortcoming of many metaphorical interfaces is that their
design tends be guided by the goal of representing objects and
relations among them as opposed to representing actions. For
example, Microsoft Word 4.0 focuses on representing the hier-
archies of operations and environments that are part of its
massive universe. It does a much poorer job of representing
how its base functionality can be accessed—that is, how to
perform actions. I have used the “footnote” facility of the
product regularly over the last few years. At first I could find
no way of reading a footnote that I had previously entered
except through hard copy. As demonstrated by the magical
“location” in which they are entered, footnotes have a differ-
ent relationship to the “virtual” document than they do in a
printed manuscript—they live “somewhere else.” Therefore I
reasoned that I could read a previously entered footnote by
pretending to be entering another one, in order to enter the
magical “footnote space” again. Quite recently I learned that
the “Page View” option, located hierarchically appropriately
in the “Document” menu, would display the footnote as it
would appear on the printed page, merging the footnote
space into a larger “printed document space.” While teaching
this neat trick to a friend who is a novice user of the program,
she accidentally double-clicked on the footnote number in the
text, and bang!—a trapdoor to the footnote space opened up.?
The point of the previous example is that the various
actions that my friend and I took to read the footnotes, both
the “wrong” and the “right” ones, were in no way suggested
by the representation. How might the situation be improved?
A potential solution derives from one of Shneiderman’s prin-
ciples of direct manipulation: “continuous representation of
objects of interest,” or, to put it dramatically, continuous rep-
resentation of the potential for action. Since “page view” (the

5This whole line of reasoning assumes that people can’t or won’t read
manuals to learn how to do things—at least not at this level of detail. It's
like having to read the English libretto for an Italian opera in a dark the-
atre, only worse. The context shift is fundamentally intolerable, and any
interface designer who thinks it is not has not really investigated how
people learn to use programs.
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mimetic document) is the representation in which both text
and footrote contexts are merged, it could be continuously
represented (in miniature form, much like the page in the
“borders” representation). Highlighting the section of the doc-
ument that one is currently working on could be used both to
indicate the object of current activities (i.e., the text) and,
reversibly, to indicate the desire to act upon a different object
(the footnotes).b

In her book Through the Interface: A Human Activity
Approach to User Interface Design, Sussane Bedker asserts that a
theory of user interface design must be a subset of a larger
theory of human work [Bedker, 1990]. The notion of the prima-
cy of work is shared by Donald Norman [1990]. Baedker advo-
cates “transparency,” and Norman calls for “direct
engagement” with the object of work; that is, the operation of
the interface as a cognitively distinct activity goes away. These
theories, too, support the notion of the primacy of action in
human-computer activity; however, both seem to limit the
domain of human-computer activities to those that are identi-
fied as work. In Bedker’s view, the key to understanding and
designing what is going on in a human-computer activity is
an understanding of work as human action, from the perspec-
tives of psychology and communication theory.

An extension to these observations is that it is not simply
work that we do with computers, but work in a representational
context. And clearly, we do other things with computers,
too—we learn, explore, noodle around, play, and entertain
ourselves. The theory expressed in this book is not inconsis-
tent with the theories of these cognitive psychologists, but it
can coexist harmoniously with them as resources for design-
ers of human-computer activity.

Focus on designing the action. The design of objects,
environments, and characters is all subsidiary to this
central goal.

61t is both impractical and unfair to take potshots at isolated features of an
integrated interface environment. The purpose of this section is not to
“heal” Microsoft Word, but to illustrate a way of thinking about a class of
problems.
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Action is indeed the primary component of human-com-
puter activity—not environments, interfaces, or objects. But
environments, interfaces, and objects are traditionally much
easier to conceive of and represent than a quality that is fun-
damentally invisible, and the structure of which is contested
at best. What design techniques can reinforce the primacy of
action and provide tools for shaping it?

Formal and Material Means for Shaping Action

Action can be shaped through both formal and material
means. In the previous chapters, we discussed the shape of
the action of plays and identified some characteristic types of
action in terms of their structural characteristics and their
function within the whole. We have seen how the structure of
dramatic action affects emotional response and how specific
structures can lead to certain kinds of pleasurable experience.
Now it is time to think about how we might make use of that
structural knowledge.

In my doctoral dissertation, I proposed an architecture for
enabling action with a dramatic structure in interactive fanta-
sy environments [Laurel, 1986a]. The task that I set for myself
was to determine how to go about building a system that
would enable a person to participate in a dramatic action in a
relatively unconstrained way, influencing the events and out-
comes through his or her choices and actions as a character in
the action. Such a system must be responsible for creating,
maintaining, and giving sensory representation to environ-
ments, objects, and characters. It must be able to understand
what the human character is doing and make inferences about
the human’s goals and plans. It must create incidents in the
action, based on what the human and computer-based charac-
ters do, in order to create a whole action with a dramatic
shape. Basically, the system functions like a playwright work-
ing with one bizarre constraint: One of the characters is walk-
ing around in the playwright’s study, inserting actions and
lines of dialogue at will, which must be incorporated into a
pleasing dramatic whole.
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The architecture that I proposed distributes the intelli-
gence required to perform all these functions to various parts
of the system. Computer-based characters, for instance, would
require knowledge about their world, the ability to generate
and modify goals and plans, and the ability to initiate action.
They would also be capable of generating their own physical
representations. With some modifications, I believe that the
approach I developed in the context of interactive fantasy (IF)
could be used to shape dramatic action in other contexts as
well.

At the heart of an IF system is an “expert” on dramatic
structure and playwriting. This entity, called the Playwright,
takes the form of an expert system with knowledge about dra-
matic form and structure and playwriting heuristics. It also
has access to knowledge about the world and the characters in
it, including the human character. The task of understanding
the system characters is relatively straightforward, since their
goals and plans are contained entirely within the system and
are the result of computational processes that the Playwright
can observe and, to a certain extent, control. However, since
the Playwright must use the choices and actions of all the
characters, including the human character, as material for plot
formulation, it must attempt to represent the human character
in roughly the same terms as the system characters. This
requires a two-pronged process of ongoing inference about
and constraint of the human participant.

The Playwright embodies the force of formal causality in
the system. It takes the materials provided by the characters
and formulates them into action according to its under-
standing of the characteristics of “good” dramatic structure.
When the human character does something, the system char-
acters who happen to be involved at the moment all generate
responses to that action on the basis of their individual traits,
goals, and plans. The characters’ suggestions for their next

actions are submitted to the Playwright for review. The
Playwright applies knowledge about the shape of the action
so far to generate structural criteria for the “best” next action

136 Designing Action

Design Principles for Human-Computer Activity

to the task of evaluating the system characters’ suggestions. If
there is a good match, the Playwright directs that character to
proceed and redirects the other system characters to respond
accordingly. If there is no good match, the Playwright can
employ story-generation techniques to design and prescribe
the next incident to the characters for enactment, or it can
tweak the characters’ traits or goals or situational variables so
as to generate an action that is better suited to the emerging
whole (Table 5.1).7

The Playwright might employ various kinds of knowl-
edge to determine what is going on. It might apply the kind of
informational analysis of the action discussed in Chapter 3
(the modified Freytag analysis). It might, using an under-
standing of goals and plans, perform a goal-based analysis of
the central action and conflicts in order to “parse” the action
and create a model of the emerging whole. It might also use
less formal playwriting heuristics to nudge the action in the
direction of conflict or resolution.

So far, we have talked about the notion of an expert sys-
tem exerting formal control over the action only in the context
of IF—an entertainment form—but it is easy to see how a sim-
ilar strategy might be used in other contexts as well.
Simulations are used for a wide variety of purposes, from
training to computer-aided design and engineering. For
instance, computer-based simulations are routinely used for
training purposes in the nuclear power industry and certain
aspects of defense. Learning how to operate a system and
make good decisions in crisis situations is a primary use of
such systems. Dramatic structure could provide the hooks for
introducing elements of complication, crisis, surprise, and
reversal, and could also orchestrate human emotional

7 Although my work in interactive fantasy was primarily theoretical, many
of the ideas contained in it are actively being pursued in the Oz project at
Carnegie Mellon University, under the direction of Professor Joseph
Bates. For information about Oz, see Bates [1990].
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Model Model the plot in progress. Using data from the
WORLD MODEL and SYSTEM CHARACTERS,
the PLAYWRIGHT analyzes the story and
determines the formal characteristics of the plot so
far.

Specify Specify the formal characteristics of appropriate next
incidents. The PLAYWRIGHT formulates
specifications for candidate incidents to use as
evaluation criteria.

Change Change scene, situation, or circumstances if
appropriate.

Modify Modify the goals, priorities, or information access
filters of SYSTEM CHARACTERS if necessary.

Access Access proposals for next actions from the SYSTEM

CHARACTERS. Proposals include explanations in
terms of characters’ traits, goals, and planning
processes.

Simulate Simulate proposed actions and changes to determine
their probable effects on the plot.

Evaluate Evaluate proposed actions and changes by comparing
simulation results to formal specifications.

Mandate Mandate next incident when an acceptable candidate
cannot be produced through the usual processes.

Formulate Formulate script for next incident.

Direct Direct the SYSTEM CHARACTERS and the
ENACTOR subsystem to enact the script.
Control Control its own operation by employing meta-

knowledge and self-knowledge to select problem-
solving strategies. As a by-product of the
CONTROL function, the PLAYWRIGHT can
produce explanations and justifications for its
decisions.

Remember Remember what has happened. A log of the script is
created, with associated explanations and
justifications.

Learn Learn from experience. By noticing how it arrives at

good and bad choices, the PLAYWRIGHT can
improve its own performance.

Table 5.1 Principal functions of the playwright for an IF system.
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response with greater acuity.8 Dramatic criteria could provide
answers to a variety of questions: What is the optimal
moment at which to introduce a system malfunction? What is
the most powerful means for leading a person to a particular
discovery? How can the effects of the traits of coworkers on
the process of crisis management be represented? Training
applications that are perhaps less emotionally charged but
equally filled with dramatic potential can be found in all
aspects of business, including management, production, and
even (gasp) sales. :

Designing action consists of designing or influencing
what kinds of incidents will occur and in what order.

Simulation is a domain where the idea of composing in
the medium of action is quite natural and, to a certain extent,
already embedded in the way that we conceive of simulation-
based activities. Less obvious, perhaps, is the domain of infor-
mation storage and retrieval. The fact that these are seen as
data-intensive applications places the emphasis on informa-
tion as content. In the worlds of hypertext and hypermedia, a
spatial metaphor is the most common means of providing an
interface to information: People “navigate” information
“spaces” or “worlds.” The action, or navigation, is a means to
the end of arriving at an informational “place”—a document
or node. Beyond internal searching that replicates this process
in miniature, there is no clear paradigm in the IR world for
what we do once we “get there.” The action is obscured by a

8 An interesting question posed by one of my reviewers is whether a crisis
simulation should in fact be “entertaining” to people participating in it. To
answer, we must focus not on the powers of entertainment media to pro-
vide pleasure but rather on their powers to engage and involve. Notice
that the worst accidents in nuclear power plants to date have resulted
from bizarre constellations of incidents in which literally everything that
could go wrong did go wrong at exactly the wrong time. Modeling such
causally related chains of events, complete with their surprises and rever-
sals, is essential in training simulators that are intended to help people
learn to deal with such crises. The real question is one of seriousness, and
how seriously a person takes a simulation depends upon how convincing
it is and how it is contextualized in terms of that person’s “real” job
responsibilities.
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spatial metaphor that is primarily an attempt to represent
what is going on inside the computer. What if we were to
define the action of information retrieval, not as looking for
something, but examining or experiencing it? This seemingly
innocuous shift in point of view puts the emphasis in an
entirely different domain: the action involved in perceiving,
inferpreting, and experiencing information. These are activities
in which the human agent is typically left alone on the other
side of the screen to do . . . well, whatever a person does with
information. Presenting information in dramatic form—as an
active encounter—provides the means for comprehending
and reintegrating these lonely activities into the mimetic con-
text. “Navigation” is an action that is of the interface, secondary
in terms of the real goal of information retrieval, which is to
encounter the information itself. We will explore ways in
which dramatic form can change the experience of information
in the section on multimedia in Chapter 6.

Designers also have material forces at their disposal that
can indirectly influence the shape of human-computer action.
Multisensory representation is the starting point of material
causality. The sensory characteristics of representation both
suggest and constrain what is possible in a given mimetic con-
text. This is, in fact, one of the ways in which the “desktop
metaphor” is a success; for instance, a visual representation of
a folder with certain behavioral traits provides a richer poten-
tial for action than a textual hierarchical directory. Through its
direct-manipulation characteristics, the desktop enriches the
experience of agency by adding kinesthetic components.

Most contemporary interfaces present an extremely
impoverished “language” for human-computer communica-
tion. Linguistic expression is severely constrained by menus,
“legal” manipulations, or even natural-language parsers—at
least those with small vocabularies and inelegant methods for
handling failures.” Whether or not we believe in the possibili-

9IYes, robust natural-language processing is hard—but plenty of existing
work demonstrates that it’s possible, and nothing speeds up a research
effort like a lot of good applications waiting to use it (and the research
dollars that the potential sellers of those applications can be persuaded to
ante up).
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ty of robust natural-language processing, there are huge
advances that can be made in “natural” language interaction
that require only our willingness to apply existing theory and
technology. The work of Buxton, Brennan, Schmandt, and
Hovy will be reviewed in the section on language and com-
munication later in this chapter. Suffice it to say that the richer
the forms of communication available, the richer the potential
for the formulation of thought, character, and action.

Designing Character and Thought

The Man Behind the Curtain
Who or what is the source of these messages?

Please insert the disk, "Chapter 2."
Are you sure?

Attempting contact with network.

MacDraw II has unexpectedly quit.
I DON'T KNOW THAT WORD.

Who or what is the receiver of these messages?

Clean up selection.
Format disk.

Check spelling.
Quit.

Who is the agent of these actions?

Logon.
Save,

Format paragraph.
Delete *, *,

And now, for the $64,000 question: Who said the following?
Pay no attention to the man behind the curtain.

Without clear agency, the source and receiver of messages
In a system are vague and may cause both frustration and
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serious errors. Without clear agency, the meaning of informa-
tion may be seriously misconstrued. Without clear agency,
things that happen are often as “magical” and fraudulent as
the light show created by the Wizard of Oz—and the result of
accidental unmasking can be unsettling and may change (as it
did for Dorothy and her friends) the whole structure of proba-
bility and causality in action.

Represent sources of agency.

There are two primary problems involved in the charac-
teristically vague way that agency is often handled in human-
computer activity today. The first is that unclear or
“free-floating” agency leaves uncomfortable holes in the
mimetic context—holes that people can fall through to find
themselves in the twilight zone of system operations where
there is no “interface” at all. The second is that these vague
forces destroy the experience of agency for humans. Typically,
these sorts of transactions require that people set parameters
or specify the details of a desired action in some way, but the
form of the transaction is one of supplication rather than coop-
eration—you might as well apply to Central Services for per-
mission to sit down. As the Cowardly Lion says, “let me at
‘im”—Ilet me confront the source of all this bossing around,
face to face. Unclear agency places the locus of control in a
place where we can’t “get at it.” Even though we are in fact
agents by virtue of making choices and specifying action char-
acteristics, these shadowy forces manage to make us fee] that
we are patients—those who are done unto rather than those
who do.

The alternative, of course, is to represent agency in the
form of character. As we defined it in Chapter 2, character
consists in coherent bundles of traits that predispose agents to
act in certain ways. That chapter provides definitional infor-
mation for agents, and the following section offers some
guidelines for design. ‘
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Anthropomorphism

In earlier writings, I have listed and attempted to answer
many objections to anthropomorphism in computer-based
agents [Laurel, 1989; Laurel et al., 1990; Laurel, 1990]. A useful
point that has perhaps not been made in the course of the
ongoing controversy is the distinction between the personifi-
cation of the computer and the representation of anthropomor-
phic agents within larger representational contexts supported
by the computer medium. Suchman [1987] observes that “the
personification of the machine is reinforced by the ways in
which its inner workings are a mystery, and its behavior at
times surprises us.” Whatever its cause, many designers and
thinkers find the phenomenon to be undesirable. Turkle [1984]
believes that it is important to both the self-esteem and the
social behaviors of children to avoid personification of the
machine. Shneiderman [1988] adds that personifying the com-
puter is a deception that will eventually be discovered, caus-
ing a person to feel badly treated. He goes on to allow that
“For young children a fantasy character such as a teddy bear
or a busy beaver can be a useful guide through the material. A
cartoon character can be drawn and possibly animated on the
screen to add visual appeal.”

Throughout this book, I have argued, not for the personifi-
cation of the computer, but for its invisibility. We have treated
computers, not as “intelligent” objects, but as a medium
through which representational worlds may be experienced.
The representation of agents or characters is a different idea
altogether than the notion of “personified” computers. There
is no evidence to suggest that computer-based characters, no
matter what the degree of lifelikeness, lead people to believe
that either the machine or the characters themselves are actu-
ally alive. In cartoons, movies, and human-computer activities
(such as Bright Star’s Talking Tiles program, which features a
digitized, lip-synched video image of a human), children may
assume that the characters are “alive”—that is, that they exist
outside of the representational context. But they do not typi-
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cally perceive the representations themselves as being alive.
When my daughter was four years old, playing with Talking
Tiles, she remarked about the agent, “I'd like to meet that guy.
I'd like to hear him say some other things.”

After early childhood, context and media conventions
assist adults in distinguishing between representations of
characters and representations of “real people” (as in the
evening news). It can be argued that the “docudrama” style
that has arisen in television is a pernicious development
because it obscures that distinction. One important justifica-
tion of a dramatic approach to the design of agents, as
opposed to an attempt to model human personalities, is that
we can exploit the powers of both human portrayal and dra-
matic representation (recall Hilton’s Galathea analogy from
Chapter 1). Finally, anthropomorphic representation is not a
requirement of character or agency, although it may be the
appropriate choice for a given realm of action or functionality.

Designing Agents!0

The most direct material way to influence action is through
the shaping of character and thought. On the system side, this
consists of designing and rendering traits, both external and
internal, for the various sources of agency. External traits
function as “shorthand” for implying internal traits, and they
are often based on the artful orchestration of stereotypes
[Schank and Lebowitz, 1979; Carbonell, 1980]. Internal traits
are the thought processes and predispositions to act that
underlie an agent’s choices and actions. Internal traits may or
may not “match” in any literal way the computational basis of
an agent’s behavior; they are those traits that the designer
wishes people to infer from the external traits and behaviors of
constructed agents. Remember, the representation is all there
is. The case for modeling system-based agents after dramatic
characters is based on both the familiarity of dramatic charac-
ters as a way of structuring thought and behavior and the

10 Portions of this section are adapted with permission from Laurel [1990].
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body of theory and methodology already in place for creating
them,

Think of agents as characters, not people.

Somewhat ironically, dramatic characters are better suited
to the roles of agents than full-blown simulated personalities.
Most cultures have a notion of dramatic form, and people are
quite familiar with both the differences and similarities
between characters and real people. The art of creating dra-
matic characters is the art of selecting and representing only
those traits that are appropriate to a particular set of actions
and situations [Schwamberger, 1980]. For many uses, a sys-
tem-based agent must pass a kind of anti-Turing test in order
to be effective. People want to know that the choices and
actions of agents who function on their behalf in the perfor-
mance of some role or task will not be clouded by complex
and contradictory psychological variables. People often want
to be able to predict the actions of such agents with greater cer-
tainty than those of real people. All agents must be represent-
ed in such a way that the appropriate traits are apparent and
the associated styles and behaviors can be successfully
employed to establish probability and causality. Too much
“noise” in the system (that is, too much complexity in charac-
ter—as would probably result from an “accurate” model of
human personality) makes probability and causality harder to
deploy in the formulation of action.

Although designers and scholars like Alan Kay worry that
oversimplification of character will destroy the illusion of life-
likeness [Kay, 1984], the fact is that, thanks to well-internal-
ized dramatic convention, we can enjoy (and believe in) even
one-dimensional dramatic characters. In fact, when a minor
dramatic character possesses only one or two actionable traits,
audience members will impute elaborate histories and moti-
vations as needed to make it believable [Schwamberger, 1980].
Whether the character is as simple as the Roadrunner or as
complex as Hamlet, we take pleasure when—and only
when—even the surprises in a character’s behavior are
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causally related to its traits.

The selectivity and causality inherent in the structure of
dramatic characters simplifies the task of representing agents
computationally [Laurel, 1986b]. In the area of story genera-
tion, James Meehan, Michael Lebowitz, and others have creat-
ed functional and entertaining characters from a small cluster
of well-conceived traits that are realized as goal-formulating
and problem-solving styles [Meehan, 1976; Lebowitz, 1984;
Turner, 1990]. Increasingly in the world of adventure and role-
playing computer games, designers are implementing charac-
ters with traits that are dynamic (modified by learning and
experience) and relational (modified in relation to objects and
situations). Notable examples are provided by Hidden Agenda
by TRANSFiction Systems (see Color Plate IV), and Maniac
Mansion and Zak McKracken and the Alien Mindbenders by
Lucasfilm Games. These types of traits suggest the ability of
agents to learn—itself a kind of trait.

A character is coherent—whole—when its traits are well-
integrated through careful selection and planned interaction.
Designers can look to the considerable body of work on play-
writing for guidance, as well as to the areas of story genera-
tion and computer games.

Well-designed system-based agents can contribute to dra-
matic engagement, elicit empathy, and influence the actions
and emotional responses of human agents involved in the
same activity. The Guides project of the Advanced Technology
Group at Apple (described briefly in Chapter 1) provides a
good example. From its inception, the project aimed at investi-
gating the value of anthropomorphic agents in suggesting
next moves in a database on the basis of their “interests.” In
the earliest version, these agents were represented as graphi-
cal icons and their suggestions were derived from “hard”
links in the HyperCard database. A second version added an
emphasis on point of view as an epistemological issue and
attempted to establish a narrative rather than a spatial
metaphor for information retrieval in the hypernet. In an
attempt to pursue these goals, a video dimension was added
to the representation of one of the guides. For several topics in
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the database, the guide had stories to tell (in video format)
that were based on her character’s experiences and point of
view.

With the second version, it was discovered almost by acci-
dent that the guide was also evoking feelings of companion-
ship and support in many people who used the prototype:

In the video version, users were introduced to the Settler guide
in a segment where the actress appeared out of costume.
Because she was charged with delivering information about the
operation of the system and the interface at this juncture, the
guide spoke “out of character.” We discovered through user
testing that users did not even identify the guide in this
segment as the same actress, and that they imbued her with an
entirely different set of traits and functions. They expected this
guide to provide help throughout their use of the program, and
they perceived the guide as being an ever-present “safety net”
and companion [see Karimi et al., 1989]. All of these user
responses were based on a single non-interactive video segment of less
than two minutes in length. What began for the designers as a
framing device aimed at distinguishing levels of activity

quickly became the beginnings of a distinct type of agent: a
frame guide [Laurel et al., 1990].

The third version of Guides pursued these findings and also
made several enhancements to the “intelligence” of the
agents, described in the section on multimedia design in
Chapter 6.

The character and thought of human agents may be
designed to a certain extent as well, and constitutes an inte-
gral part of the materials of the wlole action. Systems must
capture and respond to key traits of human agents. They may
also transform human traits or even endow a person with
new traits in order to enhance his or her ability to act in the
mimetic world. For instance, a system might not be able to
“perceive” your physical traits, but it could enable you to cre-
ate the “physical” representation of yourself that would be
seen by other people in the mimetic universe. This technique
precisely has been used in Habitat, a network environment
that was introduced in Japan on Fujitsu’s FM Towns machines
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in 1990, designed by Chip Morningstar, Randy Farmer, Aric
Wilmunder, and Gary Winnick at Lucasfilm Games in 1986-
88. (Habitat was originally developed to run on Commodore-
64 computers via the Quantum Link network.)

In Habitat, the person and the system collaborate on con-
structing a “physical” (multisensory) representation for the
person (Color Plate V). It is this representation that other peo-
ple see during network interaction. Logically, people can pre-
sent different physical traits to different individuals with
whom they come in contact on the network. People can
change gender and age as well as general attractiveness in
their (sometimes multiple) self-representations.

Habitat illustrates another approach to agent design: the
notion of allowing people to design their own agents. An
agent that is responsive to the goals, needs, or preferences of a
person—and especially an agent that can “learn” to adapt its
behaviors and traits to the person and the unfolding
action—could be said to be “codesigned” by the person and
the system. The agent Eager, discussed in Chapter 4, is a
strong example of such codesign. The NewWave operating
system released for Hewlett-Packard computers in 1990 fea-
tures a user-programmable agent:

The NewWave Agent (represented by the icon of a man with
shades) is like a servant who acts for the user. The user writes a
Task Language script that is handed to the Agent for execution.
These scripts are special objects called Agent Tasks. [Chew,
1990}

It is laudable that HP users can get the NewWave Agent to do
things for them, but having to do so by writing programs
seems, in some ways, to defeat the purpose. For many people
(and I'm one of them), writing the program is more difficult,
distracting, and tedious than doing the task that I would have
delegated to the agent.

An agent should be both responsive and accessible.

In the Guides project, we learned that people often want-
ed to create agents “from scratch.” Teachers wanted to create
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guides that would nudge students in the direction of curricu-
lar goals, and kids were interested in creating guides to repre-
sent themselves to others—to insert their own points of view
into the representational world. We developed the notion of
“custom guides” and implemented a means whereby people
could create them. The basic predispositions to act—that is, to
make suggestions about information to look at in the database
based on both the guide’s point of view and the person’s cur-
rent interest—were embedded in the notion of custom guides.
People could name a guide, then ask it to be interested in sev-
eral topics and perhaps selected media types (Color Plate VI).
The custom guide would then be available to make sugges-
tions on the display screen. As an additional means of “train-
ing” the guide, we decided to enable people to tell a custom
guide to remember any item that appeared in the display win-
dow. Future enhancements might include a means for creat-
ing or importing graphical representations for custom guides
and adding point-of-view stories for the custom guides to the
database. (The ability to add anything to a multimedia
database, if it is stored on optical media, is a key obstacle to be

overcome in the design of future multimedia hardware and
software.)

Designing Language and Communication

In Aristotelian terms, language serves as the material for
thought, which is in turn formulated into character. In the pre-
vious section we described how thought and character can be
designed in relation to their formal cause: The action that is
being represented. Now we turn to their material cause—lan-
guage—in which concepts are embedded and through which

we come to know the higher-level structures of meaning that
they represent.

Language Generation

In cases in which agents use language, the problem of 1/0
symmetry must be addressed. The Guides example in
Chapter 4 illustrates the use of context to mitigate the desire
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to “talk back” to characters that can speak. Language genera-
tion may be desirable in order to create diction for characters
and also to create descriptive or narrative “glue” that holds a
story-like action together.

The Oz project at Carnegie Mellon [see Bates, 1990] pro-
vides examples of both of these uses. Oz currently employs .
text-only interface to create interactive stories. The decision to
employ a text interface was a logistical one, allowing the
designers to concentrate on the Al-based problems of generat-
ing stories. It is the hope of the Oz researchers that at a later
point in the system’s development, a virtual-reality style inter-
face can be employed. But as the medium of interactive repre-
sentations evolves, it may be that text and pictures will coexist
in new ways in new interactive forms. The examples of
Habitat (in this chapter) and Monkey Island (in Chapter 4) show
how text and pictures can be comfortably integrated into a
single representational context. Furthermore, natural-lan-
guage-like descriptions of the type that are being used in the
Oz project could be used to drive the construction and orches-
tration of animations within the system. Oz researcher Mark
Kantrowitz [1990] has developed a natural-language text gen-
eration system that can theoretically serve both purposes.

When character dialogue is employed, it is, of course,
important to vary characters’ diction in order to represent
traits, predispositions, and point of view. One of the future
goals of the Guides project is to reformulate the diction
employed in text articles to reflect different points of view.
The production and presentation of alternative representa-
tions of information is a key capability for computer-based
agents in the future, especially in information-retrieval-based
applications. The work of Eduard Hovy of the Information
Sciences Institute of the University of Southern California
shows extraordinary promise in creating character-specific
diction from a single, “base” form of a piece of information.
Hovy’s system, called PAULINE, is capable of creating dis-
tinctly different descriptions of the same events with the same
“factual content” that vary according to speaker characteris-
tics, hearer characteristics, mutual relationships, mutually
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understood concepts, medium of communication, and physi-
cal and social context. PAULINE represents these differences
as fourteen “rhetorical goals,” including such characteristics
as formality, partiality, force, haste, detail, and verbosity
[Hovy, 1988 and 1990]. The results are widely differing lin-
guistic representations that reveal character and point of view.

Match diction to character traits. Diction can also be
used to reveal point of view.

An important point to remember is to avoid the represen-
tation of traits through diction that do not exist in terms of an
agent’s behavior. False politeness is a common flaw in many
interfaces, and one that I find especially irritating. Linguist
Susan Brennan [1990a] cites the example of an on-line library
catalog where the system uses the word “please.” The person
dutifully responds in the same polite fashion and the system
informs her that “please” is not a word it recognizes, creating
problems on the levels of language, thought, and character.
Another example is an automated bank teller machine that
asks a person politely to “please wait” [Rubinstein and Hersh,
1984]. Of course, the person has no other choices (except to
walk away from the machine in midtransaction). Here, the
language glitch is most apparent at the level of action.

Conversationality

As Brennan observes, “people’s expectations about
human/computer interaction are often inherited from what
they expect from human/human interaction” [Brennan,
1990a]. Suchman provides a concurring perspective:

Insofar as the machine is somewhat predictable . . . and yet is
also both internally opaque and liable to unanticipated behav-
ior, we are more likely to view ourselves as engaged in interac-
tion with it than as just performing operations upon it, or using

it as a tool to perform operations upon the world (see MacKay
1962) [Suchman, 1987].
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Rubinstein and Hersh [1984] provide further corrobora-
tion in the form of a report of an executive’s transaction with
the famed ELIZA program. The executive was convinced that
he was conversing with a programmer at a remote terminal.
Rubinstein and Hersh observe that people who are not simi-
larly predisposed to think that they are talking to a human
exhibit the same tendency to treat human-computer interac-
tion as human-human interaction: “Their candor suggests a
sincerity of interaction that is usually reserved for other peo-
ple, not computer programs. People are having conversations
with the computer.”

Brennan'’s thesis is that a model of human conversation
can be used to understand why some interface features work
and some do not, as well as to provide principles that can be
used in the design of human-computer activity. She asserts
that “the fundamental ability of human beings to adapt to
their conversational partners makes the whole human/com-
puter enterprise possible.” She provides experimental evi-
dence to support the thesis that “the way a conversational
partner represents itself and the style in which it responds
influences how a person designs utterances for that partner,”
no matter whether that partner is human or computer-based.
She presents the following strategies for designing human-
computer communication based on the characteristics of
human-human conversation:

(1) Don’t continue until an understanding that is sufficient for
current purposes is reached. (2) Assume that errors will happen
and provide ways to negotiate them. (3) Articulate the answer
or response in a way that preserves the adjacency with (and
apparent relevance to) the question or command. (4) Represent
the interface in a way that invisibly constrains the user to act in
ways the system understands and to stick to the application
domain. (5) Integrate typed input with pointing and other
input/output channels. Applying these strategies should make
interaction with a computer more conversational, whether it's
via a desktop or a natural language interface [Brennan, 1950al.

Although Brennan does not distinguish any agency
beyond the general agency of the computer in this study, her

152 Designing Language and Communication

Design Principles for Human-Computer Activity

observations can be effectively applied in the construction of
conversational behavior for agents who possess widely
diverse traits. The only exceptions would seem to be agents
whose characters are (for some solid mimetic reason) poor
communicators, or antipathetic to human agents in some way.
Brennan'’s point (4) above speaks to the issue of intrinsic con-
straints, and her research shows that people tend to emulate
the conversational styles of their partners, to the end of
improving conversational effectiveness. Presumably, because
conversation involves negotiated meaning and common
ground (as discussed in Chapter 1), conversational partners
also constrain each other to “stick to the subject.”

Modeling human conversational style is important,
but remember that people readily adapt to and
emulate the conversational styles of their partners.

Brennan’s point (5) recommends the coupling of speech
with gesture (in particular, pointing) to achieve conversation-
ality. The realm of gestural communication will be discussed
in the next section. In the multileveled mimetic context of
human-computer activity, we might logically extend
Brennan’s observation to include more than those actions of
agents that are directly related to interagent communication.
For instance, actors who are involved in improvisation accom-
modate one another in strikingly similar ways, not only in the
realm of direct communication but in all aspects of
agency—for example, nongestural movement, thought, and
implicit collaboration on the shape of the evolving plot. This is
part of the “cognitive overhead” of theatrical improvisation
that I intended to address with the IF architecture I proposed
in my dissertation. An interactive fantasy system (and, by
extension, any interactive representation) must possess the
means to eliminate any need for conscious collaboration on
the part of human agents in the formal shaping of plot. Such
formal concerns interfere with direct engagement and are out
of place in any human-computer activity. That is the reason
for stressing the system’s role as the locus of top-down formal
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causality in shaping the action, as discussed in the first section
of this chapter.

In drama, both playwrights and actors employ such prin-
ciples of conversationality as those articulated by Brennan.
Playwrights employ them in the construction of dialogue
utterances. Actors employ them in the representation of back-
channels—feedback that an utterance has or has not been
understood—in the form of gestures, postural changes, facial
expressions, and such nonverbal utterances as “um-hmm.”
Thus the conversational model can be seen to apply to mimet-
ic as well as “natural” contexts.

Interesting examples of the application of some of the
principles that Brennan discusses can be found in two of the
systems created by Chris Schmandt and others at the MIT
Media Laboratory. The Phone Slave telephone messaging sys-
tem (discussed in Chapter 5) employs the notion of adjacency
pairs in terms of questions and answers to implicitly constrain
humans in the content and style of information that they pro-
vide [Schmandt and Arons, 1985]. As Schmandt observes, this
system is built on the simple premise that when you ask peo-
ple questions, they tend to give you answers; that is, the
system is probably safe in making the assumption that the
utterance following a question is an answer. The Grunt sys-
tem, which assists people in reaching destinations by driving
a car, manages to evoke and shape conversational responses
from people principally through the understanding of par-
alinguistic features like utterance length and the duration of
pauses, as well as through the use of “back-channel” utter-
ances like “huh?” (“grunts”). This remarkably simple, nonlex-
ical representation is so successful in capturing the essence of
conversation that people often imbue the “system” (or grunt
agent) with much higher “intelligence,” especially in terms of
its ability to understand natural language, than it actually
possesses [Schmandt, 1987].

“Natural” Language

Schmandt’s work raises the issue of the essential characteris-
tics of natural language. Must it involve words? Must it be
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spoken at all? Must it involve things besides words? Designer
and researcher William Buxton presents an alternate view of
what constitutes natural language:

We argue that there is a rich and potent gestural language
which is at least as “natural” as verbal language, and
which—in the short and long term-—may have a more impor-
tant impact on facilitating human-computer interaction. And,
despite its neglect, we argue that this type of language can be
supported by existing technology, and so we can reap the
potential benefits immediately [Buxton, 1990].

Gestural languages take many forms and present both
benefits and challenges in the context of human-computer
activity. Beyond such highly conventionalized gestural sys-
tems as American Sign Language or the gestural lexicons of
football referees or conductors, “routine” human gestures are
“fuzzier” than writing or speech. While some gestures are
highly conventionalized and explicitly semiotic (such as wav-
ing goodbye), others are highly idiosyncratic and expressive.
In the domain of acting, where it would be especially useful to
know a “vocabulary” of gestures that would be guaranteed to
communicate the proper information or emotion, only one
serious attempt has been made to create a “universal” gestu-
ral language—the work of Delsarte in the nineteenth century
[Stebbins, 1886]. When we look at Delsarte’s gestural lan-
guage today, we are immediately struck by its artificial con-
ventionality, and some of it seems to make no sense at all (for
instance, Delsarte’s gesture for surprise is both arms extended
vertically in the air).

The creation of gesture to convey both information and
emotion is a central feature of the actor’s art. Although con-
ventions governing gestural clarity and visibility can be
learned by rote, the art of finding and executing an effective
gesture is learned through the more indirect means of obser-

vation, experimentation, performance, and evaluation, and it
is a skill that continues to grow over time.

Gesture can be used to reinforce, disambiguate, or
replace spoken or written language.
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Although a universal gestural language has not been iden-
tified, gestural input that is not strictly semiotic in its intent
can be interpreted by computer systems. Margaret Minsky of
the MIT Media Laboratory has created a system that employs
gestural input to manipulate objects in a graphical display.
Minsky’s system utilizes a touch-sensitive display and
employs a notion of “gesture parsing” that could be utilized
in three-dimensional representations.!! Her system uses two-
dimensional gestural data to classify gestures according to
their intent (selecting something, moving something, or indi-
cating a path). The gesture is interpreted through the use of
information about its trajectory, the nearest object, the pres-
sure applied to the display, changes in pressure over time, and
other factors [Minsky, 1984]. Minsky has expanded her
research on gesture to include how things push back, techni-
cally described as force feedback [Minsky, 1990.

Buxton suggests one solution to the problems posed by
the search for a universal gestural language through the use of
context-specific gestural sets:

So-called natural languages are only natural to those who have
learned them. All others are foreign. If we start to consider non-
verbal forms of communication, the same thing holds true. The
graphic artist’s language of using an airbrush, for example, is
foreign to the house painter. Similarly, the architectural drafts
person has a language which includes the use of a drafting
machine in combination with a pencil. Each of these “lan-
guages” is natural (albeit learned) for the profession [Buxton,
1990].

The nature of the task and the form of the representation
presented to people can serve to constrain the intentionality

11“Parsing” is a term that usually refers to the process of breaking a sen-
tence into its component parts of speech and describing their grammati-
cal and syntactic relations. The notion of “gesture parsing” suggests that
gestures may be interpreted in much the same way as words or sen-
tences. It implies that specific, recognizable gestures have specific mean-
ings, that the parts of gestural expressions and their syntactic relations
can be identified. The existence of such semantic and syntactic elements
is persuasively demonstrated in various systems of sign language.
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and physical characteristics of the gestures that they are likely
to employ. In a given situation, a person employs a limited set
of gestures, some of which are stereotypical (e.g., “dukes up”
in a fistfight). A human-computer system might call upon
various limited gestural vocabularies at various points in the
action, much as a speech recognizer might employ contextual
cues to select and load a limited recognition vocabulary.12
Thus one gestural “vocabulary” might be used in the context
of informal conversation, while others could be provided for
situations in which movement is more formalized, such as a
courtroom scene or a duel.

Such gestural languages are available for many contexts
that are likely to be the subject of computer-based mimesis,
such as editing, drawing, painting, animating, and conducting
or performing music. Furthermore, it is likely that the human
use of gestures in human-computer activity can be con-
strained in the same way as utterance style is constrained
among conversational partners; that is, partners tend to emu-
late one another’s styles. The representation of gestures by
system-based agents can be constrained through the use of
gestural qualities that derive from character traits and emo-
tional states; for instance, the speed, force, and abruptness or
percussiveness of gestures can be orchestrated to suggest such
qualities as anger, assertiveness, gentleness, or lethargy. When
overlaid on a relatively small set of stock gestures that are
unique to individual agents, these parameters can create effec-
tive distinctions among them. In the most recent version of
the Guides project, for instance, each of the four guides has
four “stock” gestures and postures to indicate degrees of
interest in the item of information that is currently being dis-
played. Each of the four gestures is individually tailored to
suggest other character traits. The result is a lively screen

12psychologist and philosopher Manfred Clynes has developed a system
called sentics, which purports to measure the “characteristic wave-
forms” of emotions. Clynes contends that a distinctive shape is somehow
genetically associated with each of the basic human emotions, and pur-
ports to have found evidence for his theory in laboratory experiments, as
well as in music, painting, dance, and other art forms [Clynes, 1977].
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filled with a seemingly wide variety of activity that is
enhanced by personalization and juxtaposition (Color Plate
VID).

Gesture can be used as a principal—or even the
only—component of language in a human-computer activity.
The technical and creative challenges inherent in gesture are
relatively less complex than those inherent in complete natu-
ral-language processing. Gestures are especially useful in
establishing orientation, pointing, making connections, and
grouping objects [Kurtenbach and Hulteen, 1990]. They can
also enhance the experience of agency through kinesthetic
involvement and the feeling of directness. Gestures are effec-
tive as a secondary channel in disambiguating speech
[Schmandt and Hulteen, 1982]. As with other aspects of
human-computer activity, dramatic selectivity can be used to
simplify the design of gestures without detracting from
mimetic experience.

Body language such as posture and positional changes can
be employed to augment or amplify explicit communication,
as well as to suggest character traits [see, for instance, Fast,
1971, for a description and analysis of body language].
Human body language can be captured by the same sort of
tracking devices that are employed in tracking gestures; for
instance, input from the VPL DataSuit—a piece of clothing
that senses the positions of head, torso, and limbs—could be
used with pattern-matching software to make gross discrimi-
nations among postures and to drive inferences about their
significance in relation to context. Also, the “pointing” func-
tion of gaze—that is, where a person is looking—can be cap-
tured by eye-tracking technology. Body language and
pointing-by-looking can be represented as part of the behav-
ior of computer-based characters as well.

Communication in human-computer activities is con-
strained not only by the computing power devoted to the
problem and the software techniques employed but also by
the bandwidth and media of the representation. We have said
that, by its very nature, human-computer activity should
involve multisensory representation. That is not to say, how-
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ever, that all human-computer activities should involve all
modalities all the time, or that they need to represent a partic-
ular modality in a “realistic” way. The selection and treatment
of various modalities is the subject of the next section.

Designing Enactment

How does a designer determine what sensory modalities to
incorporate in a human-computer activity? Beyond the con-
straints imposed by hardware, are there selection criteria that
can be of use? Are there any guiding principles regarding the
integration of multiple modalities in representations?

Selecting and Integrating Multiple Modalities

The primary criterion for deciding which sensory modalities
should be part of a representation is appropriateness to the
action, in both mimetic and operational terms. Does a drawing
activity need to involve the kinesthetic sense? Almost certain-
ly, since drawing is itself a kinesthetic as well as a visual activ-
ity. Does a drawing program need to support speech input? A
colleague who often argues against speech interfaces once
quipped, “if MacDraw had a speech interface, people would
use it to say things like ‘move the little hand up’ (a reference
to the absurd notion of using speech to control a tool for
pointing and manipulation). But what if the activity involves
the frequent changing of drawing tools? Contemporary
“direct manipulation” interfaces to drawing programs confine
the activity to a visual and kinesthetic universe, constraining a
person to point at a menu or execute a keyboard command. It
might be more appropriate for the representation to allow a
person to specify a new tool by speaking its name, thereby
preserving continuity and direct engagement in the activity of
drawing. How about musical accompaniment? If one of the
motivations of a person involved in the activity is to create

animations with a musical score, then music is a necessary
element of the representation.
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Multiple modalities are desirable only insofar as they
are appropriate to the action being represented.

The latter example illustrates the function of enactment in
providing materials that are used in the formulation of the
action. These materials delimit the potential for action in a
mimetic world. Through the workings of material causality,
they also constrain the traits of both human and computer-
based agents in the action. If an agent cannot employ lan-
guage (either through text, speech, or gesture), for instance,
then certain concepts cannot be expressed and certain actions
cannot be represented. For example, the aspect of three-
dimensionality in visual representations creates the potential
for a wider range of “physical” action in the environment; that
is, things can move forward and backward as well as right
and left, and “moving around” in a variety of new ways
becomes possible for the agents. '

In the use of multiple sensory modalities, causal relations
must be taken into account. Let’s use sound as an example. If
“natural” sound (as opposed to speech or music) is an aspect
of an environment, it must be employed consistently; that is,
the causal relationships between sound and other modalities
must be preserved. When things fall down (in a world that
has sounds), they go “boom.” Causality also applies to the
relations among qualitative elements—for example, the rela-
tionship between sound and character as part of enactment.
My Mac II clears its throat at me when I ask it to do some-
thing it can’t understand. I endowed my operating system
with this trait because I hated the officious little “ding” that it
provides by default. I prefer the anthropomorphic “ahem”
—its polite deference to my concentration, its seeming hesi-
tance to interrupt. It is also quite clearly a male “ahem,” which
I find consistent with other aspects of the behavior of the OS.
In this example, the sound provides material for the character
I am constructing, and the traits of that character exert a for-
mal influence on the sound. This little wisp of character and
its simple action influence how I perceive and feel about all of
the actions that I informally attribute to the same “agent,” my
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Mac IT system software, which hangs around in the back-
ground even when some other agent (like that knuckle-crack-
ing Nun that presides over my Unix-based electronic mail
system) has center stage.

Preserving causal relations (and making the most of them)
promotes integration and synergy among modalities. For
instance, close coupling of the visual and kinesthetic senses
permits very convincing and engaging representations of
motion through such techniques as motion parallax. In head-
mounted virtual-reality displays, the key to the person’s sense
of being “in” or “surrounded by” the representation environ-
ment is primarily the result of visual-kinesthetic coupling;
when I turn my head, the room “moves” accordingly; when I
move forward, the world flows by in visually realistic ways.

Tight linkage between visual, kinesthetic, and
auditory modalities is the key to the sense of
immersion that is created by many computer games,
simulations, and virtual-reality systems.

In a somewhat less sophisticated representational world,
William Gaver’s Sonic Finder, a prototype version of the
Macintosh Finder that incorporates sound, the sounds that
objects make when they are manipulated reinforce and ampli-
fy the simplistic three-dimensionality suggested in the visual
representation and also provide additional feedback for a per-
son’s kinesthetic activities [Gaver, 1989]. Gaver has employed
a similar technique in creating an auditory component for
SoundSHARK, a virtual physics lab developed by Randy
?1‘;1)ith of Xerox EuroPARC [Gaver and Smith, 1990] (Figure

In integrating media in a representation, it is often neces-
sary to transfer some of the qualities of one medium to anoth-
er with which it is being integrated, or to create a
representational context in which they can comfortably coex-
ist. The former technique is perhaps best illustrated in the wa
that video and animation are integrated in the 1989 Disne
film Who Framed Roger Rabbit? This was not the first film to
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Figure 51 An annotated representation of the use of sounds in
SoundSHARK, produced by William Gaver and Randy Smith at
Xerox EuroPARC. SoundSHARK combines graphics and sound in
a simulated physics laboratory. For instance, in (a), a person copies
a ball with a Xerox button; the button makes a machinelike sound
as the ball pops into existence. In (b), the user has placed the balls
inside a room. When she turns on the law of motion, a click con-
firms her act and a constant hum indicates that motion is “on.” As
the balls bounce around the room (c), they make sounds as they hit
the walls. These sounds can be heard even when the user moves to
a different part of the system (d). When she activates a raincloud
(click!), thunder booms, and raindrops splash.

attempt such integration; it was used in Disney’s Song of the
South nearly fifty years earlier. But the action in Song of the
South (as well as the scenes that combine the two media simi-
larly in Mary Poppins and other films) jumps back and forth
from a filmic “realistic” context to an animated “make-
believe” one, depending upon which element predominates
in a given scene. Roger Rabbit succeeds in suggesting that the
two types of representations belong to the same world,
regardless of which happens to be the dominant element at
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any given moment. This is accomplished by endowing all of
the animated representations with enhanced three-dimension-
ality (especially in terms of light modeling and motion charac-
teristics) and by extending the effects of movement and
gesture across media (people shoot cartoon guns, animated
characters break filmic windows).

Ralph Bakshi’s film treatment of The Lord of the Rings illus-
trates another approach to combining modalities by blending
film and animation through the device of rotoscoping, creat-
ing animated images using frames of live-action footage as
patterns. Rotoscoping has been used to integrate qualities of
filmic and animated representation in many other animated
features as well as in some computer programs [see, for
instance, The Halley Project (Mindscape) and McGraw-Hill
Math Courseware created by Tom Snyder Productions].

The second integration technique mentioned above—cre-
ating a context in which different media can comfortably
coexist—is illustrated by the NewSpeek system developed at
the MIT Media Laboratory (see Color Plate VIII). NewSpeek
assembles news information items on the basis of a person’s
stated interests and preferences and presents them in the con-
text of a newspaper with “illustrations” that may be motion
video (a similar technique was used in the Movie Manual pro-
ject, also at the Media Lab). Dynamic documents, talking
books, and animated icons all employ context as a means of
integrating diverse media. Media integration can also be
enhanced by providing uniform means for people to manipu-
late and control objects of different media types. The topic of
media integration will be treated further in the section on
multimedia in Chapter 6.

Symmetry in Representation

Symmetry is a kind of pattern. As discussed in Chapter 2, we
derive pleasure from patterns in representations, and we also
sometimes expect certain kinds of patterns to occur. Although
there are many reasons for emphasizing one modality over
another, we tend to expect that the modalities involved in a
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representation will have roughly the same “resolution.” A
simplistic cartoon-style animation with naturalistic character
voices and environment sounds, for instance, seems out of
whack. A computer game that incorporates breathtakingly
high-resolution, high-speed animation but only produces little
beeps seems brain-damaged.

We also tend to expect symmetry between the input and
output modalities of a system; that is, we expect that they are
operating in the same sensory universe as the rest of the rep-
resentation. If a computer talks to us, we want to be able to
talk back, and vice versa. If we can push on a part of the sys-
tem, we would probably like, or even expect, the system to
push back—this is the key to the effectiveness of force-feed-
back controllers. In most systems, our side of the I/0 equa-
tion is severely impoverished. The system can present images,
sounds, movements, words, and possibly even speech, but we
must act inside a straitjacket of menu items and mouse clicks.
No wonder we often feel that computers are always in con-
trol—the system is holding all the cards! Working toward
symmetry in input and output channels in human-computer
activities can vastly improve our experience of engagement
and agency.

This chapter has presented several rules of thumb pertain-
ing to the design of the various elements in a dramatic repre-
sentation. Many of those principles have appeared in different
forms in the literature of human factors and interface design,
and many are simply intuitive. By incorporating them into an
overarching notion of interactive representation, we have
attempted to deepen our understanding of the derivation of
such rules and the relationships among them. The final chap-
ter of this book is devoted to applying these principles to
some key areas in human-computer activity.
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New Directions in
Human-Computer
Activity

Building a Better Mousetrap

Reviewers and critics of my work have often asked me to
provide examples of how dramatic theory can be used to
improve existing products and applications. In response, I
have incorporated examples of “dramatic successes” into the
earlier sections of this book, pointing out effective uses of
direct-manipulation techniques, the creation of virtualities,
the use of agents, and the integration of multiple modalities in
representations.

Reviewers have also commented that my examples are
often drawn from the domain of computer games. It should
be noted that I am not an avid game player. I find most com-
puter games to be boring, frustrating, and “obstructionist” in
the sense that they require players to solve puzzles primarily
for the purpose of extending the duration of game play. I also
abhor the violent content that is characteristic of mainstream
computer games. But I must observe that computer games
(including arcade games, videogames, and PC games) have
been the principal means whereby most people in the world
have come into contact with computers for the first time
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(although bank teller machines are probably a close second).
As game designer and researcher Chris Crawford [1990]
observes, computer games have often been in the forefront of
“friendly” interface design, being the first consumer comput-
er applications to employ such techniques as multisensory
representation, kinesthetic input and tight coupling of kines-
thetic and visual modalities, speech and other auditory out-
put, and first-person visual point of view.

A challenge that I have set for myself throughout the writ-
ing of this book is to think about using these theories to build
a better mousetrap, perhaps in the form of a word processor. I
keep coming up against the same problem: Since it is true that
interface and application are (or should be) the same context,
and since it is true that the interfaces to existing applications
reflect not only the interface design but also the conception of
the application itself, it is difficult to improve the interface
without reconceptualizing the whole action. In fact, that is
exactly what needs to be done in most cases.

We need to remember the evolutionary history of comput-
er applications. They began with the notion of computers as
calculation devices, followed shortly by the notion of comput-
ers as tools for text entry and editing, first in the context of
programming and later in the context of other types of written
documents. Then it was discovered that we could draw and
make music with them. Applications have been mapped onto
these specific activities in a tool-like way. This recapitulation of
previous forms and activities is an entirely natural and neces-
sary process in the evolution of all media, as we will discuss
further in the section on virtual reality at the end of this chap-
ter.

However, tool-like applications that focus narrowly on
known sorts of tasks tend to break up our experience of doing
things. The current state of document creation with computers
is a case in point, where a person may use a database manag-
er, an outline processor, a word processor, drawing and paint-
ing programs, and a page layout program either alternately or
serially in the preparation of some single thing—that is, in the
performance of what should be an integrated, whole action.

168 Building a Better Mousetrap

New Directions in Human-Computer Activity

As current research and development into integrated docu-
ment creation implies, a new evolutionary force is entering
the picture in the development of the computer medium: new
visions of constellations of activities that must be considered
together if we are to afford people the satisfaction of partici-
pating in whole actions that are of the same magnitude as the
goals that drive their component activities. Like Ted Nelson's
notion of virtuality, such integrated environments present the
possibility of doing things that we simply couldn’t do before.
Imagine, for instance, what it would be like if the process of
writing were a fluid, natural, and unified activity.

An Environment for Writing

In his paper entitled “Cognitive Artifacts,” Donald Norman
describes the way in which certain artifacts can make us
appear to be smarter. He defines cognitive artifacts as “those
artificial devices that maintain, display, or operate upon infor-
mation in order to serve a representational function and that
affect human cognitive performance.” [Norman, 1990] He
uses the example of a preflight checklist to be used by airline
pilots to check out a plane’s safety features before take-off.
Norman'’s point is that, although from the outside view the
checklist makes pilots appear to be “smarter” in that it
@mproves their performance in checking safety features, what
Is going on from the person’s perspective is that the artifact
has changed the nature of the task. Now instead of having to
remember, think about, and investigate all of the plane’s safe-
ty features, the pilot’s task is to read items on a checklist and
perform a set of prescribed actions.

It seems obvious to me that Norman’s principle is
reversible; that is, while new cognitive artifacts can change the
nature of tasks, it is also true that new understandings of tasks
can (or should) effect changes in the design of cognitive arti-
facts. A new vision of the task changes what the artifact needs
to be. We may not be able to make significant improvements
in word processors or spreadsheets. But by using this permu-
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tation of the theory of cognitive artifacts, we might define
tasks differently and cluster them together so as to envision
more holistic and complete representational environments,
contexts, and actions. The task of writing has already been
transformed by the computer to include visual as well as tex-
tual information—for instance, visual elements can be inte-
grated more easily with computers than they could be in the
days of typewriters.

To explore the activity of writing further, I reflected first
on my experiences with my word processor. I hated Microsoft
Word 4.0 at first because there was so much to learn, because
it was so hard to learn it (the product supported discovery-
style learning poorly and the manual seemed to be organized
not around the actions that I might want to perform but rather
around the product’s “features”), and because many of the
new features seemed to conflict with things I had learned
about other word processors (most notably, Microsoft Word
1.0 and 3.0). So I learned what I could by doing things and
asking people for help. At some point after about two weeks
of intentional learning, I reached my limit.

At that point, I made a compromise with Word: I don’t use
all of it; it gets me by and it doesn’t pull any funny business. I
discovered upon reflection that the parts of the program that I
actually use most effectively fall into two categories: the
direct-manipulation features and the familiar or conventional
features. Using my own experience to create a specification
for redesigning the representation, I came up with these
criteria:

1. Direct-manipulation characteristics: Whenever possible,
transform specification activities into direct-manipulation
ones. For example, most of the items in the format and
document menus could be represented graphically with
the ability to resize, reshape, and relocate visual elements.
The successes in the current version of the product are dis-
tinct but isolated: The icons on the “ruler” that represent
tabs and line spacing, the “borders” construction facility,
and the “page view” facility.
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2. Familiar and conventional features:

a. Take advantage of things that are familiar from the
past: Subtracting those direct-manipulation elements
that were easy to learn in the first place, I'm left with
some concepts that have become part of the concept
of word processing in some deep sense: the idea of a
document, the idea of editing text, the idea of design-
ing the document’s appearance. Other familiar ele-
ments, like document formatting conventions and the
use of outlining, come from precomputer days. All of
these are elements of the evolving mythos of the
activity.

b. Take advantage of things that are familiar from the
larger context: For example, thanks to the Apple
Human Interface Guidelines [1987), certain interface fea-
tures and characteristics like “cut,” “paste,” and
“copy” are practically universal in Macintosh applica-
tions, including the Finder (which is commonly
perceived as the “system,” rather than another appli-
cation). On the Macintosh as well as on other hard-
ware platforms, overlapping subsets of identical tools
or functions in related applications (such as drawing,
painting, or drafting) are represented identically at
the interface. Consistency with these larger worlds
extends the range of the activity not only in terms of
its subtasks but in terms of the representational con-
text. The sense of working in this larger context
begins to replace the notion of applications with a
notion of activities that transcend conventional appli-
cation boundaries. It also suggests that the granularity
of “applications” is too small.

What kind of representation would support a larger view
of the activity of writing? Work is proceeding in many hard-
ware and software companies to create integrated applica-
tions environments where the boundaries of various
applications can be crossed with minimal disruption and con-
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text-shifting. However, creating an environment for writing
that consists of a fixed set of integrated applications may still
not provide optimal flexibility and scope in the definition of
the whole action. How do we determine the proper cluster of
activities (or applications) that constitute an environment for
document creation? We can identify three dimensions that
describe the activity space:

1. The dimension of applications: For any given person
involved in a particular writing activity, this dimension
might include idea processing; information retrieval and
database management; the making, storing, and editing
of images; performing calculations; importing data from
other applications; and document design.

2. The dimension of activities: This dimension might
include finding and integrating resource materials, enter-
ing and editing text, selecting and designing visual repre-
sentations, developing ideas (by working on their
expression), or working in a particular genre (fiction ver-
sus research papers, for instance). Notice that this activity
map does not correspond neatly to the way that the set of
conventional applications carves up the world.

3. The dimension of goals and purposes: Various goals
include self-expression, document creation as an aid to
thinking, sketching out ideas (making a first draft), or cre-
ating a final presentation to communicate with an intend-
ed audience.

How can we draw a fixed circle around any part of that
three-dimensional landscape? A dramatic view suggests that
we draw the circle dynamically, according to an understanding
of the action. A system that can capture the dimension of
activities and the dimension of goals and purposes, through
either implicit or explicit means, could enable us to dynami-
cally construct appropriate contexts for the action as it
unfolds. New contexts could be created as the person’s focus
changes, like different scenes in the same play or rooms in the
same house. In this sense, the designer’s role is transformed
from the creation and integration of applications (and inter-
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faces) to the creation of environments, objects with appropri-
ate affordances [Norman, 1988], and characters appropriate to
the action (agents).

How does this approach affect the shape of the whole
action? In the segmented, applications-style approach, the
shape of the action tends to “flatline.” In terms of the Freytag
graph, the action involved in isolated tasks like information
retrieval and text editing does not possess enough significance
to yield a line that deviates much from the horizontal. These
activities are undertaken for the sake of a larger goal, and as
part of a larger action. Isolated tasks must be contextualized
into meaningful realms of activity—as parts of an action that
is large enough to be pleasurable. By taking action in integrat-
ed and dynamic representational contexts, a person is better
able to sense the shape of the whole and the relationship of
each component activity to the larger action. If the action is
defined in sufficient magnitude, the steps toward its accom-
plishment are transformed from flatline segments to a recog-
nizable variation of the characteristic Freytag curve.

Computers have the potential to transform the process of
writing from a series of isolated and cumbersome tasks into a
whole action that retains and refreshes its connections to its
inspiration, materials, and outcome. By designing writing
environments that unify the process, writing can be represent-

ed as an action that constantly reflects its purpose and signifi-
cance.

The Smart House: Actions
in Search of Characters

My family is full of computer junkies. There are four
Macintosh computers at home. Two of them are in the study,
where they function as workstations for my husband and me.
One is in the kitchen, as part of an ongoing project of mine to
figure out what on earth it might be good for there. I use it to
store recipes, create menu plans and grocery lists, maintain
accounting of household expenses, write poetry and personal
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correspondence, and do other miscellaneous personal and
domestic things like designing coloring books and party invi-
tations for my kids.! The fourth Mac is in the kids’ room,
where the two of them (ages two and five at this writing) use
an alphabet program their daddy wrote for them and play
with other learning games.

There are numerous other microprocessors in my house
that aren’t living in Macintoshes. There is a programmab}e
thermostat with a digital display. There are microprocessors in
the TV, alarm clock, food processor, VCR, stereo, answering
machine, calculator, washer and dryer, dishwasher, oven, var-
ious electronic toys, and many other devices. Other things in
our household respond to us and our environment in various
“smart” ways—the outside lights turn on when something
stalks through the driveway, the garage light turns on when.I
open the garage door, and the walkway lights turn on when it
gets dark. The question is, why don’t all the great electronjc
and microprocessor-based gadgets we have or might have in
our homes talk to each other? Who are these guys, anyway,
and why can’t I get them to cooperate?

The National Association of Homebuilders has recently
removed the primary technical stumbling block to integration
of the various “smart” devices in homes by agreeing on a
standard for transmitting data and controlling electrical
devices in various ways. They have developed standards for
three kinds of cables: electric power with data, gas with data,
and communications with data. In the future, new homes will
be “wired” with these capabilities, setting the stage for th.e
technological possibility of integrating the distributed “intelli-
gence” in our homes [see Sussman, 1988. ‘

There are obvious advantages to organizing all the dis-
tributed intelligence in my house into a single system through

1Using computers to store recipes is one of the oldest jokes in the personal
computer business—in the early days, that’s what all marketing execu-
tives thought women would do with them. The obvious drawba‘ck‘xs that
cookie dough, pasta sauce, and other goo-based substances will get all
over the keys when you try to retrieve a recipe file. A spegch mterfacg is
the obvious solution, but it would seem that the marketing executives
haven’t thought of that one yet. I wonder how many of them cook.
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which their actions can be controlled and their interactions
orchestrated. The functions of various appliances and systems
are highly interrelated in various contexts—the context of
vacations, for instance. When I leave home, I want to turn the
thermostat down, turn the water heater down, arrange for
certain lights to come on (so as to create the illusion of being
at home), figure out how to get my plants watered, turn on
the security system, activate the automatic forwarding pro-
gram on my telephone answering machine and my various e-
mail systems. [ also want to figure out how to feed the cat and
[ want the furnace and water heater to warm things up a few
hours before I get home. How lovely it would be to dial up a
vacation plan and have it automatically executed every time
the family is away. Of course, the winter plan wouldn’t work
in the summer, and I might not want things to “power down”
as completely during a two-day absence as a two-week trip.
How lovely it would be if I could use my computer to create
and tailor plans and to manage their execution.

For this and many other contexts (entertainment and
entertaining, for example, or the cluster of activities centered
around food), centralization of control and orchestration of
functionality would be a dream come true—the dream of a
smart house.2 Nicholas Negroponte, director of the MIT

Media Laboratory, envisions smart environments populated
with agents:

Direct manipulation has its place, and in many regards is part
of the joys of life: sports, food, sex, and for some, driving. But
wouldn’t you really prefer to run your home and office life
with a gaggle of well trained butlers (to answer the telephone),
maids (to make the hospital corners), secretaries (to filter the
world), accountants or brokers (to manage your money),3 and
On some occasions, cooks, gardeners, and chauffeurs when

20f course, one can imagine many ways in which a not-so-smart house can
go horribly wrong. Ray Bradbury has described two of them in his stories,
“The Murderer,” in which a man murders his smart house, and “The
Veldt,” in which children feed their parents to a pack of virtual lions they
conjured up in their interactive rec room.

3N egroponte adds, “This one might make you nervous.”
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there were too many guests, weeds, or cars on the road?
[Negroponte, 1990}

Whether the smart house should consist of one agent (gs
in some of Ray Bradbury’s stories) or many (as in
Negroponte’s vision) is an interesting question. The.contexts
and functions of a smart house would seem to require many
and varied kinds of knowledge and skill. They also suggest a
variety of different emotional characteristics and yalues.
Accountants and gardeners behave differently, and interac-
tions with them evoke different moods and emotlopal
responses. The smart house as a single character combining
all of the necessary traits would be omnimorphous and
omnipotent in ways that could be uncomfortable, perhapls
even menacing (a sort of Big Brother at home). In Japan, a uni-
fied approach has been taken with a model smart house called
the TRON (standing for The Real-time Operating-system
Nucleus) house. Here are some of its features:

Sensors in the roof and computers in the walls, for examplg,
automatically open and close the windows to maintain opti-
mum ventilation. If the telephone rings while you are listening
to music, the volume is automatically reduced. The toilet notes
the user’s pulse and blood pressure and analyzes urine for
sugar and protein levels, providing a daily health c.heckup... .
Much of the guesswork has been taken out of Fookmg. Recipes
are put in the kitchen computer. A flip of a switch .a(.ids the
appropriate amount of seasoning to the nearest milligram.
[Sado, 1990]

To an individualistic American, the TRON house might
take on the persona of a demented Nurse Ratchet, .defnymg
permission to open the windows for a blast of cold air, 1nv:?1d-
ing the privacy of the body, and insisting on the preparation
of unvarying hospital food. .

Breaking the system up into multiple a}gents that have
knowledge about each others’ goals and actions would seem
to be the better solution. Such a system would employ agents
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and contexts that are similar to those in the real world, giving
people a “leg up” in working with them. The multiple agents
solution also allows more efficient use of context-specific ver-
bal and gestural “vocabularies.” But why not define the multi-
ple agents as the devices themselves, giving people direct
control over their various operations? The answer is twofold:
the desire to incorporate task- and context-specific expertise in
the system (which would usually require the orchestration of
multiple devices and functions), and the comfortable magni-
tude and emotional tractability of the characters.

If Negroponte’s list can be taken as at least a partial cast of
characters (one might add a house-sitter, for instance), then
what is the plot? Can all of the discrete transactions with the
various agents in the system be seen to form something like a
whole action? The title of this section is drawn from a twenti-
eth-century play by Luigi Pirandello, Six Characters in Search
of an Author, in which six characters with complex traits and
relationships approach a playwright with the request that he
write them a script that will let them exercise their dramatic
potential. What is the play that is performed by all the agents
in the smart house? Negroponte suggests an answer: “The
stage is set with characters of your own choice or creation
whose scripts are drawn from the play of your life” (italics
mine) [Negroponte, 1990].

After all, a primary characteristic of dramatic form is a
certain basic simplification of life. Causal connections are less
obscure. There is less randomness and “noise” in the system.
The overall action, even with its crises and reversals, has a
pleasing shape. These are just the sorts of qualities we strive
for in managing the exigencies of everyday life. We certainly
don’t want our lives to be reduced to daily episodes of a soap
opera, but it would be comforting if our agents could make
the daily hassles of running a household into something more
like episodes in a little ongoing “series” of their own—a series

in which every episode provides catharsis and we are regular
guest stars.
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Multimedia

Multimedia (a word that, for some of us, evokes unfortunate
associations with big, black Bell and Howell projectors and
boring “educational” filmstrips) now refers to systems that
deliver more than text and graphics in their visual displays
(typically, photographic images, audio, or video) and which
characteristically utilize some kind of computer and some
kind of optical storage medium. Currently, their primary use
is in applications built around the storage and retrieval of
information in a variety of media types. Multimedia systems
have been created for applications in education, training,
work-related task aids, and entertainment. After a few false
starts in the 1980s, multimedia now seems likely to become a
new “fixture” of our media environment in this decade, if the
near-term hurdles of warring hardware platforms and data
formats can be cleared. Multimedia systems and the experi-
ences they deliver may have as great an impact on our culture
as computer games, movies, or even television. Given this
potential, it seems appropriate to look at some of the cultural
issues that arise and to think about ways in which a dramatic
approach might help us address them. Among the key cultur-
al (and some would say political) issues are the content, valid-
ity, and accessibility of information.

Thanks to the “form” of the television docudrama, it
seems oxymoronic to many to think about using dramatic
means to represent information. “Drama” is the part of docu-
drama that means it’s a lie—that is, the literal truth has been
reshaped to the end of elucidation, “higher truth,” or, most
likely, entertainment revenue. “Dramatic re-enactment” is a
related television phenomenon, disguised as the representa-
tion of information, but actually intended, one suspects, to
boost the ratings of the nightly news. The problem in these
cases is that the truthfulness or accuracy of information is
apparently compromised for reasons that may be less than
honorable, and the tool in the hand of the devil seems to be
dramatic form. In the Guides project, for instance, user testing
of the first video prototype version revealed what we might
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term a “docudrama bias.” Some people stated explicitly that,
because the video segments looked like TV, the information
cpntained in them was suspect. Many judged text-based mate-
rials, .rnost of which were drawn from Grolier’s Encyclopgdia
America, as more truthful and informative than information
presented in the video medium [see Karimi et al., 1989, and
Laurel et al., 1990]. In the television age, seeing is no longer
believing.4

Before discussing how the project team for the current ver-
sion of Guides (Tim Oren, Abbe Don, and myself) addressed
this issue, it is worthwhile to review one of the goals of the
project as it evolved through the various prototypes. We sus-
pected that new forms of information would eventually lead
to a new kind of “information literacy.” We noted that centra]
components of information are its source and point of view.
One of the problems with docudrama, for instance, is that we
don’t know whose axe is being ground in the selection,
arrangement, and sometimes invention of materials,
Docudrama makes a claim to objectivity, but it is too easy to
see how political, philosophical, and expedient concerns
could come into play in the reshaping of information.
Furthermore, we observed that “objectivity” itself is popularly
misunderstood; that is, in our society, objectivity is confused
with the absence of point of view. In most cases, such as histo-
ry textbooks or evening news broadcasts, objectivity actually
is bound by the invisible workings of a decidedly Western
worldview and set of values. Just as speakers of a regional
dialect often think that everyone but themselves has an
accent, mainstream participants of a culture seem to believe
that everyone but themselves has an attitude.

The premise of the design team was that point of view is
always present in information, because information always
reflects something about its source and its purpose.
Information is a kind of representation, a made thing, that is
influenced by its efficient, formal, material, and end causes.

4 s N .
(I;?_Ir;s’ ;)5 this section were presented in a panel on multimedia interfaces at
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Our belief was that a desirable component of information lit-
eracy would be the ability to identify and understand point of
view as a dimension of any information that one might
encounter, so as to weigh, judge, or interpret the information
accordingly. We then set about determining what were the
outward and visible signs of point of view that we could
employ to make it more salient. One is the material provided
by the object of the information. Another is the character of
the source—the traits, values, goals, and context of the agent
who created the information. A third indicator of point of
view is the relationship of the information to its source as
implied by its form—is the information a first-person account
of an experience, hearsay, or a hypothetical scenario?

In an attempt to make use of these indicators in the multi-
media representation, we created three agent characters
—guides—to embody three alternative points of view about
the various topics in American history that were treated in the
database: a frontiersman, a Native American, and a settler
woman. Abbe Don, who conceived of and implemented the
first “video guide,” collected first-person accounts of inci-
dents and topics related to westward expansion in America
from diaries and journals to serve as materials for the three
new guides. We cast three performers (a storyteller, a novelist,
and an anthropologist, as it turned out) to perform these sto-
ries in a video format. The stories then became part of the
database, associated with many of the same topics that were
covered in the encyclopedia articles that made up the bulk of
the database content.

In an attempt to address the problems of credibility of
video materials that were raised in user testing of the second
prototype, we decided to retain some of the features of the
former version and modify others. We were resolved to retain
character (in the form of anthropomorphic agents) to repre-
sent the source of information and to provide context, and we
began searching for other hypotheses to explain the “docudra-
ma bias.” We noted that in the user-testing version the guide
told stories in various natural settings, and we reasoned that
this “production value” tended to make the video segments
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seem more like little docudramas than stories, and so we
rgsolved to eliminate this element by shooting the new ver-
sions as “talking heads” in a studio against a neutral back-
drop. We suspected that the docudrama effect might also have
been exacerbated by the fact that the video sequences
appeared on a separate monitor that was identical to a TV
screen, while the textual information was displayed by the
“objective” computer [see Don, 1990]. To combat this
effect, we integrated the video display into the computer
screen. '

~ Finally, we noted that the user-testing prototype did not
give enough direct information about the sources of the vari-
ous first-person materials, so we designed an introductor
video segment in which the performers introduced them-
selves and described their real-life professions, gave the
names of the people whose journals were used as source
materials, and talked a bit about what they had learned about
the lives, experiences, and values of such people. This
“Brechtian” element was designed to establish the roles of the
agents as storytellers rather than fictitious characters, thereby
reinforcing their credibility. (Color Plate IX).

The docudrama bias is but one of many media biases that
are present in our culture. For instance, information repre-
sented as text is generally judged by members of our culture
to be more truthful and contentful than information present-
ed oFaIIy [see Ong, 1982, and Don, 1990]. One goal in the
shap%ng of a new information literacy is to replace these bias-
es \:Vlth more productive understandings of the powers and
limitations of various media. Perhaps the most direct way to
accomplish this goal is to provide multiple representations of
m_formation in different media, so that people can observe the
Fhfferences themselves. An oral story performance, for
Instance, provides channels of information that are, not
o.fferedl by text, including paralinguistic variables like inflec-
tion, 'pltCh, and pace in speech, gestures, and other aspects of
physical enactment. The differences could be emphasized in
an activity that involved information presented in one of these
“ancillary” oral channels as a key component.
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A complementary goal is to integrate various media so
that the experience of information in a multimedia system can
be organic rather than compartmentalized. In the Guides pro-
ject we pursued this goal in four ways:

1. We established greater parity in the quantity of informa-
tion of different media types in the database.

2. We added the ability to “link” information of different
media types (cross-media links).

3. We designed a universal set of controls for examining
information of different media types, which required that
we employ a notion of granularity for each medium that
was roughly symmetrical.

4. Finally, we employed a narrative rather than a naviga-
tional approach to information retrieval,

The first three points have been discussed in Chaptgrs 1
and 5 [see Laurel et al., 1990, for more detailed information].
Don provides a description of the narrative approach:

Narrative includes both the story being told (content) and the
conditions of its telling (structure and context). Similarly, creat-
ing a multimedia knowledgebase involves selecting or generat-
ing information as well as representing the structure and the
content to the user through the interface. All too often, these .
activities occur separately. A narrative approach to multimedia
interface design provides a framework that allows the structure
and content of the knowledgebase to evolve together while
accommodating a variety of contexts defined by the user’s
needs and interests. Within that framework, interface designers
can adopt strategies from narrative theory, such as 'mclud_ing
multiple representations of events and informahgn, or using
characters as a means of representing material with an explicit-
ly acknowledged point of view [Don, 1990}

In the Guides project the typical spatial metaphgr
employed in most hypertext or hypermedia databases is
replaced by the notion of information, not as a sIIJIace,'but as &
series of events unfolding over time. People do not “navigate to
information; rather information comes to them from a variety
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of sources. Besides storytelling, the other principal function of
the guides is to make suggestions about what one might want
to look at next in the database, based on each guide’s point of
view and the information that is currently being displayed. A
guide’s point of view is represented by an information-
retrieval algorithm that associates the guide more or less
strongly with various topics and information items in the
database. To take a guide’s suggestion, a person need only
click on its title (as displayed in the guide’s “suggestion box”)
and the selected item will appear. In addition to the three his-
torical guides, the system also includes a frame guide whose
point of view is roughly equivalent to that of a reference
librarian, and whose suggestions for next items are based
purely on topical proximity to the current selection. The sys-
tem also includes the facility for people to construct custom
guides with their own unique topical interests and media pref-
erences. Thus at any given moment, people may have as
many as five suggestions that they can take, as well as access
to an instrumental searching facility that enables direct
searching of the database by title or topic. By using the
guides’ suggestions, the action unfolds much like an elaborate
story created by one or more characters in collaboration with
the human agent.

Of course, there are critical differences between such a
narrative experience and a dramatic one. For example, an
experience with Guides is likely to exhibit narrative extensifi-
cation rather than dramatic intensification because of the exis-
tence of multiple representations and the availability and
seductiveness of side-trips and midcourse adjustments. But
Guides has features that are dramatic as well. Agents (includ-
ing people) take action in a representational context. There are
clear causal relations between actions and the traits of their
agents. The information itself is not enacted (except for the
video stories), but the actions of seeking and examining infor-
mation are. The whole action is shaped by the choices and
actions of the various characters. One might imagine an infor-
mation-retrieval system at the dramatic end of the continuum,
where informational content is enacted in dramatic form. Such
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an experience may await “through the looking glass”> in the
world of virtual reality. The issues of credibility and point of
view may be even more deeply embedded in systems that are
designed to provide immersive experiences for people in vir-
tual worlds.

Virtual Reality

At NASA, Autodesk, and VPL Research, demos of “virtual
reality” start out innocently enough, once you get through
putting on all the gear—eyephones with stereoscopic displays
and a glove or suit with position-sensing equipment, all
cabled up to receivers. Through the eyephones you will prob-
ably see a relatively low-resolution 3-D graphics version of an
office, like the one you're actually standing in (Color Plate X).
As you move your head, you can look around the office
(although, if the frame rate is too slow, you'll probably feel a
little bit of “simulator sickness”). You can see a representation
of your hand as you reach for a book on the shelf; your virtual
hand may either grab the book or slide through it like the
hand of a ghost. Then maybe you'll stumble upon a gesture
that points up (or somebody will suggest it to you)
and—whoa!—you fly above the office, higher and higher, until
it’s just a little construct far below, and you are surrounded by
the darkness of cyberspace.

Then they’ll start giving you the sexier demos. At NASA
you can fly through a model of the space shuttle. As you
approach the bulkhead at breakneck speed, you'll probably
feel your muscles tense for the impact, and when you melt
through it as if it wasn't there (which of course it isn't), you'll
feel a physical adrenaline rush. At VPL, you may enter a
Reality Built for Two and interact with the animated body of
another person who's hooked into your virtual world, either

NSRRI o

5This allusion was coined by John Walker, president and founder of
Autodesk, Inc., in the context of Autodesk’s virtual-reality system.
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in the same physical room or across the globe (Color Plate V,
the illustration for Habitat in Chapter 5).

. As you fly around these imaginary spaces, you may expe-
rience, as [ did, a few little cognitive train wrecks. In the NASA
system, one flies by pointing—specific gestures control the
direction of movement. What if you fly past the shuttle and
want to turn around and fly back? Do you just physically turn
around? Sure enough, there’s the shuttle back behind you. Or
you can make your flying-pointing gesture back over your
shoulder, in which case you might fly backwards and upside
down. The claim is made that virtual reality is just like reality
itself, but as this case illustrates, it’s like reality only different.

Some Holes in the Paradigm

The development of virtual-reality systems can be traced back
at least as far as Ivan Sutherland’s Sketchpad, and much farther
in fiction and fantasy. Its current instantiation, employing a
head-mounted display environment, is probably most directly
attributable to the work of Scott S. Fisher at the MIT Media
Laboratory, Atari Systems Research, and NASA Ames
Research [see Fisher, 1990]. Major American players include
NASA, Autodesk, VPL Research, Dr. Fred Brooks’ laboratory
at the University of North Carolina, and the new human inter-
face lab at the University of Washington under the direction of
former Air Force researcher Tom Furness. The notion of virtual
rgality has been enhanced by the fiction of William Gibson
(inventor of “cyberspace”) and other writers in the Cyberpunk
genre, as well as the Holodeck construct developed by the cre-
ators of Star Trek: The Next Generation. Information on virtual
reality can also be found in Fisher [1990], Rheingold [1990],
and Krueger [1990]. For a complete review of the virtual-reali-
ty phenomenon, see Howard Rheingold’s Virtual Reality
[forthcoming]. ’
In an article entitled “Through the Looking Glass,”

Autodesk founder John Walker describes the promise of virtu-
al reality:
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Now we’re at the threshold of the next revolution in user-com-
puter interaction: a technology that will take the user through
the screen into the world “inside” the computer—a world in
which the user can interact with three-dimensional objects
whose fidelity will grow as computing power increases and
display technology progresses. This virtual world can be what-
ever the designer makes it. As designers and users explore
entirely new experiences and modes of interaction, they will be
jointly defining the next generation of user interaction with
computers [Walker, 1990].

With demo-able systems to provide the initial conversion
experience, virtual reality is making a huge impact on our
hopes and expectations about the experiential qualities of
tomorrow’s human-computer activities. Yet it seems that there
are some rather serious obstacles to be overcome before virtu-
al reality can deliver the robust kinds of experiences that we
fantasize about. Some of the “old” problems that faced us
when we were designing human-computer activities without
eyephones remain: How do people and systems understand
each other? How can the actions of both be shaped and
orchestrated?

Jaron Lanier, founder of VPL, attempts to obviate what
appear to be some of the central challenges in the construction
of virtual worlds:

Let’s suppose that you could have a time machine go back to
the earliest creatures who developed language, our ancestors at
some point, and give them Virtual Reality clothing. Would they
have developed language? I suspect not, because as soon as
you can change the world in any way, that is a mode of expres-
sion of utter power and eloquence; it makes description seem a
bit limited. . . . [The idea of] post-symbolic communication . ..
means that when you’re able to improvise reality as you can in
Virtual Reality, and when that’s shared with other people, you
don't really need to describe the world any more because you
can simply make any contingency. You don’t really need to
describe an action because you can create any action [Lanier
interview in Heilbrun, 19891.
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I have two problems with the view represented by
Lanier’s comments. One is that language is good for more
than. describing the physical world. The ability to create and
manipulate symbolic representations is probably the central
fgature of human intelligence and imagination. It also expe-
dites the process of human communication (do I have to paint
you a picture?). Alas, the hard problem of language under-
standing (and the deeper forms of inference that must go
along with it in intelligent systems) just won’t go away with
the wave of a DataGlove. '

A deeper objection is to the glossing over of the problems
of designing action. Yes, I can do “anything” in a virtual
world, but how does the world respond? According to what
principles? And if there are computer-based as well as human
agents in the world (Captain Kirk, for example, or Adam
Selene), how would they be constructed and represented?
What would constitute their “intelligence”? The rhetoric
faround virtual reality reminds me of the rhetoric around
Interactive movies a few years ago, when people (including
some Very Important Film People) talked about them as if
they would just happen, like the reverse of The Purple Rose of
Cairo. One day you would just get up out of your theatre seat
and walk right into the screen and then—well then, interest-
ing things would happen.

The notion of virtual reality is a continuum that is older
even than science fiction. Enactments around prehistoric
campfires, Greek theatre, and performance rituals of aborigi-
nal. people the world over are all aimed at the same goal:
Heightened experience through multisensory representation.
Sketchpad, Pong, and cyberspace are all stops on the same
route. Myron Krueger’s groundbreaking work on VIDEO-
PLACE and other video-based interactive environments, as
well as many of the “media room” projects developed at the
MIT .Media Laboratory, demonstrate other approaches to the
creation of mimetic environments with sensory richness [see
Krueger, 1990, and Laurel, 19864, for descriptions of these pro-
jects]. What we have in today’s virtual-reality systems is the
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confluence of three very powerful enactment capabilities: sen-
sory immersion, remote presence, and tele-operations. These
capabilities do indeed hold enormous promise, but they will
not make the central challenge go away—that is, designing and
orchestrating action in virtual worlds.

Part of the virtual-reality finesse is the technique of plug-
ging other humans into the system as the other agents in an
action. But even when the system is responsible for maintain-
ing no agents per se, it is still the case that the kinds of actions
that can occur are constrained by the affordances of the
world—the material aspects of the representation. If those
materials are as fluidly changeable as Lanier’s description
suggests, then there is the additional problem of establishing
common ground among human agents who share the virtual
environment. Finally, there is the comparatively quaint prob-
lem of giving the action a pleasing shape. A belief in the pow-
ers of form in representations seems to be orthogonal to the
kind of imaginative free-fall that many virtual reality pundits
envision.

The virtual reality community must eventually welcome
these prodigal problems back home. It is not enough to be
able to look at the backside of a computer graphic, or even to
walk or fly around a virtual environment of extreme complex-
ity and multisensory detail. T can imagine a virtual haunted
house, for instance, with boards creaking, curtains waving,
rats scurrying, and strange smells wafting from the basement.
Sooner or later, something will have to happen, and if it does,
that something will be interpreted (at least by my dramatical-
ly predisposed brain) to be the beginning of an unfolding plot.

Beyond the Yellow Brick Road

In the School of Computer Science at Carnegie Mellon
University, Joseph Bates’ Oz group is working on the “back-
end” of virtual reality—using Al technology to generate inter-
esting plots and characters on the fly in collaboration with
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first-person, real-time “interactors.” An overarching goal is to
create robustly interactive imaginary worlds that are predis-
ppsed to yield dramatic experiences in both formal and emo-
tional terms. “Robust interactivity” means that a user’s
choices and actions have a significant influence on the evolv-
ing plot. The Oz group identifies their domain as interactive
fiction, and their work is focused in three areas:

= Autonomous computer-based agents (that could serve as
characters in imaginary worlds)

Pragrpatics—based natural language generation (to gener-
ate dialogue and/or narrative text)

Applying dramatic theory to the problem of interactive
plot generation

I have been working with the Oz team on capturing both

theoret.:lcal and performance-oriented dimensions of dramatic
expertise.

Mediated Improvisations

In the spring of 1990 the Oz team, in collaboration with the
Drama Department at Carnegie Mellon, conducted a series of
technologically mediated dramatic improvisations to investi-
gate th? range and effectiveness of various dramatic tech-
niques in shaping interactive plots in real time. I developed
the form of the experiment at the Atari Systems Research
Laboratory in 1984, in collaboration with Scott Fisher, other
then-Atari researchers, and novelist Ray Bradbury. The Atari
lab was closed before we were able to do a complete run, but
the baton has been successfully passed to Oz. The impro,v at
Car'negie Mellon involved three actors, a director, a scenarist
a videographer, and a “naive” person who served as the inter:
actor. _The actors and director were used to simulate corre-
sponding components of a computer-based interactive fantasy
system. The effectiveness of the emerging plot was judged in

terms of both its “objective” formal and structural elements
and the experience of the interactor.
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The scenarist (Margaret Kelso of the Carnegie Mellon
Drama Department), working from an idea of what would
constitute a powerful experience for the interactor, began with
the desired climax, planning backward from it to visualize
alternative contributory incidents, and working forward
toward it in real time as the plot was constructed. A director
who specialized in theatrical improvisation was given the sce-
nario in the form of a plot graph. The actors wore headsets
through which they could receive audio transmissions from a
director who viewed the action from backstage. The entire
experiment was videotaped for further analysis.® Each of the
three actors were given information about the locale (a bus
station), few salient character traits, and one or more character
goals. The actors began improvising a scene on the basis of
that information.

The interactor was also given information about the locale
and the single goal of buying a bus ticket to attend the funeral
of a relative in another city. A short while after the scene
began, the interactor entered the imaginary world. As the
action unfolded, the director consulted the plot graph and
drew upon her own dramatic expertise to make suggestions
to the actors through their headsets. She employed a variety
of techniques, including goal intensification, statements of
salience, and explicitly theatrical, performance-oriented direc-
tives. All of her directions to the actors were intended to con-
tribute to the creation of a dramatically satisfying plot that
incorporated the unconstrained choices of the interactor. Two
improvisations were conducted with two different interactors.

The results were powerful, in terms of both the lessons
learned about kinds of knowledge needed to synthesize plot
interactively and the level of engagement and catharsis expe-
rienced by the interactors. The experiment led to several dis-
coveries:

« The “third eye” of the remote director was a key factor in
the satisfactory shaping of the whole.

6We noted that, because there was live video, the director could in fact
have worked from a remote location—an idea that we intend to pursue in
future versions.
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The knowledge required of the actors and director
spanned both the domain of the imaginary world and the
domain of dramatic theory and performance. Specific
kinds of complementarity between directors” and per-
formers” knowledge were observed.

The interactor experienced time quite differently than the
other observers of the action. Commonalities were
observed in the dramatic structure of the most radicall

time-distorted events. y

Mediated improvisations are not performance pieces in
the traditional sense. As theatre viewed from the outside
the entertainment value of the improvisations was largel};
mediocre. In contrast, the interactors’ experiences were
dramatically quite powerful.

The engaging aspect of viewing mediated improvisations
is not .thelr theatrical finesse, but rather the experience of
watching the real-time sculpting of the plot by the director

and actors in response to the interactor’s choices and
actions.

The Future of Mediated Improvisation

In addition to their uses in revealing and clarifying ways in
wh‘ich dramatic expertise can be embedded in the architecture
Qf interactive fantasy systems, mediated improvs can make
important contributions at the other end of the spectrum: the
virtual-reality interface.

In collaboration with Scott Fisher, I have sketched out sev-
eral possible permutations of mediated improv, not only as a
means for learning about interactive drama but also as a way
of viewing the process of real-time “action sculpture.” A near-
term project is for a public installation using essentially the
same format as the Carnegie Mellon experiment but with a
la.rger role for video. In the installation version, interested
viewers can watch improvs via video with the director’s
audio channel superimposed. By mounting tiny cameras on
the actors’ and interactors’ headsets, we can allow the director
and other viewers to look into the action from the point of
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view of any character” Guest scenarists and directors can be
invited to participate. For multilingual audiences, viewers can
be offered simultaneous translations of the director’s audio
and the performance dialogue in various languages.

A more elaborate version boosts the technological gain
again by giving the actors and interactor virtual bodies in vir-
tual environments. In this version, all participants experience
the action via a first-person virtual-reality interface. The par-
ticipants’ virtual bodies are choreographed directly through
kinesthetic input. Speech and voice qualities may be techno-
logically altered in real time to suit character. The director is
still a voice in the actors’ heads, but he or she may also influ-
ence the action by manipulating mood, atmosphere, and situ-
ation through direct access to scenic elements and virtual
objects.

A long-term goal is to devise a version of mediated
improv that can serve as a “frontend” to the Oz system. In this
version, characters may be enacted, not by people, but by Oz
software. Only the interactors are humans participating in real
time. The director becomes a real-time programmer that even-
tually merges into the system itself. In this way, our work
with mediated improvs can intersect with the Oz project to
create a robust, multisensory interactive fantasy system.

4 New Opposable Thumb

A unique and wonderful characteristic of the medium of vir-
tual reality is the discourse surrounding it. The conversation
is very broad and rich, involving people from technology, the
arts, social sciences, and philosophy. It encourages a fusion of
these concerns in a way of thinking among its participants.
Also unique is the fact that many of those participants have
communication skills that allow them to speak directly about

7The use of multiple POV video channels begins to play with the notion of
remote presence through other people’s sensory apparati—a primitive
kind of simstim (a concept introduced by William Gibson in Neuromancer).
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their work, unmediated by journalists or other interpreters. In
that way the emerging medium is being more directly and
dynamically shaped by the culture at large. Perhaps the most
exciting thing of all is that this global conversation is happen-
ing in the genuinely formative stages of the medium and not
after the fact.

All new media begin with visions—fantasies, desires, and
ideas about new kinds of experiences that people might have.
As development progresses, these visions can be overshad-
owed by the more immediate concerns of technology devel-
opment. Too often, the technological perspective comes to
dominate not only the process of development, but also the
shape of the emerging medium itself. The visionary impulse
fades away as technological progress becomes the sole focus.
Some of the powers that a medium might have had are lost
in the rush to find near-term solutions. Likewise, early suc-
cesses with specific applications for new media can arrest
growth and limit future potential by funneling resources into
areas of development that seem most likely to provide the
greatest short-term profit. The state of the art in computer
games and commercial television are examples of these phe-
nomena.

‘ A counter-example is film. So many of the key elements of
cinematic form and technique were invented by D. W. Griffith
that we are tempted to think that the medium sprang full-
blown from his brow. But Griffith’s quantum leaps were pre-
ceded both by the development of some baseline
technological capabilities that allowed him to envision the
form and by experiments in which other artists sought the
shape of the new medium in comparisons with its predeces-
sors, most notably the stage. The recapitulation of previous
forms seems to be as intrinsic to the evolution of media as it is
to the development of human individuals in the womb:
Human embryos have gills and tails before they assume
uniquely human shape; television emulated theatre
vaudeville, radio, and film. The emergence of a new mediurr;

is a dance between the evolutionary pattern or recapitulation
and the force of new creative visions.
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The new literature of virtual reality includes some excel-
lent examples of the kinds of experiences people might have
with such systems and the kinds of uses to which they might
be put. Both Fisher [1990] and Lanier [Heilbrun, 1989]
describe surgical simulators for the training of physicians, for
instance. The miracles of scale transformation can enable engi-
neers to adjust the angles of airplane wings with their
(gloved) hands and chip designers to walk around inside their
microcircuits. Here, the materials can be taken more or less
directly from real life, and the action (unless a nurse is hand-
ing you a scalpel) can be supplied by the single human agent.
But applications in art, entertainment, and education require
simulations of more than the physical aspects of a world;
those who want to learn, play, and dream in the Holodeck
will have to wait for a system that can sustain characters and
orchestrate action (Color Plate XI). Judging from the accelerat-
ing pace of research and development, they may not have to
wait too long.

At Ars Electronica, an international conference on com-
puter-based art held in Linz, Austria, in September 1990, a slo-
gan was introduced: “The future goes to virtual reality.”8 This
slogan suggests that virtual reality is more than a new form of
human-computer activity; rather it may be a new stage in the
evolution of interactive media. The diversity of applications
that have been envisioned for it suggests that virtual-reality
technology has the potential to be pervasive and to enhance
our ability to take action in a wide variety of representational
contexts. As the field of virtual reality has coalesced over the
last ten years, it has seemed more and more to me like
Pygmalion’s statue. Those of us who have been involved in
the process have nudged the medium in the direction of our
own visions of human-computer symbiosis, but we have also
been alternatively delighted and vexed by the ways in which
the medium has taken on a life of its own.

In a hopeful vein, it is important to notice that new media
open new possibilities for experience. Surely, virtual reality

8The odd syntax is probably an artifact of translation.
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will contain more than databases and games. To close the cir-
cle from an artistic perspective, I want to describe one vision
of what virtual reality systems might be able to provide for us.
The goals of consciousness expansion, personal liberation,
and the transformation of one’s relationship to the world may
seem lofty in relation to the little boxes we have on our desks
today, but they are at the heart of the purpose of art. Critics of
virtual reality warn that technology-based “psychedelics” will
produce a disembodied race, a culture that ceases to value the
body, nature, or physical reality in general because the alter-
native will be so persuasive. I believe that the reverse is true.

I want to illustrate this point with a personal parable.
During the summer of 1990, I spent some time exploring ruins
of the Anasazi civilization in New Mexico and Arizona with a
knowledgeable guide. We pondered petroglyphs—ancient
carvings in rocks—in the environs of Santa Fe, in the ruins of
a mesa-top city called Tsiping in Chaco Canyon, and finally at
the Grand Canyon, the spiritual center of the universe for the
Anasazi people (Color Plate XII). As we traveled throughout
the Southwest, my companions and I became increasingly
aware of the psychedelic shapes and textures of the rocks
themselves. As shadows paraded across canyon walls, faces
and forms would emerge and fade, leaving us finally unable
to determine which were the works of human craftsmen and
whicb were the result of the spontaneous collaboration of our
own imaginations with the landscape.

Depicted in the petroglyphs were animals, spirit beings,
and the symbolic spiral that represented the Anasazi view of
the nature of time, the story of origins, and the fundamental
§hape of being. Our guide showed us how many of the carv-
ings had apparently begun with some contour in the rock
itself—the suggestion of a leg, a curling tail, a brow. “The
makers of these carvings revealed the faces of the spirits that
lived in the rocks,” he explained. We readily believed. I
thought of the ancient Greek idea that inside every piece of
marblg is a perfect sculpture, and that it is the humble job of
the artist to reveal it and not to superimpose some form of his
own imagining on the substance. But now the principle had a
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new and deeper resonance. Both petroglyphs and sculptures
articulate the essential relationship between the human spirit
and the physical world.

Azt is time travel; it transmits understanding across time
and space. Carvings and sculptures, houses and temples,
plays and symphonies are asynchronous conversations
between the makers of a work and those who experience it.
But the experience of art is in the here and now. Realtime is
where the conversation takes place and where illumination is
achieved. In this way, art itself is “telepresence.” From the
plays of ancient Greece to the ritual dances of the Anasazi to
the concerts of the Grateful Dead, realtime experience is the
Dionysian dimension of art. Recall that in the Greek theatre,
actors were the priests of Dionysus, the god of ecstasy and
rebirth, and during the act of performance they felt them-
selves to be in possession of the god. Their audiences were trans-
ported and illuminated by the divine presence. Dionysian
experience is the experience of being in the living presence of
not only the artist but also huge spiritual forces.

I think we can someday have Dionysian experiences in
virtual reality, and that they will be experiences of the most
intimate and powerful kind. But to do so we must breathe life
into our tools. QOur creative force must be manifest, not as an
artifact but as a collaborator—an extension of ourselves embod-
jed in our systems. There must be more behind the looking
glass than a room that one steps into, and there must be more
to virtual reality than the engineering of the looking glass.

For virtual reality to succeed in meeting these goals, we
need continual and deep involvement by artists in the ongoing
process of understanding what virtual reality is for and what it
can be. We need convivial tools that allow artists to work in the
medium in order to influence its evolution. Most of all, we
need artists to help us understand how virtual reality, like
other art forms, can inform and enrich human experience.

At the height of the Anasazi civilization in the great kivas,
humans enacted spirits and gods. Long before these magical
presences emerged from the shadows, dancing would begin
on huge foot-drums whose throbbing could be heard a hun-
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dred miles away across the desert. The experience was an
altered state that culminated in the performance in the living
presence [see Rheingold, 1991]. The great kivas are silent
today (Color Plate XIII). Even in our magnificent cathedrals,
we hear only echoes of a magnitude of experience that has
faded from our lives. There are no magical meeting places at
the center of our culture, no sacred circles inside of which all
that one does has a heightened significance. In those few
places where such transformations can still occur, the shadow
of our civilization is fast obliterating the possibility. '
What happens when one steps inside the magic circle?

The meaning of the ordinary is transformed. Back in the early
1970s, I wrote (with William Morton) and directed a play
about Robin Hood. The stories we used were among the earli-
est, and they were quite strange and primal in comparison
with the more familiar romantic versions of the myth. The
audience gathered below an old gothic tower near a lake. We
used medieval mansion-style staging for the performance.
Suddenly, a minstrel appeared and began to sing. She invited
the audience to follow her into the woods, where they would
come upon different scenes unfolding in various locales
around the lake. My clearest memory is of the reaction of a lit-

tle boy as the play began. The minstrel appeared and

announced that this was Sherwood Forest. I watched the boy
take hold of a nearby branch and gaze with awe at an ordi-

nary oak leaf. “This is Sherwood Forest,” he whispered, and I

}laltfeheve he really looked at an oak leaf for the first time in his

ife.

Virtual reality may be many things. It may become a tool,

a game machine, or just a mutant form of TV. But for virtual
reality to fulfill its highest potential, we must reinvent the
sacred spaces where we collaborate with reality in order to
transform it and ourselves.

' With virtual-reality systems, the future is quite literally
w1th1r.1 our grasp. The dimension of enactment has undergone
a rapid, qualitative transformation in the last decade. The
challenge for the next decade is to arrive at understandings
and technologies that can bring the other dimensions of
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Chapter Seven

human-computer experience to the same level: At the point of
parity, synergy will kick in. Perhaps more important than
technology development is the need to recognize our new
opposable thumb for what it is. Like every qualitatively new
human capability before it, the ability to represent new worlds |J
in which humans can learn, explore, and act will blow a hole

in all our old imaginings and expectations. Through that hole

we Cé;rl 8limps_e 6;1 yr(:\;lgeovfoﬁ}tliigﬁ_bom cause and effect are a TO St_(Virtu a [ Ke a [i ’
T After the Hype Is Over

The Anatomy of a Fad

A lot has happened in the last three years. In 1990, as I was
finishing up this book with a rhapsodic coda about virtual
reality,! the VR phenomenon was approaching the elbow in
its pop-culture curve. By the end of 1991, movie producers,
cable TV executives, and theme-park entrepreneurs had start-
ed talking about “passive VR” (an oxymoron if there ever
was one), and the term “virtual reality” had begun to spread
like an oil slick over anything new and sexy in the world of
interactive entertainment. Meanwhile, hip young northern
Californians, initially at the forefront of VR enthusiasm,
began to make dark jokes about “face-sucking goggles.” As
the first mainstream books, movies, and TV shows picked up
on the hype, the younger and more creative contributors to
the VR community began to mutate quietly. In late 1992, VPL
Research—pioneers in the development of enabling VR tech-

1 Virtual reality (VR) is a medium in which the human sensorium is sur-
rounded by (or immersed in) stimuli that are partially or wholly generat-
ed or represented by artificial means, and in which all imagery is dis-
played from the point of view of an individual participant, even as he or
she moves around (see Chapter 6),
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nology and wellspring of the pop-culture phenomenon—
effectively ceased operation.

As the VR meme? started to flame out in northern
California in 1992, many of us involved began scrambling to
change our shingles from virtual reality to something roughly
synonymous but less tainted-—telepresence, augmented reali-
ty, immersion technology. Anything to get some distance
from the all too vivid spectacle of the hype-fueled, VR road-
and-media show that rocketed VR pundits to the pinnacle of
pop culture and then sent us burning back into the atmos-
phere, noticing too late that we were in the decaying orbit of a
fad. “Hey guys,” little voices shout from the capsule as it
begins to glow, “we weren’t done yet...we were just begin-
ning....”

As a fad phenomenon, there are striking similarities
between VR and the videogame business, most particularly
with Atari in the early 1980s. In the 1990s, the success of
Nintendo, Sega, and other computer game companies proved
that videogames and computer games could endure; Atari
didn’t have to crash. Neither VR nor Atari games were neces-
sarily destined to be fads. Both became fads as the result of
how they were perceived by the people who managed the
relationships between the technologies and popular culture.

Although it funded a long-term research lab for two
years, Atari turned a deaf ear and an empty pocket to the
kinds of innovation that could not be wedged directly into
the installed base of hardware. It also shunned innovation
that did not fit easily into the rapidly congealing cultural
milieu of its products. Atari’s most glaring error (under the
Warner regime) was to grossly misunderstand the pace and
magnitude of cultural and technological change, mistaking

the metabolism of the computer game business for that of

2 “Meme” is a term introduced by Richard Dawkins in his book The Selfish
Gene. It refers to a word, idea, concept, or fashion that spreads rapidly
through a culture.
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dog food. Finally, Atari was blind to the fact that it was devel-
oping, not a consumer-products company, but a medium. This
;nesi;um deITended as strongly on content as on technolog
or its appeal and would be ulti i i
forits them. timately driven by the dynamic

At Atari,” the internal jingle went, “we’re making it stu-

pid.” We all knew we were in the grips of an organization
that had, to put it kindly, a temporally bounded agenda.
Young idealists burning with the promise of new technolo
found themselves in a pop-culture factory that catered to its
own status quo. We were allowed to do our work in a won-
dgrland——a place with seemingly endless resources and all
kinds of slack for creative people—but only if we couched
what we did in the vernacular of what-was-happening-now.
Once you had the culture-making bug, you began to see
something of where things might go and what they might
bef:ome; and that’s where the problems began. They said
“License the latest hit movie and make it into a game,” an(i
some of us thought, “Make the technology sing and maybe it
will transform the movies.” Management turned a fire hose
on these strange new stirrings, but the money kept on com-
ing. Million dollar hackers barely out of their teens drove
sports cars into the sea. Marketeers consumed pounds of
cocaine and ate guns for dessert. Such were the torments of
the fad mentality.

Most of us lived. Some of us went on to the next thing
For me the next thing was what came to be called VR. An
amazing amount of good work has been done since 1982
much of it by the survivors of the Atari phenomenon. One
good thing about living through both of them is learning that
the death of the fad is not the end of the ride; it's just another
local minimum on the roller coaster.

‘What went away when the fad died? Primarily the hype
whlch almost instantaneously positioned VR as a technolog§;
Wlth' the potential for creating a radically new entertainment
medium. The hype promised that entertainment and technol-
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ogy companies would emit hi-res/hi-touch consumer VR
products in the short term. It provided the palpable icons of
head-mounted displays and DataGloves, encrustations on
our bodies that we would be willing to put up with for the
enormous rush they would enable. Many people hypothe-
sized that this new form of entertainment would replace both
videogames and TV. The more hopeful among us declareFl
that it would transform the very nature of human communi-
cation. ‘

But the consumer products were not forthcoming. Film
executives who invested millions in the Great Next Thing
stepped back in dismay when they did not see hi-res movies
in their head-mounted displays. Mattel introduced, then
shelved, the PowerGlove,? firing its entire VR lab at the same
time. Showroom jockeys learned that, after the hype is over,
VR probably won't sell a kitchen or an automobile. VR pun-
dits learned, or should have learned, that the worst thing you
can do is fire up public expectations when you can’t deliver
product by Christmas. ‘

The train wreck was not as bad as it might have been,
because many interesting lines of thought were involved,
each with its own momentum. These thoughts did not begin
with VR and they will not end with it. VR was a monolithic
icon for a complex network of ideas.

End’uring Investigations

While it is true that its principal lines of research all began
before VR had a name, VR was the nexus that revealed new
synergies and gave each of them' new impeFus and a new
arena of expression. Although vision is certainly the means
by which we perceive text and numbers on computer screens

3 The PowerGlove was a consumer product developed by Matte} in part-
nership with AGE, who licensed the DataGlove from VPL. It is widely
felt that the product failed to sell in sufficient volumes because few com-
puter games took full advantage of it as an interface device.
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or hard copy, the primary activity is not sensory or perceptual
but cognitive.4 The premise of involving the senses in interac-
tive computing is usually said to have begun with Ivan
Sutherland’s forays into the world of graphics (see Chapter
Six).> Likewise, although kinesthesia was implicitly involved
whenever one manipulated punched cards, keyboards, or
other physical input devices, it was studied primarily as a
secondary effect with primarily ergonomic implications. The
kinesthetic and tactile senses, long positioned as interesting
adjuncts to the main cognitive event of computing, were
brought to center stage by VR. Similarly, the study of audition
(which found comfortable homes in signal processing, speech
synthesis, computer music, and videogame embellishment)
rapidly became a full-fledged concern to computer science
when VR kicked down the door to the senses.

In the interface domain, experiments like Schmandt and
Hulteen’s “Put That There” used gesture to disambiguate
speech, still giving primacy to the linguistic mode of interac-
tion.® “Put That There” and other experiments at the MIT
Media Laboratory were progenitors of a notion of multisenso-
ry interface, and it is perhaps to their credit that the folks at the
Media Lab valiantly resisted entering into the VR domain at
all. What remains intact after the hype is over is the irre-
sistible pull of a multisensory interface on our notion of
human-computer interaction.

The related notion of sensory immersion also has some
roots in the Media Lab, with the work of Michael Naimark

4 Terence McKenna holds that reading is not actually a visual activity at
all, especially in “plain-vanilla” text environments. We don’t “see” the
symbols, we “read” them [McKenna, personal communication].

It is interesting to consider that computers as text-displaying devices
may simply be an historical accident. If it had been the Army Corps of
Engineers instead of the Census Bureau that needed big computation, for
example, might graphical displays have become the norm? The specula-
tive history of computing constructed by Bruce Sterling and William
Gibson in The Difference Engine shows us another path that computing
might have taken directly to a graphical interface.

6 In “Put That There,” users interacted with a large map display through
voice commands and gesture. Pointing was used to clarify the meaning
of verbal commands [see Schmandt and Hulteen, 1982].
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and Scott Fisher among others, in the late 1970s and early
1980s. These folks noticed that something qualitatively differ-
ent happens to you when your sensorium is surrounded than
when you are simply gazing at (and listening to) a screen.
Naimark took to testing the idea with surround environments
filled with relief projections, while Fisher simply placed it on
our heads. Both were inspired by the observation that our
channel of communication with present-day computers is a
drop from the firehose of human bandwidth. Both, of course,
had their predecessors, but both broke new ground in bring-
ing our attention to the nature of the effects that immersion
could induce and the domain of research concerned with how
we orchestrate them.

Implicit in much of this work was the notion of the vanish-
ing interface. Before VR the vast majority of work done in the
interface domain took for granted the notion of the computer
as an explicit party to the interaction, and satisfied itself with
making that interaction smooth, tractable, “natural”—nay,
intuitive. It astounds me that this notion has such tenacity. If
the same phenomena happened in the domain of film, we
would all go to see projectors instead of movies. By positing
that one may treat a computer-generated world as if it were
real, VR contradicts the notion that one needs a special-pur-
pose language to interact with computers. In fact, it throws
out the idea of the interface as a cognitive artifact, tool, or
anything else that should impinge upon our experience.
“Direct manipulation” becomes direct sensory encounter, and
the pane is blown out of the interface window.

Another tenacious idea, pioneered by Scott Fisher and
others long before VR was a household word, is the concept
that Fisher named viewpoint-dependent imaging, the idea that
all imagery should be constructed from the point of view of a
person located in the virtual environment. Because of this
intrinsic characteristic of the medium, it is hard to create the
means for simulating conventional camera movements like
dollies, pans, or even establishing shots in VR. David Zeltzer
and his team at MIT spent the better part of a year on the
problem. In fact, there is no such thing as an establishing shot
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in nature: no “overview,” no “camera’s eye.” Unless your
spirit animal is a bird of prey, you will not see the world in
overyiew except as an artifact of cinematic or graphical con-
vention.

VR is utterly a first-person point-of-view medium, con-
gruent with the human sensorium. The notion of point of
view in VR is the manifestation of one’s relationship to the
representational world. It is evident that VR showed no preju-
d_ice in its challenging of conventions; it questioned film as
rigorously as interactive computing. If one is to get the feel of
a place, one must walk around it, sniff it, pick things up, feel
the presences of other beings with all the senses. The theatre
has reflected this impulse in the transition from proscenium
to thrust and arena staging,” and more recently in the blend-
ings of performance, ritual, and improvisation that character-
ized the theatrical avant-garde of the late 1960s as well as
much contemporary performance art.

Somehow in the world of computing, the proscenium, the
overview, the schematic, the “graphical representation” have
become unchallenged standards. But VR reminds us of what
we are good at; namely, perceiving the world from a located
and situated vantage point. Alternate views are prostheses
that are helpful under some circumstances, but do not acti-
vate all of the circuitry that evolution has so magnificently
prepared for us. Rather than pointing words at a relatively
small, lately evolved part of our left cortex, we need to do the
harder thing of building interfaces that speak to the much
larger and more elaborated parts of our brains that process
and construct worlds out of all of the human senses working
In concert.

‘The premise here is that, when presented with a represen-
tation that involves the whole sensorium, a person will
respond holistically and the whole will be more than the sum

A proscenium is the arch or picture frame through which one views the
action in traditional theatres. Thrust stages project into the audience

space, with people seated on three sides of the acti
on. Arena sta
surrounded by audience on all sides. ges are
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of its parts. The discipline of scientific visualization rests on
the observation that a person is sometimes able to perceive
patterns in multisensory representations more readily than in
columns of numbers or even in traditional graphical repre-
sentations like graphs and charts. That's the yang. The yin of
it is that multisensory representations are a brew through
which feel, hunch, and intuition are more likely to bubble up
than among lines of ASCII or schematic graphics. Drama pro-
duces similar effects through multisensory representations
and the orchestration of emotion via empathy; VR produces
them through sensory immediacy and immersion—the first-
person point of view.

As content becomes more complex, correlations emerge
between the sensory and epistemological meanings of “point
of view.” This is one of the contemporary frontiers of interac-
tivity. Just as sensory views are located and situated, so are
epistemologies. Western objectivity, for example, is most
decidedly not, as is often advertised, the absence of point of
view. On the contrary, it is a most particular point of view
that insists, like religion, on its own primacy. We are a species
whose evolutionary trajectory deviated about a hundred
thousand years ago from the path of Darwinian evolution on
account of the emergence of symbolic intelligence and com-
munication. It should neither surprise nor offend us that
mythological, dramatic, folkloric, and fantastic explanations
of who we are and whither we are tending are viewed by
most people on the globe to be at least as “true” and “rele-
vant” as those offered up by science. Viewpoint-dependency
as an epistemological phenomenon has been brought to the
fore naturally by its sensory counterpart in VR, since virtual
worlds are not very interesting until we understand what
people think they are doing in them. The study of how
humans construct contexts and narratives in VR is a recent
but equal partner to the study of human sensation and per-
ception as we ponder what is going on in virtual worlds.

VR validates the dramatic notion that human-computer
activities are multisensory representations, not ultimately of
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objects or environments or worlds, but of actions with human
agents. That, of course, is why the notion of passive VR is so
degply wrong. The illusion of reality (and therefore the invo.
cation of the “whole” human) depends upon the ability to act
within an environment. Our experiences with VR to this
point also confirm that human experiences in virtual environ-
ments are enhanced by dramatic forms and structures that
support complex emotional textures. Indeed, these character-
istics emerge from the constructive activities of human inter-
actors even when they are not purposefully embedded in the
potentialities of the virtual world. As we turn toward what is
new, I am encouraged by the rising importance of the social

cultural, and artistic aspects of human-computer interaction. ’

What We Have Learned from VR

New branches of inquiry, like diverging and reconverging
waters, have grown out of the idea of virtual reality. For
example, VR has reinvigorated and recontextualized the
study of human sensation and perception. While much is
known about the human visual or auditory or tactile senses
relatively little is known “scientifically” about how these’
senses combine. Still less is known about how they combine
in the context of representations, as opposed to the context of
the actual world. For example, it is well known in the folklore
of computer game design that high-quality audio makes peo-
ple perceive visual displays to have higher resolution. It is
algo well known that the converse is not true: Great graphics
will not turn a PC’s beeps and boops into Beethoven. The

study of sensory combinatorics, that is, how vision affects

audition or how the two in concert affect emotion, was almost

exclusively the province of the arts until VR came on the
scene. I find it cause for celebration when science in the arts
can do something more robust than measure the galvanic
skin responses of audience members during the last scene of
Hamlet. The premise that we may interact with technology
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through our senses as well as our intellect has given us occa-
sion to reexamine what our bodies have to do with our
minds.

Similarly, VR has heightened interest in the notions of
technologically mediated presence and shared presence.
Before VR became an object of cultural interest, the focus of
work in such domains as teleoperations, teleconferencing,
and collaborative work was on productivity and outcomes
rather than process and experience. For example, it has been
more or less accepted that the assertion of shared presence
through a set of conventions would be sufficient to support
collaborative work. But in shared virtual environments, con-
vention is an abstraction of experience, and a poor substitute
for it at that. As we shift our goal from establishing good con-
ventions to creating experience through illusion, we begin to
ask, what is sufficient—what is good enough in the domain of
illusion—to create, not the abstraction of presence, but the
sense of it? As the notion of VR recombines with technologies
like the telephone and computer networking, the social and
cultural dimensions of group activity become even more
prominent.

How do we achieve the sense of life in mediated human-
to-human interaction? This book has argued that the way
drama represents experience, in terms of form and structure
as well as content, provides a recipe for the “juice” of human
experience. But as I have observed and participated in both
multisensory and textual shared environments, my views of
the nature and sources of structure in dramatic interaction
have changed. As an activity becomes less artifactual (like
painting or literature) and more ephemeral (like conversation
or dancing), sensory immediacy and the prosody of experi-
ence gain primacy over structural elegance in the realtime
stream of events. In shared virtual worlds, structural elegance
becomes much less about the progression of events and more
about facilitating the emergence of patterns and relationships.
Shared presence and sensory immersion evoke constructive
activities on the part of human participants to a much greater

208 What We Have Learned from VR

Post-Virtual Reality: After the Hype Is Over

degree and in more structurally interesting ways than I had
imagined. Given a multisensory environment that is good
enough, people engage in projective construction that is wild-
ly elaborate and creative. And so this turns the problem on its
head; rather than figuring out how to provide structure with
pleasing emotional textures, the problem becomes one of cre-

ating an environment that evokes robust projective construc-
tion.

A Note on Technology and Culture

I'want to take a fast two-wheeled turn out of the inner work-
ings of VR and into the public discourse around it. Over the
last several years, my public speaking has exposed me to a
great variety of cultures and audiences. I feel like something
of a medieval minstrel. In a way, the medieval troubadours
and jongleurs were the cultural lightning rods of their day.
They performed archetypal characters and situations,
charged with mythological energy and theatrical savoir faire.
The rawness and openness of their performances made them
privy to the deep, unspoken energies that rippled through
their audiences, It was a dialogue, albeit asymmetrical, that
kept certain cultural fires burning during what might be
described as the flatline period of patriarchal monotheism. I
doubt that many of them saw themselves as omniscient
priests, but rather as the figures that Spoonman (ak.a. Mark
Petrakis, storyteller and hacker) calls “Killer Clowns.” They
:ricl;ed you and made you laugh, even as they told you the
ruth. ‘
~ One benefit of being on the VR circuit was that it put me
in contact with people all over the world as they pondered
this new cultural icon. The aspect of VR that I find most fasci-
nating is how it has been received and worked over by the
cultures with whom I have discussed it.

From its strange childhood in military and government
labs, VR emerged as a major concept in the pop-culture scene.
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It was hailed as the techno-wave of the future, with potential
to transform everything from movies to medical imaging. It
was also demonized as the latest in mind-control drugs and
the world’s baddest war machine. Philosophers adopted it as
a platform for renewed debates about the nature of reality, the
evolution of global culture, and the relationship of technology
to the body and the physical world. Nearly everyone agreed
that a head-mounted display would give you a look inside
Pandora’s black box. The mythos of VR continues to be a key
ingredient in the pop-culture view of how the world is chang-
ing, a many-faceted icon for the coming weird times. Why?

In the book Through the Vanishing Point, Marshall
McLuhan mused about how new technologies change our
consciousness:

Anything that raises the environment to high intensity,
whether it be a storm in nature or violent change resulting
from new technology, turns the environment into an object of
attention. When it becomes an object of attention, it assumes
the character of an antienvironment or an art object. [McLuhan
and Parker, 1968]

Such anti-environments, McLuhan believed, “...open the
door of perception to people otherwise numbed in a nonper-
ceivable situation.” Shakespeare was barking up the same
tree when he said that drama “holds the mirror up to nature.”
Media represent us to ourselves in a multidimensional way;
beyond the content of any particular representation, thg ch.ar.-
acteristics of the medium itself give us insight into the invisi-
ble cultural context. Whoever discovered water, as the saying
goes, certainly wasn't a fish. ‘

If McLuhan was right about anti-environments, the
media-making impulse may be a built-in species-level sur-
vival mechanism. In this sense, VR manifests humanity’s
need to encounter and transform the notion of control. No
matter how you look at VR, the control issue i§ center stage.
The public and the press are worried about mind control: ‘Is
VR addictive? Can it be used for brainwashing? Can “special
interests”—from secret police to commercial advertisers—
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alter our beliefs and desires with hypnotic potency? Will it be
used as a way to deny and circumvent the blood-and-guts
realities of war? Will it replace condoms, cosmetic surgery,
and real live lovers with electronic sex?

What we fear is the loss of control—over our minds, our
society, our government, our bodies, and our sexuality. And
with good reason. VR functions as an anti-environment that
boosts our awareness of conditions that already exist in our
culture, but to which we have become, if not completely
numb, at least increasingly resigned and mute. For example,
broadcast media are saturated with messages, sometimes
explicit but increasingly camouflaged, that are produced by
consumerist institutions with absolutely no interest in our
individual health, well-being, or freedom. The current tech-
nological and economic structure of broadcasting is opti-
mized for the one-way transmission of such messages in
order to control our beliefs, desires, and behavior, VR and its
progeny may ultimately function to demonstrate that a hier-
archical notion of control is a toxic philosophy in the contem-
porary world, not only in terms of culture and art, but also in
terms of our relationships with individuals, societies, and
environments, and especially in terms of how we define and
measure our own freedom and self-esteem. [Laurel, 1991 and
1992]

There is an interesting parallel between our understand-
ing of control in a human culture and the way that scientists
puzzle over the notion of control in the flocking activity of
birds or schools of fish.8 In the nineteenth century, a good
deal of effort went into figuring out which animal was the
leader and how that individual managed to orchestrate the
behavior of the group. Some sociologists and political scien-
tists are still more comfortable propounding theories that are
based on utterly unexplained means of communication to
accommodate a command-and-control paradigm than they
are exploring control as an emergent phenomenon in group

8 I am indebted to Rob Tow of Interval Research for this insight.
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behavior. In the late twentieth century, new metaphors of
communication and control have emerged from biology and
cybernetics and are making their way into sociology, politics,
and the general culture, just as the Von Neumann architecture
is being supplanted by massively parallel computers.
Networked virtual communities offer tantalizing evidence of
emergent social organizations with novel topologies, lacking
explicit leadership. Designers and builders of such systems
should study the approach used by some enlightened design-
ers of public space, who observe emergent footpaths on the
grass before laying out sidewalks.

The notion of emergent control provides a good analogy
for getting past the paradox of authorial control in interactive
media. As long as designers see themselves as authors of one-
to-many experiences, all of us will only be bottom-feeding on
the fringes of fundamentally non-interactive forms. Neither
participants nor authors have ultimate control over the shape
of interactive experiences; form and structure emerge as arti-
facts of complex, asynchronous collaboration. Exploring the
dynamics of emergent form will lead us to new, more appro-
priate ways to approach design. To put it in Aristotelean
terms, formal causality loses primacy as we diverge from tra-
ditional notions of authorship. The stidy of emergence can
provide new insights into the workings of material and effi-
cient causality, especially in interactive contexts [see Resnick,
1992]).

The VR subculture has begun to blend at the edges with
those who are transforming music, video, and computers into
a context for interactivity in communal and orgiastic dimen-
sions, known in the late 1980s and early 1990s as the “rave
scene.” The same tribal impulses, also predicted by McLuhan,
show up in the burgeoning diversity of communities in the
world of computer networking [see Rheingold, 1993] as well
as in the trends toward personalization and sensory immedi-
acy in multimedia software.? These movements are driving

9 See, for example, Pedro Meyer’s “1 Photograph to Remember,” published
by The Voyager Company in 1991.
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the evolution of technology and culture with a passion that
begins to tap not only the intellectual, but also the sexual and
spiritual energies of a generation. They are the early manifes-
tations of a huge new wave of narrative vigor and joyous cul-
tural polyphony, which is the double of political fragmen-
tation and ethnic strife that currently characterizes the geopo-
litical dimension of human culture. They flow like water
around rocks on a hillside, dividing and rejoining; rushing,
we sense, toward a grand convergence hidden in the canyon.

The Purpose of Passion

In 1991, Jean-Louis Gassée wrote:

We humans are in love with our tools because they help us
become more than we are, to overcome our limitations and

extend the boundaries of what is possible to do with our brains
and bodies.

Gassée’s use of the word love is significant here. It is not an
objective word. Spearheaded by a techno-subculture, VR
became a meme that has had an enormously emotional
impact on the collective imagination. Our relationship to the
idea has been passionate, as expressed in both our hopes and
our fears.

In a particular way, our passionate response to VR mir-
rors the nature of medium itself: By inviting the body and the
senses into our dance with our tools, it has extended the land-
scape of interaction to new topologies of pleasure, emotion,
and passion. A similar transformation occurred in the Middle
Ages, when theatre exploded out of the textual universe of
the monastery into the sensory fecundity that gave rise to
Commedia dell’Arte, the robust improvisational theatrical
form that emerged in Western Europe in the fifteenth and six-
teenth centuries. In the same historical period, the monolithic
Christian content of the drama was bathed in a wave of sen-
sory, passionate, and archetypal imagery. It was this coming
together of text, body, and narrative polyphony that opened
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the way for Shakespeare, Grand Opera, and all the vital per-
mutations of the dramatic impulse that have come down to
our day.

The idea of virtual reality is the manifestation of a similar
kind of convergence between deeper cultural impulses and
the textual medium of computers. I think that we respond to
it so passionately because we sense the magnitude of this
transformation at the level of human culture and evolution.
As an artifact and amplifier of thought, technology is not
exclusively about rationality; content is not exclusively about
information. Many of us sense the inadequacy of the para-
digm that has led us to our current notions of technology,
nature, and consciousness. We see relationships between that
paradigm and the degradation of our cultures, our habitat,
and our individual lives. Running counter to the traditional
ethos of computers, VR is a context for exploring how to
make ourselves whole within a technological frame. It is a
context in which we encounter technology with passion. The
primary concern of VR is not constructing a better illusion of
the world; it is learning to think better about the world, and
about ourselves.

We often see language as the sine qua non of intelligence.
The other day, as we were watching a demo of a new speech
recognition system that took no account of prosody or para-
linguistics, we remarked on how much was being lost. Speech
without prosody is simply words. Intelligence without pas-
sion is simply rationality. As we ponder our collective evolu-
tion, we see that passion is the prosody of intelligence.
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