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(Chapters 1 - 3)
1 Introduction

1.1 What this book is about

This book reflects a convergence of interests at the intersection of
psychology and artificial intelligence. Whal is the nature of knowl-
edge and how is this knowledge used? These questions lie at the
core of both psychology and artificial intelligence. The psycholo-
gist who studies 'knowledge systems’ wanls to know how concepts
are structured in the human mind, how such concepts develop, and
how they are used in understanding and behaviar. The artificial in-
telligence researcher wants 1o know how to program a computer so
that it can understand and interact with the outside world. The two
orientations intersect when the psychologist and the computer sci-
entist agree that the best way to approach the problem of building
an intelligent machine is to emulate the human conceptual mecha-
nisms thal deal with language. There is no way to develop adequate

computer ‘'understanding’ without providing the computer with ex-
tensive knowledge ol the particular world with which it must deal,
Mechanistic approaches based on tight logical systems are inade-
quate when extended 1o real-world tasks. The real world is messy
and often illogical. Therelore artificial intelligence (hencefarth Al)
has had to leave such approaches behind and become much more
psychological {cf. Schank and Calby, 1973; Bobrow and Collins,
1975; Boden, 1976). Al the same lime, researchers in psychalogy
have found it helpful to view people as 'information processors' ac-
tively trying to exlract sense from the continual flow of infarmation
in the complicated world around them, Thus psychalogists have be-
come more interested in machine models of real-world knowledge
systems. The name "cognitive science' has been used fo refer 1o
ihis convergence of jnterests in psychology and artificial intelli-
gence (Collins, 1976).

This working partnership in ‘cognitive science’ does nol mean thal
psychologisis and computer scientisis are developing a single
comprehensive theory in which people are no different from ma-
chines. Psychology and artificial intelligence have many points of
difference in methods and goals. Intellectual histary, ike palitical
history, is full of shifting alliances belween dilterent interest
groups. We mention this because for many commenlalors, the
blood quickens when computers and human beings are associated
in any way. Strong claims for similarity (e.g.. Newell and Simon,
1972) are countered by exiravagant alarms (e.g9., Weizenbaum,
1976). Enthusiasts and horrified skeptics rush to debate such ques-
tions as whether a computer could ever be in love. We are not inler-
ested in Irying to get computers to have feelings (whatever that
might turn cut 1o mean philosophically), nor are we inferasted in
pretending that feelings don't exist. We simply want 1o work on an
impartant area ol overlapping interest, namely a theory of knowl-
edge systems, As it turns out, this overlap is substantial. For both
peaple and machines, each in their own way, there is a serious
problem in common of making sense out of whal they hear, see, or
are lold about the waorld. The conceptual apparatus necessary 1o
perform even a partial feat of understanding is formidable and fas-
cinating. Our analysis of this apparatus is what this book is about.
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1.2 Knowledge: Form and Content

A staggering amount of knowledge about the world is available 1o
human beings individually and collectively. Before we sel out on a
theory of knowledge systems, we ought 1o ask ourselves. knowl-
edge about what? We must be wary of the possibility that knowl-
edge in one domain may be organized according to principles dif-
ferent from knowledge in another, Perhaps there is no single set of
rules and relations for constructing all potential knowledge bases
at will. A desire for generality and elegance might inspire a theorist
1o seek a "universal’ knowledge system. But if you try to imagine the
simultanecus storage of knowledge about how to solve partial dif-
ferenftial equations, how to smuggle marijuana from Mexico, how to
outmaneuver your opponent in 8 squash game, how (o prepare a le-
gal brief, how to write song lyrics, and how to get fed when you are
hungry, you will begin to glimpse the nature of the problems.

Procedures for intelligently applying past knowledge to new expe-
rience often seem to require common sense and practical rules of
thumb in addition 1o, or inslead of, formal analysis (Abelson, 1975),
The prospects tor the general theorist to cope with all the varied ap-
plications of common sense are especially dismal. Nevertheless,
many artificial intelligence researchers take a generalist point of
view. It 15 in the besl tradition of mathematics (in which computer
scientists are generally well trained) that great power i1s gained by
_ separating form and content: the same system of equations may ac-

count for a great many apparently disparate phenomena, It isalso a
central tenet in computer science thal generalily is highly desir-
able. Turing's (1936) original principle of 1he general purpose ma-
chine has often been embraced as though the computer were (or
soon would be) in praclice a general purpose machine. The field of
artificial intelligence is full of intellectual optimists who love power-
ful abstractions and who strive 1o develop all-embracing formal-

I5mMS.

It is possible 1o be somewhal more pragmatic aboul knowledge,
however. The five-year-old child learning o tie shoglaces need not
in the process be leaming anything whatsoever aboul mathemati-
cal topology. There is a range of psychological views on the nature
of knowledge, and we shall say a little maore about this in the next
section. For now, we simply note that we will take a pragmatic view
We believe that the form of knowledge representation should not be
saparaled too far from its content, When the content changes dras-
tically, the form should change, too. The reader will encounter
plenty of abstractions in this book, but each set of lhem will be

pegged specifically to a particular type of real-world content,
Where generalizing is possible, we will attempt to take advantage
of it, but we will not try to force generality where it seems unnatural,

In order to adopt this attitude, we have set some boundaries on the
type of knowledge we will to consider. Our focus will be upon the
world of psychological and physical events occupying the mantal
lite of ordinary individuals, which can be understood and expressed
in ordinary language. Our knowledge systems will embody what
has been called 'naive psychology' (Heider, 1958) — the commaon
sense (though perhaps wrong) assumptions which people make
about the motives and behavior of themsalves and others —and
also a kind of "naive physics', or primitive intuition about physical
reality, as is caplured in Conceptual Dependency (CD) theory
(Schank, 1972, 1975). This book goes well beyond CD theory, how-
ever. Thal theory provides a meaning representation for events.
Here we are concerned with the intentional and conlextual connec-
tions between events, especially as they occur in human purposive
action saquences. This new stratum of conceptual entities we call
the Knowledge Structure (KS) level. It deals with human intentions,
dispositions, and relationships. While it is possible computers can-
not actually experience such intentions and relationships, they can
perfectly well be programmed to have some understanding of thair
occurrence and significance, thus functioning as smart observers.
It aur theary is apt, it will provide a model of the human observer of
the human scene; it will also explain how to construct a compuler
observer of the human scene, and lead to the eventual building of a
computer participant in the human world.

Often our emphasis will be on the nature of potential understanding
of two or three sentences, story fragments, or longer stories. These
provide a straightforward and helpful way lo pose the major issues.
Lurking beneath the surface, however, is an interest in the ingredi-
ents of personal belief systems about the world, which dispose peo-
ple toward alternative social, religious, or political actions. One of
us has a major interest in belief systems and ideologies (Abelson,
1973). This book is not directly addressed to that interest, but the
concepls developed are a major part of that total effort.

What wa will not present in this book is a general apparatus for at-
templing to represent any and all knowledge. We give no informa-
tion retrieval methods of interest to library scientists. The reader
with a passion for mathematics andfor logic will be disappointed.
Likewise, anyons wondering, for example, whaether wa could get a
computer to play squash or roll pasla dough should not wait with
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bated breath. The geometry of bouncing balls, the “teel’ of dough
texture, and many other aspecls of human activities involve knowl-
edge falling outside of our present boundaries. This is because
{among other reasons) visual and kinesthetic processes cannol
readily be represented in verbal form. However, a great deal of the
human scene can be represented varbally, and we have no lack of
things 1o work on.

1.3 Traditional Points of View

We have mentioned that our task lies at the intersection of psychol-
ogy (more specifically, cognitive psychalogy and cognitive social
psychology) and artificial intelligence. Since we are concemed
with verbally expressible knowledge, there is also an overlap with
linguistics. When one iries to work in a disciplinary intersection,
one inevitably comes into conflict with the traditional standards,
habits, and orientations of the parent disciplines. This is especially
true when the disciplines correspond 1o university departments,
breeding suspicion of oul-groups (cf. Campbell, 1963). Here we
briefly skelch some of these conflicts, which we have resolved
somewhat differently from others working at the same inlersection.

Psychology is a heterogeneous discipline. The major subdivisions
are developmental, clinical, cognilive and social psychology, and
psychobiclogy. It is surprising 1o the non-psychologist but familiar
to all but the youngest generation of psychologists that cognitive
psychology is a relatively new branch of study. American experi-
mental psychology was dominated for so long by behaviorism —
roughly, from 1835 to 1960 — that the study of mental processes lay
almost entirely dorman! while other branches of psychology were
developing rapidly. Since mental events could not be obeerved di-
reclly, there was scientific resistance loward relying on them to ex-
plain anylhing, whatever the scientist’s commaon sense might tell

him. Introspective evidence was not regarded as objectively trust-
worthy.

Since 1960, there has been an enormous surge of careful expari-
mental work on mental phenomena. Skinner notwithstanding, hu-

man psychology could not seem to do without cognitive processas.
Mevertheless, the methodological caution of the behavicrisis was
carried over into this resurgence. Acceptable scientific procedure
called for quantitative response measurements such as accuracy of
recall or choice reaction time when subjects were confronted with
well-controlled stimulus tasks. In the verbal domain, stimulus con-
trol wsually entailed repetitive trials on isolated verbal materials,
deliberately avoiding meaningtul connatations in the experimantal
situation. While recent experimental materials have not been as
trivial as the old-fashioned nonsense syllables, neither have they
been genuinely meaningtul or even necessarily plausible. Experi-
mental lasks are often unusual andfor unnatural in ralation to tasks
encounlered daily by people in using language. For example, in &
well-known- experiment by Foss and Jenkins (1973), subjects lis-
tened to 4B sentences such as ‘The farmer placed the straw beside
the wagon', with instructions to press a key the instant they first
heard the phoneme 'b’. In another waell-known series of experi-
ments by Anderson and Bower (1973}, subjects heard 32 unrelaled
sentences such as'In the park, the hippie kissed the debutante’, ‘In
tha bank, the lailor lackled the lawyer', elc., and an hour later weara
asked to recall as many of them as they could. The artificiality of
tasks such as the latter led Spiro (1975) to remark tartly,

Why should a research subject integrate the lo-be-remembered in-
farmation with his or her other knowledge? The role the information
will play in his or her life can be summarized as follows: lake in the
information, hold it for some period of lime, give if back (o the ax-
perimenter in as close to the original form as possible, and then for-
get il farever. The informalion cannol be perceived as anything but
useless o the subject in his or her life (given the common employ-
ment of esoteric or clearly fictional topics as stimulus malerials).
The information, even when nol clearly fictional, is probably nol
true. In any case, the subject knows that the refative truth of the in-
formation has nothing o do with the purpose of the experiment,
(p.11)

In complaining about the lack of meaningful context in experimants
such as these, it is no doubt unfair to present them out of their con-
text The experimenters had serious purposes, and the data were of
some inlerest, Bul since our needs are for a set of interrelated con-
structs to explain the process of natural understanding of con-
nacted discourse, this slyla of exparimentation is both 100 unnatu-
ral and too slow. There has been a gradual increase in research
with connected discourse as stimulus material (e.g., Bransford and
Johnson, 1972: Kintsch, 1974; Frederiksen, 1975; Thorndyke, 1977)
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but the field is still marked with a very cautious theoratical attitude.
Wa are willing to theorize far in advance of the usual kind of experi-
mental validation because we nead a large theory whereas experi-
mental validation comes by tiny bits and pieces. Our approach, in
the artificial intelligence tradition, is discussed in Section 1.6

If the research properties of experimental cognitive psychology are
often unduly restrictive, the traditions in the field of linguistics are
even more restrictive. Linguistics has concerned itsalf with the
problem of how to map deep representations into surface reprasan-
lations (see Chomsky, 1965). After a long obsession wilh synlacti-
cally dominated deep representations, recent work in linguistics
has oriented deep representations much more lowards consider-
ations of meaning (Lakoff, 1971; Clark, 1974). Despite this reorien-
tation linguists have managed to miss the central problems.

Two fundamental problems stand oul: How do people map natural
language strings into a representation of their meaning? How do
people encode thoughts into natural language strings? Because of
a purported interast in the purely formal properties of language, lin-
guists have consciously avoided both of these naturalistic prob-
lams. The second question segems, on the surface, to be closerto a
linguist's hear. But linguists treat generation as a problem of deter-
mining whether a string is grammatical, i.e., whether it can be gen-
arated by the grammar they have sal up. A grammar thal generates
natural language strings would be interesling and useful of course,
il, and this is a big 'if", it started at the right place. Linguists tend to
slart their grammars at the node S (for sentence). People, on the
olher hand, start with an already well-formed idea (or the begin-
nings of an idea) that they want to express. Linguists thus wind up
conceming themsalves wilth considerations of semantics at the
level of ‘Can | say this string? Will It mean something'? People al-
ready know what they want to say and that il is meaningful.

Two remedies for this linguistic notion of semantics come to mind.
For the generation problem the obvious solution is to star the pro-
cess earlier. How do people get thoughts o express? Linguists ex-
plicitly consign this guestion to other disciplines; yet il is an impor-
tant part of the generation process, and one which when Ireated as
a linguistic question complelely changes the process under investi-
galion, The other remedy is o apply such semantic considarations
as 'Doas this string mean something?’ to the problem of under-
standing whal someone eise has said, Queslions ol how strings can
be meaningfully intarpreted belong to the domain of understand-
ing, not genaration, where Chomsky (1965, 1971) has repealedly

put them. (Actually Chomsky would deny that he waorks on genera-
tion. Transformationalists prefer to think of themselves as working
of an abstract lormalism with no process notions presant at all.)

Linguists have almaost totally ignored the guestion of how human
understanding works. Since human understanding is dependant on
the ability to decode language this seems odd at best, Some ‘com-
putational linguists’, (e.q., Friedman, 1969 and Kay, 1973) have al-
tached the problem. Howevar, they have followed linguistic tradi-
fion and consaguantly have maintained one of the fundamental flaws
of linguistics In Iheir wark, They have divided the problam into lin-
guistic and non-linguistic parts, a division thal holds up no better
for understanding than it does lor genaration,

Artificial intelligence has a somawhat more congenial racent his-
tory. The lield is relatively new, and its early efforts were predomi-
nantly orienled toward getting computers to solve logical and math-
ematical problems (e.g.. Newell, Shaw and Simon, 1957; Minsky,
1961, Feigenbaum and Feldman, 1963; Nilsson, 1971), and 1o play
games such as checkers (Samuel, 1963) and chess (Bernstein et al,
1958; Newell, Shaw and Simon, 1958) intelligently. Early alforts o
have computers deal with natural language weare marked either by
drastic failure (as in the case of mechanical translation from one
language to another) or drastic oversimplification in the admissible
vocabulary (Green et al, 1961) and grammar {Abelson, 1963; Colby
and Gilbert, 1964), or by programming tricks producing smooth lo-
cutions which made the computer seem smarier than it actually
was (Weizenbaum, 1966).

It has nevertheless been consistenlly regarded as impaortant that
computers deal well with natural language. In practical terms, such
a development would mean that anyone could interact with a com-
puter without leaming a programming language or some special
code to communicate about a special problem, whether it be library
ar consumer information, travel and ticket reservations, sugges-
tions about home repairs, crop protaction, first aid, etc. Computer-
ized teaching programs would not have 1o be restricled 1o giving
multiple-choice lests of the student's knowledge, but could intar-
pret and respond intelligently to free-form answers and questions
from the student. None of these high-sounding things are possibla,
of course, unless the computer really 'understands’ the inpul. And
that is the theoretical significance of thesae practical quastions —to
solve them requires no less than arliculating the detailed nature of
‘understanding’. If we understood how a human understands, then
we might know how 1o make a computer undersiand, and vice
Versa.
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In the last several years there have been two clusters of develop-
ments in artificial intelligence which are miles ahead of previous ef-
lorts, First, there is a new genearation of programs lor"parsing’ sen-
lences [in English and other languages) —thal is, far deciding the
proper features (such as what parl of speech) to assign 1o each
word in a sentence. The approaches of Woods (1970), Winograd
(1972), Riesbeck (1975) and Marcus (1975) differ in the relative pri-
ority they give to syntactic or semantic features in parsing, but all
agree thal semantic fealures are conside rably more imporiant than
linguists had generally been willing lo acknowledge. Second, there
has been increasing recognition that context is of overwhelming
importance in the interpretation of text, Implicit real-world knowl-
edge is very often applied by the understander, and this knowledge
can be very highly structured. The appropriale ingredients for ex-
tracting the meaning of a sentence, therefore, are often-nowhere to
be found within the sentence.

Thara are several famous illustrations of this latter point. Collins
and Quillian's (1972) is:

1 The policeman held up his hand and stopped the car,

Somehow in understanding this senlence we eliorlessly create a
driver who steps on a brake in response lo seaing the policeman’s
hand. Mone of these intermediate links are mentionad in sentence
{1). Another example, (from Abelson, 1963) is:

2 1 wen! to three drugstores this morning.

Very innocently, the concep! that the person must not have found
what he wanted in the first two drugstores is implied, otherwise why
would he have gone to three? This kind of implicit inference is very
common — and of course can be wrong, but it is intrinsic ta natural
understanding that useful, fallible presumptions creep in.

Perhaps the simplest example of implicit inferences can be seen in
a simple sentence such as (from Schank, 1972):

3 | like apples,

The speaker is talking about 'eating’ bul this is nol explicitly men-
lioned. And why should it be? The speaker, unless he is deliberately
trying 1o fool his listener, knows that the listener knows what action
is being implicitly referenced. These examples were constructed
with a point in mind, but are not really unusual. In all of them, and in
many, many other examples 1o be found in this book, mare is at
issue than 'semantics’, It is ‘pragmatics’, the way things usually
wark — not how they might conceivably work — which most often im-

pels the reader toward an interpretation. The reader brings a large
repertoire of knowledge structures to the understanding task. Else-
where these siructures have been called ‘frames' (Minsky, 1975)
and ‘schemata’ (Rumelhart, 1976). Rumelhart puls the matter very
well when he says, ‘The process of understanding a passage con-
sists in finding a schema which will account for it

interestingly, the idea of the schema in the interpretation of human
gvenis has a long tradition in social psychology. American social
psychology had its rools in Gestalt psychology, and therefora did
not succumb 1o the excesses of behaviorism the way human axperi-
mental psychology did. The phenomanology of mental lite main-
{ained a central role, largely through the towering influence of Kurl
Lewin in the 1840's. Lewin {1936} wrate about human goal slrivings
in terms of internal images people had of their "life spaces’. Since
then a long succession of social psychologists have appealad lo
structured ideational kemals of the way people supposed the world
1o be organized: Heider's (1946, 1958) 'balance principle’ and
‘naive psychology', Festingers (1957) ‘cognitive dissonance
theory'; Abelson and Rosenberg’s (1958) ‘psycho-logic’; Kelley's
{1967) and Jones and Davis' (1966) 'attribution theory’, and many
more. The terminology of the ‘schema’ is very much active in the
1970's (cf. Kellay, 1971; Tesser, 1977}, even in araas well beyond
social psychology (Rumelhart, 1975, Bobrow and MNorman, 1975,
Rumelhart and Ortony, 1976). The second author's orientations in
the present book can be traced back to earlier excursions info "hot
cognition’ (Abelson, 1963}, “individual belief systems' (Abelson and
Carroll, 1965), and "implicational molecules’ (Abelsan and Reich,
19649).

There is a very long theoretical stride, however, from the idea that
highly structured knowledge dominales the understanding pro-
cess, to the specification of the details of the most appropriate
structures, It does not take ane very far to say that schemas are im-
portant: one must know the content of the schemas. To be eclectic
here is to say nothing. |f one falls back on the abstract position that
only form is important, that the human mind is capable of develop-
ing knowledge structures of infinitely varied content. then ona sac-
fificas the essence of the structure concepl, namaly the strong ex-
pectations which make reality understandable. In other words, a
knowledge structure theory must make a commitment to particular
content schemas.

The commitment to particular content is a policy we follow consis
tently throughout the book. Whether we are talking of scripts, plans,
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goals, themes, etc,, we try whenever feasible to lay out the particu-
lars of members of these conceptual categories. This is the same
policy as was followed by the first author in developing Conceptual
Dependency theory (Schank, 1972) to describe individual aclions.

There has been much debate over whether the conceplual primi-
tives of CD theary are the ‘right’ primitives, and some criticism that
the theory is ad hoc. For many purposes, however, the imporiant
critarion is whether the theory is useful. Further, we would argue
that any theory proposed as a replacement will have 1o come lo
grips with the same content issues as CD theary, and will more than
likely end up with much the same primitives (as did Norman and
Rumelhart (1975) for example). Indeed, the systemalic linguistic ex-
ploration by Jackendotf (1976) of candidates for primitives seems
to paint in this direction.

We anlicipate thal thare will be similar debate about the primilives
wa will propose in this book for higher-level knowledge structures,
We will not be dogmatic aboul particular primitives, however,
knowing that revisions in our scheme will no doub! be necessary as
psychological validations and unanticipated theoretical consider-
ations come along.

1.4 Conceptual Dependency Theory

In order (o understand whal follows in this book it is helpful 1o have
a rudimentary exposure to Conceptual Dependency Theory., The
theory has been described al length elsewhare (see especially
Schank, 1975); we need not go inlo it in much delail here.

Conceptual Dependency (henceforth CD) is a theary of the repre-

sentation of the meaning of sentences. The basic axiom of the
theory is:

A For any two sentences that are identical in meaning, regardiess
of language, there should be only one representation.

The above axiom has an important corollary that derives from it.

B Any information in a sentence that is implicit must be made
explicit in the representation ol the meaning of thal senlence.

These two rules have forced us to look for one economical form for

representing meaning. In doing so, we have invented the initial
framework:

C The meaning propositions underlying language are called con-
ceptualizations. A conceplualization can be active or stative.

O An active conceptualization has the form:
Actor Action Object Direction {Instrument)

E A stative conceplualization has the form:
Object (is in) State (with Value)

The form that we postulate lor conceptualizations has led us io the
principle of primitive actions. That is, because a conceplualizalion
is delined as an actor doing something lo an object in a direction,
we have had lo determine just what an actor can do. Clearly, Princi-
ple A forces us to look closely at actions that seem similar to see if
we can extract the essence of their similarity. Principle B forces us
1o make explicit whatlever differences there migh! be between lwo
actions and to express them accordingly. For example, two verbs in
a language may share a similar primitive element (as 'give’ and
‘take’ share the primitive elemen! TRANSFER of POSSESSION) bul
also have dilferences. The bes! representation for our purposes for
a given verb then, will be the primitive element it shares with other
verbs, plus the explicitly stated concepts thal make it unique. As il
happens, these explicitly stated concepts also lurn out o share
similar elements with other verbs, s0 that often a verb is repre-
santed as a paricular combination of primitive actions and states
none of which are unique fo that verb, but whose combination is en-
lirely unique. (Many verbs are represented entirely by stales with
no primitive act used at all.)

The primitive acts of Conceptual Dependency are:

ATRANS The transter of an abstract relationship such as posses-
gion, ownership or confrol, Thus, one sense of 'give’ is:
ATRANS something to someone else; a sense of ‘lake’ is:
ATRANS something to oneself. ‘Buy' is made up of two
conceptualizations that cause each other, one an
ATRANS of money, the other an ATRANS of the object
being bought,
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PTRAMS The transfer of the physical location of an object. Thus,

‘go’ is PTRANS onesell to a place; ‘putl’ is PTRANS of an
object to a place,

PROPEL

The application of a physical force to an object. PROPEL
is used whenaver any force is applied regardless of
whether a movement (PTRANS) took place, In English,
‘push’, ‘pull’, ‘throw’, ‘kick', have PROPEL as part of them.
‘John pushed the table to the wall’ is a PROPEL that
causes a PTRANS. "John threw the ball' is PROPEL thal in-
volves an ending of a GRASP ACT at the same time. Often
words that do not necessarily mean PROPEL can proba-
bly infer PROPEL. Thus, 'break’ means o DO something
that causes a change in physical state of a specific sort
(where DO indicales an unknown ACT). Most of the time
the ACT that fills in the DO is PROPEL although this is cer-
tainly not necessarily the case.

MTRANS The transler of mental information between animals or
within an animal. We partition memory into two pieces:
The CP (conscious processor where something is thought
of). and the LT™ (long term memory where things are
stored). The various sense organs can also serve as the
originators of an MTRANS. Thus, ‘lell' is MTRANS belween
people, "see’ |s MTRANS from aeyes 1o CP, ‘remambar is
MTRANS [rom LTM to CP, ‘forgetl’ is the inability to do that,
‘learn’ is the MTRANSIng of new information 1o LTM.

MBUILD The conslruction by an animal of new information from
old information. Thus, ‘decide’, 'conclude’, "imagine’,
‘consider, are common examples of MBUILD,

MOVE

The movement of a body part of an animal by that animal.

MOVE is nearly always the ACT in an instrumental con-
ceptualization for other ACTs. That is, in order 1o throw,
it is necessary 1o MOVE one's arm. Likewise MOVE foot is
the instrument of 'kick’ and MOVE hand is often the in-
strument of the verb 'hand'. MOYE is less frequently used
noninstrumentally, bul *kiss’, ‘raise your hand’, 'scratch’
are examples.

GRASP

The grasping of an object by an actor. The verbs 'hald’,
‘grab’, ‘let go', and 'throw' involve GRASP or the ending of
a GRASP,

S8PEAK The aclions of producing sounds. Many objects can
SPEAK, bul human onas usually are BPEAKIng as an
instrument of MTRANSING. The words ‘say’, ‘play music’,
‘purr’, 'scream’ involve BPEAK.

ATTEND The action of attending or focusing a sensa argan
lowards a stimulus. ATTEND ear is 'listen’, ATTEND eye is
‘saee’ and 50 on. ATTEND is nearly always referred to in
English as the instrument of MTRANS. Thus, in
Conceptual Dependency, 'see’ is treated as MTRANS to
CP from eye by instrument of ATTEND eye (0 object,

INGEST

The taking in of an object by an animal 1o the inside of
that animal. Most commaonly the semantics for the ob-
jects of INGEST (thal is, whal is usually INGESTed) are
faod, liquid, and gas. Thus, 'eal’, ‘drink’, *smaoke’,
‘breathe’, are common examples in INGEST.

EXPEL

The expulsion of an objec! from the body of an animal
inta the physical world. Whalever is EXPELed is very
likely 1o have been previously INGESTed. Words for ex-
cretion and secretion are described by EXPEL, among
them, ‘sweal’, 'spit’, and 'cry’.

Some set ol primitive ACTs 15 essantial for representing meanings,
aspecially if sentences that have the same meaning are going lo be
be reprasented in only one way, The ACTs prasented here are not
category names for verbs. They are the elements of action. An anal-
ogous siluation is the formation of compounds from the elemenls in
chemistry.

The use of such primitives severely reduces the interence problem
(see Schank, 1975), since inferance rules need only be written once
for any ACT rather than many times for each verd thal references
that ACT. For example, one rule is that jf you MTRANS something to
your LTM, then il is present thare (i.e., you know it). This is true
whether the verb of MTRANSINng was 'see’, "hear', ‘inform’, ‘'memo-
rize’, or whatever. The inference comes from the ACT rather than
tha verb,
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Conceptualizations that are attribute-value statemenis make use ol
a large number of SCALES. These scales run between boundaries
which by convention are labeled -10 to 10. Scales are useful for in-
dicating changes in state. Some of the scales we use, with their
boundaries and some steps in between, are indicated below. In cur-
renl applications of Conceptual Dependency Theory, it has not
been necessary 1o underake a serious quantilative scaling of rela-
live points along the -10 10 10 continuum. At present, the occasional
numerical references are only used suggestively.

HEALTH (dead, diseased, under the weather, lolerable, in the pink)
ANTICIPATION (terrified, nervous, hoping, confident)

MENTAL STATE (broken, depressed, all nght, happy. ecslatic)
PHYSICAL STATE (end of existence, damaged, OK, perfect)
AWARENESS (dead, unconscious, asleep, awake, keen)

The symbol = denotes causality, Some example senlences and
their representations are:

John kKilled Mary.
John GO

Mary HEALTH(-10)

John kicked Mary.
John PROPEL fool to Mary

fool(John) BE PHYSICAL CONTACT(Mary)

John told Mary that Bill was happy.
John MTRANS(Bi1ll BE MENT.ST(5)) to Mary

John read a book

John MTRANS(Information) to LTM(John) from book
inst{John ATTEND eyes to book)

In the original development of Conceptual Dependency theory, we
spent most of our effort on representation of verbs and states. The
bulk of Chapter 3 is one answer 10 the question of how o reprasent
nouns. How does one represent a restaurant? 15 il 'a place where
people eal’? Or ‘a place you go to eal whare someone serves you
and you pay’? How tar do you go in such a representation? Scripts,
although invented fo handle a different but related problem, form
the basis of the answer 10 the representation of certain complex
nouns as well, How to represent concrete nouns is discussed briefly
when we deal with memory in tha next section,

Other researchers in arificial inlelligence have much discussed
the primitive actions that we have developed. Many of them seem to
adopl one or more of them for their purposes, while usually rejec-
ting either the rest of the set or the principle that il is necessary o
represant sentences at the level of primitive actions each and every
time. The most often heard suggestion is that one should only
‘break down words into primitives when necessary’.

When is it necessary to break down a sentence info its minimal
meaning units? The answer is simple enough: only when you need
to exploit the ‘'meaning’ itsalf. It is not necessary for word associa-
tion tasks, tor microworlds whare there is little or no ambiguity or
ovarlap in meaning, or for simple retrieval tasks where the meaning
of the elements deall with is not neaded.

If you need to know the meaning of whal you are dealing with, then
it is necessary to look al the elements that make up thal meaning.
The only argum'unl 1o this can be an argumant based upon when
you break down a sentence, not if you break down a sentence.

The ‘when’ question seems clear enough to us, although others dif-
ler with our position. Since memory ideally stores information in
only one way, any patlern malching that needs lo be done against
information stored in memaory requires a canonical form for the in-
formation. That is, information in memory must be stored in some-
thing like the primitive terms of Conceptual Dependency, and like-
wise the inference processes that are part of memory must be in
those terms.

Should the breakdown inlo primitives occur after parsing (‘when
necessary’), or during parsing (assuming it is always necessary)? A
good parser should exploit the meaning of a sentence. In under-
standing it seems doubtful that people first do a syntactic analysis
withou! recourse to meaning and than look at the meaning. People
understand as they go. Our parser (Riesbeck, 1975) has bean guite

Surpuejsaapuy) pue ‘speop) ‘sueld ‘s}dudg 9'g

LET




successful using prediclions that it generates based upon the kinds
ol meanings that it expects. Since ilishard 1o find a case when such
breakdown is not necessary (in a real and complex syslem), we see
littte choice but to "break down the words' every lime.

One exceplion (o this has occurrad as a result of this book. In Chap-
ters 4-7, various Knowledge Structures are infroduced as an ad-
junct 1o Conceptual Dependency. We are beginning to find that it is
sometimes better to parse directly inlo our Knowledge Structure re-
prasanlation rather than going by way of Conceptual Dependency.
Thus, for example, the word "want’, which seemed primilive anough
but was not so trealed in Conceplual Dependency, is primilive in
Knowledge Struclures. It is reasonable with such words to go di-
reclly to where we wan! 1o be, thus bypassing Conceplual Depen-
dency. This is, in fact, a complaint somelimes made aboul our work,
namely thal at the highes!t memory levels it will be necessary to re-
organize information at places other than the primitive actions and
thus we will have to ‘unbreak down' again. The Knowledge Struc-
ture representation that we develop should answer this complaint

1.5 Memory

Before we gel into the subslance ol this book, it 15 worthwhile o in-
troduce one more issue, namely memory. For a long time, the prob-
lems of nalural language processing seemed to be separate from
the problems of memory. Recently, Quillian {1968), Anderson and
Bower (1973), Rieger {1975), Norman and Rumelhart (1975), and
others have made it quitle clear that memaory and language are inax-
tricably bound together, However, while the importance of dealing
with memary has been generally agreed upon, the form that mem-
ory takes is still at issue. This book is, in a sense, entirely about
memaory, We are arguing here for certain theoretical enlities that
must form the basis of human memaory organization.

The form of memaory organization upon which our arguments are
based is the notion of episodic memary. An episodic view of mam-
ony clgims that memory is organized around parsonal experiences
or episodas rather than around absiract semantic categories, I

memary is organized around parsonal experiences then one of the
principal componen!s of memary must be a procedure lor recogniz-
ing repealed or similar sequences. When a standard repealed se-
quence is recognized, it is helpful in *filling in the blanks’ in under-
standing. Furthermore much of the language generation behavior
of people can be explained in this stereotyped way.

Other proposals for memory organization have stressed the more
scholastic notion of semantic memaory. Briefly, semantic memaory is
a memory for words that is organized in a hierarchical fashion using
class membership as the basic link, For example, ‘canary’ is linked
to 'bird’ and "bird" 1o "animal’ in a hierarchical tree,

We can see al once that such an organization will not wark for
varbs, nor for nouns thal are abstract nor for nouns thal do not sub-
mit easily 1o standard categories (such as 'leletype’). Even if other
semantic links besides class membership are used, such an argani-
zation implies thal proposilions are stored by linking them 1o the
words with which they are.expressed. This is not possible in the
conceptual, non-word-oriented system that we have described. We
could overcome this dilficully by organizing concepls in networks
but the complexity of the possible combination of elemental con-
cepls makes this extremely cumbersome, There are other difficul-
lies as well.

An episodic memaory, on the other hand, is organized around propo-
sitions linked together by their occurrence in the same evenl or
time span. Objecls are most commonly delined by their place in a
sequence of propositions describing the evenls associated with an
object for an individual. A trip is stored in memaory as a sequence of
the conceptualizations describing what happened on the trip. Some
of the conceptualizations will be marked as salient and some will
have been forgotten allogether.

Nominal concepts (concrete nouns) fit in this view with a two-par!
definition. The first and primary part is a functional definition that
attempts 1o generalize the salient evenls over particular episodes
in which the noun has occurred. The complete functional delinition
of a given noun |ists all distinguishable occurrences of thal noun
present in memory, The second par is a physical description of one
particular member of the class that is baing delined.

For a "spoon,’ lor example, the definition in memory lists tha gen-
aral usage for a spoon lirst (8.g., a thing that you PTRANS into mushy
or liquid objects in ordar to PTRANS thal object 1o your mouth 50 as
to INGEST it). All interesting specific instances would also be stored
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{including, for example, ‘The time | was camping and washed my
spoon in the sand.’). Las!, we would have a physical description of a
particular spoon (most likely the kind that you have at home). The
over-all organization of memory 15 a sequence of episodes organ-
ized roughly along the time line of one’s lile. If we ask a man, 'Who
was your girlfriend in 19687 and ask him to report his strategy for
the answer, his reply is roughly: ‘First | thought about where | was
and what | was doing in 1968. Then | remembered who | used to go
out with then.' In other words, it really isn't possible to answer such
a question by a direct look-up. Lists of ‘past girlfriends’ do not exist
in memaory, Such a list must be constructed. The process by which
that list is constructed is a search through episodes organized
around times and locations in memary.

Of course il we ask someone not about past girlfriends but about
past history leamed from books, say, “Who ruled England in 16687,
then the memory search mechanism might not turn out 10 be api-
sodic. The respondent might conceivably remember when he
learned this tact, but it is more likely that such scholastic memaories
could gat divorced from their episodic origins and become argan-
ized more ‘semantically’, as in Colling' (1976) model of book knowl-
edge. The whole question of episodic vs. semantic memaory is con-
troversial {cl, Loftus and Loftus, 1976}, and our clear preference for
the episodic mode is partly a function of the non-scholastic charac-
ter of the knowledge we are interested in.

Some episodes are reminiscent of others, As an economy Measure
in the storage of episodes, when enough of them are alike they are
remembered in terms of a standardized generalized episode which
we will call a script. Thus, rather than list the details of what hap-
pened in a restaurant for each visit 1o a restaurani, memory simply
lists a pointer (link) 1o what we call the restaurant script and stores
the items in this particular episode thal were significantly different
from the standard script as the only items specifically in the de-
scription of that episode. This economy of storage has a side effact
of poor memory for detail. Bul such a side effect, we shall argus, is
the price of having people able to remember anything at all. Script-
based memory is what will enable computers to understand withoul
having their memories filled up so much that search time is horren-
dously lang.

1.6 The Methodology of Al

Although the work we describe in this book is intended to lead
lawards the evenlual computer understanding of natural language,
it is not necessary to have much familiarity with computers in order
to understand what we are saying. This fact is, or oughl 1o be, true
of nearly all clearly written work in artificial inlelligence (Al). The
compuler is used in Al research as an omnipotent, but very dull and
plodding, god. Under this view, il somelimes seems unnecessary to
actually write the program that embodies the theory. One only need
show the process in convincing enough defail. This is what one
imagines. However, the reality is somewhat different — researchers
actually do write programs,

Whenever an Al researchar feels he understands the process he is
theorizing about in encugh detail, he then begins o program it to find
oul where he was incomplele or wrong. It is the rare researcher who
can delail a theory, program it, and have the program work right
away. The time batween the completion of the theary and the com-
pletion of the program that embodies the theory is usually ex-
tremely long. In modelling such complex processes as comprehen-
sion ol language, there are more things 1o keep track of than a hu-
man Irying to be conscious of each variable can manage. Undear-
standing at such a level of complexity is a relatively subconscious
process in everyday life.

What Al has to contribule o psychology is exaclly this experience
wilth modelling processes. An Al researcher asks what the input 15
and what the output is for every subprocess he deals with. In asking
these guestions he recognizes, at the very leasl, the nature and
number of the subprocesses that must make up the entire process
he wishes lo model,

An analogy can be seen in asking directions from one place to an-
other. If, while in New York, one asks how to get to Coney Island,
and is lold to take the "N’ train 1o the last stop, these directions will
be adequate only if this improperly specified algorithm can be lilled
oul with a great deal of knowledge aboul how to walk, pay for sub-

ways, get in the train and so on. We call this information a “script’

{detailed in Chapter 3). The point here is that a computer that does
not have any prior information would make no sense of this re-
sponse, It mus! be given information about; parsing sentences, find-
ing meanings, filling in substeps in a plan, recognizing rains, pay-
ing for subways, walking, and so on, An Al resaarcher is forced 1o
specily each and avary detail in a theory that accounts for the abil-
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ity to understand such a simple response to a question. We cannot
be satisfied by an answer such as 'well, you use your knowledge
about subways.’ To put it on a computer we must know what form
that knowledge takes. How are subways represented in memory?
What pieces are where? How are they accessed? When and why
are they accessed? What happens before they are accessed? Whal
happens afterwards?

It is the asking and answering of such guestions, and then the test-
ing of those answers on a computer, that constitutes Al research.
We use those methods in this book and thus cur arguments losa
some of the traditional psychological flavor of theories, That is, we
are not oriented toward finding out which pieces of our theory are
quantifiable and testable in isolation. We feel that such gquestions
can wait. First we need to know il we have a viable theory. Viable
here means: Will it work on a computer? Can we properly specify
each subpart?

Qur attitude may be somewhat unsettiing o psychologists accus-
lamed fo piecemeal experimental testing of theorelical proposi-
lions, To them we urge the same patience in judging our work that
they use in foleraling the very slow accumulation of knowledge in
the experimental tradition. The Al style of research is much more
disciplined than it may look. Although running computer programs
provides the ultimate test, there are also strong criteria of intuitive
necessily and internal consistency in theory formulation. Through-
out this book we will often appeal to examplas where the human un-
derstander readily makes inferences not explicitly available in the
lext of the example, or perceives something as odd or ridiculous.
We persistently ask: what does an understander have (o know in or-
der to fill in missing inferences or perceive oddities? Addressing
this question leads us to an inductive, rather than experimental,
style of psychology, and we feel that this is the more appropriate
slyle for this stage of development in our problem area.

2 Causal Chains

2.1 Understanding Text

Early work in natural language understanding (e.g.. Woods, 1970,
Winograd, 1972, Schank, 1972) was concerned almost exclusively
with individual sentences. Recently there has been a shift of atten-
tion towards whole texis (e.g.. Wilks 1973, Aumelhart 1875, Schank
1975). On the surface this shift seems simple enough. If one can un-
derstand individual sentences, then to understand a text, all one
need do is treat it as a set of individual sentences and apply the
same methods. Our work would be much simplified if this wera the
case, bul sadly itis not. The meaning of a tex! is more than the sum
of the meanings of the individual sentences thal comprise it.

People, in speaking and writing. consistently leave out information
that they feel can easily be inferred by the listener or reader. They
try lo be concise and therein begins the root of th
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In wonderning how we might go about representing the meaning of a
text we came up against the problem of what connections exisled
implicitly in a text. One of the things that people seem to leave oul
when they talk are the connectors of the text. Far example consider
paragraphs (1) and (2):

1 John came over yesterday. Boy, was he mad.

2 John came over yesterday. When Mary saw John she almost died
laughing. Boy, was he mad.

In {1) we are expecied to figure oul thal the relationship belween
the first sentence and the second is that the second was in some
way related to the reason far the first. in (2}, the second senlence
has two parts in it. The second part is implicitly stated 1o be the re-
sult of the first. Similarly, the third sentence is implicitly the result of
the second part of the second senfence.

The connectivity here is provided by causality relationships of vari-
ous types. If the nature of the connectivity of lext is causal, then
whal we need are rules for determining causal relationships be-
tween evenls,

One of the first problems in this search is determining just when
causality is present Although the use of causal words tends-lo
point oul that some causality relationship is prasent, otten the stated
causality is misleading. For example, consider sentence (3):

3 John cried because Mary said she loved Bill.

Sentence (3) i3 a meaningful, well constructed English sentence.
Yel, it is literally quite silly. Cerlainly John didn’t cry because of
the event of Mary speaking. Whal ‘speaking’ does cause i5 "think-
ing’, which can cause 'sadness’ which can be a reason for "erying’,
Since people don't really misunderstand sentences such as (3),
there is Little reason for speakers to worry about theirimprecision.
However, in designing a theory of understanding, there is a greal
deal to worry about. Sometimes when people say 'event X caused
even! Y they mean it and somelimes they do not In order to un-
derstand we must be able to fill in the gaps left implicit by a
speaker. When we hear someone say 'X caused Y', and we know
that ¥ could not have caused Y, we react accordingly, We check to
make sure the causalities we hear are correcl, To model under-

standing it is necessary 10 find out precisely whal the rules are for
this.

The same prablem exists with respect 1o sentences that claim a
given event caused a given state, For example, compare the faliow-
ing two sentences:

4 Joe bumed his hand because he touched the stove,
5 Joe burned his hand because he forgot the stove was on.

People have no trouble recognizing that (4) means what it says cau-
sally and (5) does nol. ‘Forgelting’ does not cause "burning’. Read-
ers of sentences such as (5) understand that they are called upon to
supply the ‘real’ causality themselves by making an inference. We
might expect that they would infer (4) upon reading (5).

Mow, a simple theory would claim that this problem is simply re-
solved. Senlence (5) has a menial evenl causing a physical state
and since mental evenlts do not ordinarily cause physical states, we
must inter an intermediate action that will fix it up. This is correct as
tar as it goes but there are other lypes of cases. Consider the lol-
lowing sentences:

& John's leg was broken because Mary tripped him.

T John leg was broken because Mary knocked over a pile of bricks.

In sentence (8) we are happy with the causalily because we know
that ‘tripping someone’ can cause a broken leg. Howaver in (7)
there is no such direct connection. Here again, we must infer tha
real causative event. The "knocking over must have propelled the
bricks into contact with John's leg. That contact caused the broken
leg. As with all inferences, this causality may be incorrect. Whal is
important is that understanders can create such connections when
the need arises. The rules that wark for this example will be given in
the next section.

Thus, statements of causality cannot be taken at face value. If we
hear that X caused Y, we must ask if X could cause Y directly and i

it cannot we must figure out the intermediate events. This is the
principle of causal chaining.

2.2 Causal Types

A very simple causal syntax exists in natural thought, a syntax that
can be violaled in natural language expression, In the reconstruc-
tion of the thought that underlies the utterance, the causal syniax
must be rigidly obeyed. To do this, a fairly complex causal seman-
tics, or world knowledge store, must be exploited.
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In the physical world, the causal synlax is as follows:

CS1 Actions can resull in stale changes.

C52 States can enable aclions.

In Conceptual Dependency. C51 15 denoled:

ACT
-
STATE

and C52 15 represented:
STATE

=E

ACT

The meat of these rules is in their real world application. That 15, not
any action can resull in any state, and nol any state can enable any
action. Thus, for every primitive aclion there is associaled with it
the set of states that it can affect as well as the set of states that are
necessary in order 1o effect it. Since there are only eleven primitive
actions this delimitation of world knowledge is easily accom-
plished,

To see how it all works we return again 1o sentence (7). In sentence
{7) there iz one action given —Mary PROPEL Mary; and one state
change given —leg{John) BE PHYS.ST(-). For PROPEL, we have a |ist
of the slales that can result from PROPEL as well as the set of condi-
tions under which those states can occur. The applicable rules here
arg;

A PROPEL can resull in PHYSICAL CONTACT between the object of
the PROPEL and any objects in the location specified in the Direc-
tive case.

B PROPEL resulls in PHYS. 8T (-) if one of the objects in the PROPEL

is human, if it resulis in PHYSICAL CONTACT (PHYSCONT) and il
the force of the PROPEL is great.

In application, these rules when applied 1o Mary PROPEL Mary 1o
bricks yield that Mary is in PHYSCONT with bricks. That is, accord-
ing to the causal rules, Mary could be damaged but not John's leg.
It is therafore necessary 10 hypothesize an action that would have
resulted in a PHYS. 8T_(-) for John's leg, Using the above rules back-
wards, we get the hypothetical event:

Eom&!hlng1 PROPEL s:l:nrrllle'll'ln‘u;2 to leg(John)

This hypothetical event must be derived from some real event as a
possible inference in ordar to make sense of the slalad causation.
This can be done if it i5 known that:

If a moveable object is putl in PHYS. CONT with the object of a
PROPEL then il can becoma the cbject of the new PROPEL, where
the actor of the new PROPEL is the same as object of the ariginal
PROPEL.

We can then hypothesize as an infarance:

Mary PROPEL bricks te leg(John)

Using the original rules for PROPEL given above, this hypothetical
event is causally correct in the sense that the known event could
causa it, and the known state could resull from it

The causal chaining inference rules given here are an exiremely
important part of the understanding process. People, and there-
fore computers, must have rules like those given above, or they
would not be able to understand,

One problem in building causal chaining mechanisms is recogniz-
ing when causality considerations occur. Causality nesd nol be
expressed directly in English. There exists a class of verbs in En-
glish for example, that have implicil causal connections. Thus in
the analysis of senlence (8):

8 John prevented Mary from leaving the room by hitting her,

there is an implicit causality, ‘Prevent’ means, ‘to do something that
causes something else not to happen'. According to our causal syn-
tax, the action done resulted in a state that disabled an intended ac-
tion.
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So, one thing we have here is a modification of rule C52 above
which we call rule C53:

53 States can disable actions.

C53 is representad as:
STATE

=dE
ACTION

The causally correct analysis here then 1s:
PROPEL(hitting) resulls in
STATE disable PTRANS(leaving the room)

CS5 is represented as:
MENT.5T

=R
ACTION

This kind of analysis is important because il makes possible tha
inference of what is really going on. If we ask the question that de-
rives from the above chain, we gel: whal STATE resulting from a
PROPEL can disable a PTRANS? Many possibilities exist here, for
example, UNCONSCIOUSNESS

Another possibility here i5 thal the STATE resulied in a MENTAL
STATE which caused the intended PTRANS 1o no longer be in-
tended. For example. we can imagine Mary being Inghtened and
deciding not 1o leave the room due 1o the possibility of being fur-
ther harmed. We thus have a fourth rule:

C54 Stales (or acts) can iniliate mental slates.

CS54 is represenied as:
STATE (or ACT)

MENT.ST

A filth rule occurs here too. In the example above, fear was a
reason for a decision, The general rule 15

CS55 Mental slates can be reasons for achons.

Using these causal rules it is possible to do three things: First, we
can decide what is and is nof a causal chain. When we encounier a

‘because’ type word, we can try to connect together causally the

two clauses. If we cannot make the connection because of a causal
syniax violation, we postulate some set of unknown stales and ac-
lions that would correctly complete the chain. These emply con-
ceplualization holders become the primary candidates for infer-
ences.

Second, we can now analyze correctly the conceplual representa-
tion of words such as 'prevent’, "help’, "allow’, such that their dic-
tionary definition contains implicit causal chains that demand infer-
ences 1o be made.

Third, and perhaps most impartant, we now have a way of repre-
senting connecled tex!. We shall now explain,

When we think about what makes connected texl connecled, the
answer doas nol seem abvious, Howeavar, if we reversea the question
and ask if thera is evidence of causal connections in text, the an-
swer seems 10 be that such evidence is everywheare.

Considear the following story:

9 John was thirsty. He opened a can of beer and want into Ihe den,
There he saw a new chair. He sal down in il Suddenly the chair
tilted over and John fell on the floor. His bear spillad all over the
chair. When his wile heard the noise she ran into the den. She was
vary angry that har new chair had been ruined.

Below is a representation of all the evenls in the above story con-
necled together with the causalities that are implicit in the story.
The result is a giant causal chain, that serves 1o relate logether the
events and stale changes. It is this connectability thal makes the
story coherant. If we could not construct a causal chain we could
probably not understand the slory. (We use Ihe following notational
devices below: IR denotes an initiale followed by a reason whera
the intermediale mental action has been left out. Similarly rE da-
notes a resull followed by an enable with the intermediate state left
oul. DO indicales an unknown action.)
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John THIRSTY
=R
John DO John PTRANS John to den
-r -
Beer OPEN John LOC (in room)
=«E =»E =E
INGEST John MTRANS (chair be)
=R
John PTRANS John te chair
=rE
John MOVE John o (in chair)
-r

Chair STATE CHANGE
#E aE ar

I
gravity PROPEL John te lloor

-
John LOC{on Noor)

noise
=E

wife MTRANS noise to CP{wile)
=R

wile PTRANS wile o den
-rE

__]I

gravily PROPEL beer to{on chair)
-l
chair WET

wife MTRANS ‘chair WET" to CP(wila)
-R

wile ANGRY

The above representation says, essentially this: John's thirst
caused him 1o decide to DO an aclion thal would result in a beer
being opened which would enable him to drink it. What we have is:
the THIRET initialed an MBUILD (left out) to open the beer which was
the REASON that he did the action (whatever it was) that resulled in
the beer baing open. The beer being open enabled another action
{spilling) that happened much later in the sequence ol events,
(Stales enable evenls bul the events that are enabled can occur any

lime after the state is initially present just as long as the slate con-
tinues o be present.)

Thus, connecting up the actual ‘state enables aclion” and ‘aclion re-
sults in state’ causalities is whal makes sense of a text. A lext is dis-
connecled if a causal chain cannot be construcled (o represent it,

Furthermore a theory of importance in lext can be derived by
causal chaining. Events or states that have multiple conneclions
are likely to be highly signilicant with respect to the lex!t States or
events thal lead nowhere are |ikely lo be lorgotten,

The basic philosophy hare then is this: Once the actual events that
took place are delermined, understanding is possible. The problem
in undarstanding is how to make explicil that which has been left
implicit. Conceptual Dependency was daesigned lo handle that
problem al the single thought (or sentence) level Causal chains
handle that problem at the level ol interconnected thought (or
taxts),

2.3 Representation of Causation

Wa use tha following causal links in our represantations:

«r means an ACT resulls in a STATE,

«E means a STATE enables an ACT.

=l means a STATE or ACT initiates a mental STATE.

=R means a mental ACT is the reason for a physical ACT.
=dE means a STATE disables an ACT.

m——‘____

¥0g

uonjejuasarday




We use iwo standard abbreviations. These are

«rE an ACT resulls in a STATE which enables an ACT.
«lR an ACT or STATE initiates a thought which is the reason
for an ACT.

These abbreviations serve 1o leave ilems implicil when they are ol
no particular inlerest al a given time.

While these abbravialions help us focus on the items thal interest
us without dallying on irrelevan! details they can also lead lo prob-
lems. When we hear

3 John cried because Mary said she loved Bill.

we have an IR, It is important first 1o be able to racognize that John
did an MBUILD of somathing sad and this is why he cried. However,
it we make no attempt at all to ligura out whal John wa+ sad about,
i.e., what his actual lrain of thought was, we will miss the very im-
portant (though possibly wrong) inference that John loved Mary.
This problem becomes more acute the less transparent the reason-
ing of an individual is.

There is another problem with causal chains in that people offen
speak of negaltive events causing things and in a strictly physical
world this is rather odd,

That is, the causal chains that we have been presenting here are
useful for figuring oul chains of causality that are based on physical
reality. Thus senlence (10) is easily handled with causal chains:

10 John gave Bill an arange for his cold.

John ATRANS crange to Bill
=rE

Bill INGEST orange o INSIDE(Bill)
-r

Bill HEALTH(POS change)

Bul, when the world is full of intentions that get only partially real-
ized, or plans that go astray, causal chains do not work so simply. A

higher level of representation is needed to account for sentences
such as (11) and (12):

11 Mary liked John butl not enough to agree 1o go to the molel.
12 John can't go because he hurt his arm.

Qur simple causal world needs more information and apparatus 1o
handle these. After Chapters 3, 4, and 5 present such apparatus, we
will discuss soma modifications to how we deal with causal chains.

What we have developed so far is uselul nonetheless. It allows us to
deal with physical evenls. Since we can now infar avenis thal ara
missing explicilly from a causal chain, the next inleresting question
is when thal is nol possible lo do. That is, even in the physical warld
of events and states, people still manage lo skip enough intermedi-
ale sleps in a chain so as to exasperate a naive chain builder. For
example, there is nothing wrong with the sequance:

13 John orderad a new suil, He paid the bill with his credil card.

However, a causal chain builder would not be able 1o discern any
obvious connection between the MTRANS of order and the ATRANS
of the suit and the ATRANS of the money.

While there is. in fact, a causal chain there, il cannot be derived
simply by using the principles of causal chain construction. To
build the chain, whal we need is knowledge of the social world
rather than the physical world we have been discussing. This will be
discussed in the next chapter,

Here, as a resull of the semantics of causalion, we are lorced to
postulate an INGEST action thal is rather imporiant to understand-
ing the sanlance,

2.4 Causal Propensity

We have concenlrated thus far on situations with incomplelely
specified causality, that could be filled in more or less straightlor-
wardly with a single most plausible sequence of conceplualiza-
lions. Psychologists have long been interested in tha subjectively
very compelling nature of cerain causal sequences, for example,
thase arising /rom PROPEL aclions (Heider, 1944; Micholte, 1963). A .
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more complicated case of especial interest 10 psychologisis, anses
when two distinct causal chains compete as explanations for the
outcome of an ambiguous situation.

One type of illustration of such causal ambiguily arises from con-
troversial events in political conflict situations. What causes British
troops to arrest Irish Republican Army leaders? The LR.A, saysitis
a consequence of a British policy of oppression, and the British say
it is a consequence of the LRLA. practicing violence Whal causes
South African blacks to rio!? The blacks say it is the humiliations of
apartheid, and the South African government says il is Communist
agitators, In politics, it is very frequent 1o see a hated group as the
causal agent initialing actions which resull in bad consequences.
Causation is invested in actors perceived o have malevolent inten-
tions. Explanations involving mulliple causation are avoided.

Going beyond politics, actors are seen in general as having a cer-
lain degree of causal propensity in their appropriate sphere of ac-
tion. In cases of causal ambiguily, aclors who are credited with high
causal propensity may tend 1o take the blame (as does the malevo-
lent eremy), or get the credil (as, say, the protessor does for a pa-
per written jointly with a graduate sludent). Concepts of causal pro-
pensity come from whalever knowledge i5 available about the atli-
tudes and capabilities of actors, and this knowledge can be mani-
pulated by shadings in the verbal descnpltions of aclors — as every
propagandist well knows, or in how closely available knowledge 15
scanned for clues as to whal might have caused a later event. The
first point is well illustrated in a subtle study by Bar-Hillel {1975),
described in a paper by Tversky and Kahneman (1976} on causal
thinking. In the study, the responsibility for a taxicab acciden! was
seen differently depending an the wording of a statistical generali-
zation about the cab company,

Tversky and Kahneman ware interested in concepis of probability
which do not concern us here, but we can paraphrase the Bar-Hillel
study appropriately. Subjects were shown a paragraph describing

an accident as below. (The key sentence is underfined here for em-
phasis).

14 Two cab companies, the Green and the Blue, operate in a city.
The vast majority of cabs in the city are Green cabs. One night, a
cab was involved in a hit-and-run accident A wilness identified

the cab as a Blue cab. The court 1ested his ability to idenlily cabs

under the appropriate visibility conditions. The wilness was cor-
rect in most of the cases.

Subjects given this slory were asked whether a Green cab or Blue
cab was more likely to have caused the accident Overwhelmingly,
subjects choose the Blue cab as more likely. Now consider a variant
of the story, which has exactly the same objective likelihood struc-
ture as (14), but a ditferent wording of the second sentence;

15 Two cab companies, the Green and the Blue, operate in a cily.
The vast majority of cab accidents in the city invalve Green cabs.
One night, a cab was involved in a hit-and-run accident. A wilness
idantified the cab as a Blue cab. The court tested his ability 1o
idantify cabs under the appropriate visibility conditions. The wit-
ness was correcl in most of the cases.

Subjects shown story (15) and asked whether a Blue cabor a Green
cab was more likely 1o have caused the accident, in this casa wera
not s sure, and many chose Green as mora likely.

Twarsky and Kahneman (1976} explain the objectively unjustitied
difference in judgements in the two cases as follows: In (14), ‘the
difference in mere frequencies of Green and Blue cabs cannot be
psychologically ralated to the propensity of any particular cab (o be
invalved in an accident, and it is therafore ignoared’. In (15), ‘the dil-
lerence in frequency of accident is inlerpreted as a difference in
accident-proneness and it is therefore ulilized', In other words, the
greater frequency of Green cab accidents suggests thal Green
cabs are dangerous andfor their drivars reckless, and these causal
propensities are available to altach themselves 1o any individual
ambiguous case,

llustrations of a related point aboul causal propensily is a study by
Ross el al. (1976). Subjects were induced 1o first ‘explain’ particular
evanis (such as suicide) in the later lives of clinical patients whose
case histories they had read; then they were lold that the fater
events were nol really known to have happened, but were arbitrarily
altached to the cases to create the experimental lask. Subjects
wera then asked, nevartheless, o judge the likelihood that the par-
ticular events might really happen (e.g., thal the person would
really commit suicide). The task of identitying known antecedents
to explain a particular event considerably increased average esfi-
mates of the event's likelihood, compared to estimates made by
people who read the sama case history but did not engage in any

‘explaining’ task, Presumably the explaining task leads subjects to

construct reason causalions [(Section 2.2, rule CS5) flowing from
very powerlul early mental slates, i.e., strong causal propensities,
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These examples are rather special, but the concept of causal pro-
pensily is important, and we shall have more to say about it in Chap-
ter 6. The psychological misuse of causal thinking raises an impar-
tant general issue for artificial intelligence. In the first study above
(like others of similar character) people were misled into treating
two statistically eguivalent situations differently because of the ac-
tive wording of (15} which suggesis that drivers of Green cabs are
generally more reckless or less competenl, versus the passive
wording of (14} which simply sugges!s that Green cabs are genear-
ally more numerous, In the second study, clinical matenal scanned
under a false assumplion about a future event leads to unwarrantied
exaggeration of particular causal linkages A compuler under-
standing system might conceivably be designed not to be misled by
such nuances, but this would be al the probable expense of consid-
erable computing time and effort.

Howewver, prior experience with similar problems and instructions
to think very carefully could also steer people away from errors. In
other words, the lendency 1o make inferential errors is not some-
thing true of people and false of machines. Rather, arrors occur
whan systems process rapidly and without much depth, and they
can be minimized in systems operaling in 'careful mode’ {cf, Suss-
man, 1974). Bul, carefulness is a luxury which understanding sys-
lems may often not be able 1o afford.

Inferential concepts like causal propensily are ‘quick-and-dirty’

and thus useful heuristics. They help the understander make rapid
sense of causal ambiguities. It is worthwhile, perhaps even manda-
lary, o program such shorl-cuts in any real-lime computer under-
standing system, even at the cost of occasional errors. The short-
cul principle of causal propensity says that in cases of causal ambi-
guity, pick the causal chain ariginating from the generally mos|
causally active actor, Principles such as this enable people to read
and understand quickly.

3 Scripts

3.1 Introduction

How do people organize all the knowledge they must have in order
to understand? How do people know what behavior IS appropriate
for a panicular silvation? To put it more concrelely, how do you
know that, in a restaurant, the waitress will get you the food you ask
for whereas if you ask her for a pair of shoes, or you ask her for food
on a bus she will react as if you had done something odd?

People know how lo act appropriately because they have knowl-
edge aboul the world they live in. What is the natura and form of that
knowledge? How 15 it organized? When is il brought 1o bear? How
i5 il accessed? What portions of that knowledge are thought about
and used, and undar whal circumslances?

Surpuejsiepuy) pus ‘s[gop) ‘sueld ‘s1duag 9°g

L0E




We recognize two classes of knowledge that people bring 1o bear
during the understanding process: general knowledge and specific
knowledge. General knowledge enables a person to understand
and interpret another person’s actions simply because the other
person is a human being with certain standard needs who livesin a
warld which has certain standard methads of getting those needs
fulfilled. Thus, if someone asks you lor a glass of waler, you nead
not ask why he wants it. Even it he later uses it for a nonstandard but
clear purpose - say he throws it in somebody’s face and steals thal
person's walch - you have no trouble interpreting his actions. 11 is
easy 1o understand whal his plan was, and why he needed the
water. We may never have observed such a sequence before, but
our general knowledge about people and the world they live in al-
lows us to inlerpret the events we See.

We use specific knowledge to interpret and participate in events we
have been lhrough many times. Specific detailed knowledge aboul
a situation allows us 1o do less processing and wondering aboul
trequently experienced evenls. We need nol ask why somebody
wants 1o see our licket when we anler a theater, or why one should
be quiel, or how lang il Is appropriate 1o sit in one's seal, Knowl-
edge of specific situalions such as theaters allows us to interpret
the remarks thal people make about theaters. Consider how diffi-
cult it would be to interpret ‘Second aisle on your right’ without the
detailed knowledge about theaters that the patron and the usher
bath have. It would be rather odd lo respond "What about the sec-
ond aisle on my right?' or 'Where is my seal?" or '|s this how | get
into the theater? The usher simply takes the licket and, assuming
you understand and have specific knowledge about theatres, utters
his otherwise cryplic remark without any verbal input from you.

The remainder of this chapter deals with the nature and form of
such specilic knowledge. We shall discuss issues related to general
knowledge in Chapler 4,

With stories as well as with isglated utterances, human readers
seam (o have no trouble in rapidly extracting the features of the sil-

uation intended for emphasis by the writer. Consider, for example,
the santenca:

1 Whila giving his ordar to the waiter at Mamma Leona’'s ong eve-
ning, Spillane was approached by the owner, a notorious Malia fig-
ure.

The ‘while’-clause funclions to set the Leona’s rastaurant context

witlh its huge store of generalized and specific world knowladge.
Nevartheless, the reader does nol slow down to wark out who ‘the

wailer is or how Spillane came 1o be talking to him, bul quickly
notes that Spillane is probably at a table, in the act of ardaring, ina
wall-known Italian reslaurant.

Such specific knowledge exists in detail far every mantally compe-
tent person in the world with respect to every standard situation
that he has been in many times. What form does such knowledge
take?

Wa astablished in Chapter 2 that the diracted inference process re-
sults in a connected causal chain of events. This causal chain is
usaful for representing any sequantial flow of evenls, Since caertain
seguences of events frequently occur in a specific order wa musl
postulate that people have developed special mechanisms 1o deal
with them. That is, thare are certain groupings of causal chains that
exist in the form of large conceptual units.

We would anticipate that two special mechanisms are needed.
First, we must be able to reter to a frequent even! sequance in a
sketchy manner. An event sequence with ten steps in it may be
identifiable from jusl the first and last of those avents. That means
we need a special inference capability that can do more than the
one described in Chaplar 2. Il would be a tedious and, most likaly,
unending process, to Iry to recover every missing event in a causal
chain. So, the first special mechanism must be able to recognize
that a script — a standard event sequence — has been mentioned.

Second, we need a machanism for recovering steps thal have been
left out of a causal chain. Soma of these steps may be needed o un-
derstand a given event sequence. Wa call this machanism a scripl
applier. 11 fills in the causal chain betwean two seemingly unrelated
gvenis by referring to the scripl recognized by the first special
meachanism.

These two understanding mechanisms have thair counterparts in
the generation of language. When somecne decides to tell a story
that references a script, he recognizes thal he nead not (and be-
cause he would ctherwise be considered rather boring, shauld not)
mention every detail of his story. He can safely assume that his lis-
tener is familiar with the referenced script and will undersiand the
slory as long as certain crucial items are mentionad.

Let us look al some simple stories 1o sea how this can be done:

2 John want 1o a restaurant. Ha asked the waitress for cog au vin.
He paid the chack and laft.

3 John got on a bus. He fell aslesep. He woke up in New York.
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4 John was the guarterback. As lime ran down, he threw a 60-yard
pass into the end zone. His team won the game,

& John went 1o Bill's birthday parly. Bill opened his presents. John
ate the cake and laft.

These stories are understandable because they make relerence to
frequently occurring scripts. Much more than the three lines given
in each story is undersiood by someone listening 1o it. A story un-
derstander must fill in the paris of each story that wera laft oul, A
story understander can do this by implicitly or explicitly referring to
the referenced script,

Caonsider slaries (6) and (T):
6 John wenl in 1o a restaurant. He saw a wailress, He went home

7 John was walking on the sireet. He thought of cabbages. He
picked up a shoe horn.

The conneclivity of stories (6) and (7) is altogether ditferent from
that of stories (2)-(5). Stories (2)-(5) make reference to a script.
Slory (6) seems (o reference a script but never quite gets thare, By
this we mean that the point or main goal of the script cannot salely
be infarred. Did John eat or didn’l he? You can’t tell from this story.
Thal is, in story (6) the evenls seem disconnected because of un-
certainly that the relerenced script should actually be instantiated.
Story (7) does not referance a script and in any case it makes little
sanse. Stories need not reference scripls (o make sense. Consider
story (8):
Ba John wanled a newspaper

b He tound one on the sireet.

¢ He read it.

Although (8) does not relerence a scripl it is undersiandable. The
evenis in it can be easily connecled 1o each other with information
readily obtainable from the $lory. In order to connect (a) to (b} it is
necessary only to hypothesize 'John saw and picked up the news-
paper.’ One of these conditions is given by the slory explicitly and
the other is readily inferable. They do not violate necessary condi-
tions or other conditions of tha story itsell (as discussad in Chapter
2). It is possible 1o connect (b) to (c) by the inferences that “hind’ re-
sults in "have', and 'have’ enables ‘read’,

Such simple connectability is presant in (2)-(5) only by virture of
the existence of appropriate scripts. Contrast Story (2) with Story
(9):

2 John wenl to & restauran!, He asked the waitress for coq au vin.

9 John went to a park. He asked the midget for 8 mouse, He picked
up the box and left.

In Stary (9) we are unprepared for the reference to 'the’ midget
rather than 'a’ midget and "the’ box rather than 'a’ box. Further, we
are incapable of connecting the last two lines of the stary, without a
great deal of eflort: Story 9 allows us no relerence 1o a standard sit-
uation in which midgels, mouses, boxes and parks relate. The slory
i1s not undersiandable, simply by virtue of the fact that we have no
world knowledge thal serves to connect its pieces. If thera were a
slandard 'mouse buying.scripl” thal averred thal only midgels in
parks sold mice which were always packed in boxes, then we would
be able 1o apply that script to Story 9 and connect the pieces of the
story. What scripis do, then, is 1o provide conneclivily.

In Slory 2, which is superficially quite similar 1o Story 9, we get a
great deal of connectivity. We are not suprised when "the’ wailress
or ‘the’ check are mentioned. We understand exactly the relation-
ship belween asking lor cog au vin and paying the check, Further,
we assuma that John ale coq au vin, that he waited a while befare
being served, that he looked at a menuw, and so on. All this informa-
tion is brought up by the restaurant scripl. Further, it is brought up
by a particular part or track of the restaurant script, namely the kind
of restaurant in which one orders coq au vin. This 'lancy restaurant
track’ of the restaurant scripl includes within it the possibility of a
mailre d', a wine sleward, lablecloths, paying with credit cards,
fancy desserts and 50 an.

Thus the restaurant script must contain a tremendous amount of in-
formation that encompasses the enormous variability of whatl can

occur in a restaurant. Theare must also ba a ‘fast food restaurant’

frack, a cafeteria track, etc. in the rastaurant script. that includes
the entering, ordering and paying scenes, but has a diffarent set of
possibilities than the fancy restaurant. In the "fast food track’, pay-
ing can occur immedialely afler ordering and befare eating; eating
may occur inside or outside the restaurant; the person who lakes
the order must be approached by the patron rather than going to
where the patron is seated.

The presence of such tracks in the restauran! script is indicated by
the understandability of stories thal make use of those tracks. For
example, consider Story (10):

10 John went into the restaurant. John ordered a Big Mac, He paid
tor it and found a nice park to eal in.
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This stery is understandable precisely because it calls up the track
of the restaurant script that states that you don't have to be inside a
fast food restaurant to eat there, However, if a reader does not un-
derstand that 'Big Mac’ calls up the tast food track, he will have dilfi-
cully understanding the story, That is, the same story, wilh ‘coq au
vin' substituted for 'Big Mac', would seem rather odd. A story with
this substitution would in principle be understandable, but the lack
of applicability of available scripis would make it harder (and take
more time) for a hearer to understand.

Thus while it 15 possible lo understand a slory without using a
sCript, scripls are an important par of story understanding. What
they do is lel you leave out the boring delails when you are talking
or writing, and fill them in when you are listening or reading.

We shall now describe a script in more definite terms. A scripl is a
structure thal describes appropriate sequences of events in a par-
ticular context. A script is made up of slots and requirements about
whal can fill those slots. The siructure is an interconnected whaole,
and what is in one slol affects what can be in another. Scripts han-
die stylized everyday situations. They are not subject to much
change, nor do they provide the apparatus for handling totally novel
situations, Thus, a script is a predetermined, stereotyped sequence
of actions thal defines a well-known situation. Scripts allow for new
references to objects within them just as if these objects had been
previously mentioned; objects within a script may take "the” without
explicit introduction because the script itself has already implicitly
introduced them,

Stories (2)-(5) all make use of scripts. There are scripts for eating
in a restaurant, riding a bus, walching and playing a football gamae,
participating in a birthday party, and so on. These scripls are res-
ponsible for filling in the obvious information that has been left aut
of a story. Of course, it is obvious only to those understanders who
actually know and can use the script. For example, these questions
might be asked of hearers immediately after respective stories (2)-
(5} with Ihe full expectation of an accurale and fast reply.
Q1 What did John eat?

Q2 Where did the bus go?
Q3 What happened to the pass John threw?
04 Where did the presents coma fram?

Every script has associated with it a number of roles, When a script
Is called for use, i.e., instantiated’ by a slory, the aclors in the story

assume the roles within the instantiated script, If no actor has been
specifically mentioned when a particular script is instantiated, his
presence is nonetheless assumed and a defaull unnamed actor is
used in his place. All this happens whenever a script is called up.
This explains the use of the definite article in reference 1o ‘the
waitress', She has been implicitly mentioned before by the initial in-
stantiation of the script. (Roles are discussed at greater length in
Chapterg.)

A script must be written from one particular role's point of view. A
customer sees a restauran! one way, a cook sees it another way.
Scripls from many perspectives are combined to form what might
be considered the 'whole view' of the restaurant, Such a ‘whole
view' is rarely, it ever, needed or called up in actual understanding,
although it might well constitute what we may consider to be one’s
‘concept” of a restaurant.

We have built, at Yale, a computer program called SAM ("Script Ap-
plier Mechanism') that understands simple stones about script-
based siluations. 1115 described in detail in Chapter 8. Much of what
we have 1o say here about script application has been influenced by
our experience with that program. It has been tested most exten-
sively with stories aboul restaurants. Let us consider the restaurant
scripl in detail,

3.2 The Restaurant Script

The following is a sketch of one track of the restaurant script (the
colffee shop track) from the point of view of the customer, Since the
particular verbs that might best describe each acltion may not al-
ways fit in a given story that calls up a script, the aclions of a script
are descrined in terms of the underlying events that take place. The
primitive ACT is the core of each event in the chain of events baing
effected. One of the scenes (ordering) is given below with a good
deal of optional detail, The options to the right provide a single co-
herent path through the scene; shoricuts and loops are indicated
on Lhe left.
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Track Coffee Snhop Roles: S-Cusiomer

Props: Tahbles W-Wailer
Menu C-Cook
F-Faod M-Cashier
Check O-Owner
Money
Eniry condimions: S s hungry. Resulls: 5 has less money
S nas maney. 0 hasmore money

S is not hungry
S5 pleased (oplional)

Scene 1. Enlering

S PTRANS S into restaurani
S ATTEND eyes fo tahles

5 MBUILD where 1o 511

S PTRANS Sto lable

S MOVE S to silling posilion

Scene 2: Ordenng

{menu on lable) (W brngs menu) (S asks for menu)

SPTRANS menuto 5 S MTRANS signal to W
W PTRANS W to table
S MTRANS ‘need menu to W
W PTRANS W te menu

W PTRANS W to table

W ATRANS menuto 5

S MTRANS food list 1o CP(S)
+ S MBUILD choice of F

S MTRANS =zignal to W

W PTRANS W lo tatle

5 MTRANS '| want F to W

WPTRANS Wic C
W MTRANS (ATRANS Fl to C

C MTRANS no F' to W C DO (prepare F scrpl)
W PTRANS Wto 5 to Scene 3

W MTRANS ‘no F toe 5

{go back to *] or

{go to Scena 4 al no pay path)

Scene 3: Ealing

C ATRANS F to W
WATRANS Flo 5
SINGEST F

{Optionally return 1o Scene 2 to order mare;
otherwise go 10 Scene 4)
|

Scene 4: Exiting

S MTRANS to W

/ (W ATRANS check o )
W MOVE [write check)

W PTRANS Wto 5
W ATRANS check 1o S
S ATRANS tip to W
S PTRANS Sto M
S ATRANS money to M
(no pay path) S PTRANS S to out of restaurant

Scene 2 may seem very detailed. In fact we have lelt out consider-
able detail and possiole options in each of the scenes. We have laft
out whole scenes (the 'wail to be sealed by the hostess' scene, for
example). Everybody who has been 1o a restaurant often enough is
aware of many more details and can use them if the occasion
arses

Human listeners have available another kind of information which
we will not systematically treat, namely imagery (mainly visual) as-
sociated wilh each action in the sequence. Often, descriptive visual
information is given in a slory, but even if it is not, the histener hear-
ing about a restaurant will typically call to mind impressions of the
shapes, colors, relative positions and other properties of objects
implicitly or explicitly presaent in the scene: tables, 1ablecloths, how:
the waiter or waitress is dressed, how the food looks (and smells),
the check, the cash register, elc. With each action a 'vignetle’ con-
taining auxiliary information is stored. The nature of the informa-
lion in images has been the subject of much controversy (Fylyshyn,
1973, Kosslyn and Pomerantz, 1877), and we do nol wish to slir up
this hornet’'s nest here.
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The restaurant scripl is a giant causal chain, Although the details
have been left oul, each action in the above scripl results in condi-
tions thal enable the nex! 1o occur. To perform the next act in the
sequence, lhe previous acls must be completed salisfactorily. If
they cannot be completed the hitches must be dealt with, Perhaps a
new aclion nol prescribed in the straightforward version of the
script will be generated in order 10 get things moving again. This
‘prescriptive’ behavior, 1o be discussed later, is an important addi-
tional component of seripls, Script preconditions are another im-
portant part of the causal sequence n scripls In the restaurant
script, for example, we must inquire whether the main actor has
money, |If we have no evidence o the contrary, we proceed nor-
mally. Otherwise, we must find out if the main aclor knows he has
no money, If the answer is negative, we musl predict that an inter-
ference will arise when the main actor tries to pay his bill; otherwise
we must predict that the main acior may try to leave without paying.
Such predictive powers are often used in understanding, Events
with strong future implications are "kept in mind" = like Charmiak's
(1972) "demons’ — so that they can resolve later inferential ambi-
quities.

In a text. new script information 15 interpreted in terms of its place
in one of the paths within the script. Thus in story (2):

2 John went to a réstaurant. He asked the waitress for cog au vin.
He paid Ihe check and lefr,

Tha first sentence describes the first action in scene 1 of the restau-
rant script. Sentence 2 relers 1o the crucial action of scene 2, and
sentence 3 to the last iwo actions of scene 4. The final interpreta-
tion of story (2) would conlain a chain through the restaurant script
that included all the principal actions (or MAINCONS, for main con-
ceplualizations) needed to connect the events,

MAINCONS are datermined by thair importance in a scane. For av-
ery scene thare is at least one MAINCOM. In scene 2 above, the
MAINCON is the customer stating his order (MTRANS ‘| wan! F™ 1o
W), If a scene is "instantiated’ its MAINCOMN must have happened.

Most real stories thal deal with scripls relata avenls thal are un-
usual with respect 10 a standard script. The problem in script appli-
cation then, besides deciding how much of a script to infer, is 1o
know how to tie together evenls that are nol directly in the script.

Consider stary {11):

11 John went lo a restauran!, He ordered a hamburger. It was cold
when the waitress brought it. He |eft her a very small tip.

In story (11) the first two sentences describe actions in scenes 1
and 2. Parl of the third sentence is in the script as an action of scene
3, but thare is also the information that the hamburger is cold. The
fourth sentence ("He left her a very small tip') is a modification of

the 'S ATRANS lip to W' action ol scene 4. The modifier, 'very small’

is presumably related 1o the unexpected information about the

‘cold hamburger'. Even an unknowledgable script applier, check-

ing story (11) against the standard restaurant script, could come up
wilh the low-level hypothesis that the small size of the tip must have
someathing o do with the temperafura of the hamburger, since thesa
twa items of information are the only daviations from the script.

But we do not wanl our processor (o lack knowledge. In slightly
more complex examples, adequale undearstanding requires atten-
tion to the nature of deviations from the script, A smart procassor
can infer from a cold hamburger thal the INGEST in scene 3 will nal
lead to the result of S having pleasura. The concept of a very small
tip can be stored with the restaurani script as a reaction o the vio-
lation of pleasure. Thus the processor might evan infer that a cold
hamburger was unsatisfactory by working backwards from its un-
derstanding of a small tip. This might be necessary if the food de-
scription were ambiguous in desirability, say, a “very rare steak’,
rather than a 'cold hamburgar.

3.3 Script Application

To define when a script should be called into play, scripl headers
are necessary. The headers for the restaurant script are concepts
having to do with hunger, restaurants, and so on in the context of a
plan of action for gatting fed. Obviously contex!s must be restricted
10 avoid calling up the restaurant scripl for sentences that use the
word ‘restavrant’ as a place ('Fuel oil was delivered to the restau-
rant’).

Even il a proper header is encountered, however, it may not be ap-
propriate to call up all the details of a script or even its MAINCONS.
This is because scnpt references in slories are often to “lleating
scripts’.
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12 John took a bus lo New York,
In New York he went 10 2 museum,
Then he took a train home.

In this example, the names of scripls are mentioned and it is pre-
sumed that each script proceeded normally. (Alternatively, it is pos-
sible that some abnormal things happened which were considered
unworthy of narration by the author of the story. This alternative
makes no practical difference excepl! in very special cases.) There
is a serious question about what ‘proceeded normally’ means in
terms of what really is stored in the long-term memory of an under-
standing system,

Here we have the three explicitly stated scripls, BUS, MUSEUM-
GOING, and TRAIN_ (From thispoint, we shall indicate a scriptnamae by
asginfront of the name; thus $8US indicaltes the bus script). It is un-
likely that people would fill in the defaull paths of each of these
scripts if exposed to story (12). What is more likely is that they sim-"
ply remember that the script occurred by establishing a pointer to
the entire script. In this manner, the information about the script is
available if needed, but memaory 15 not clutlered with gratuitous de-
tail, The story can be stored as a sequence of three pointers,

For a script to be non-fleeting. two of its lines must occur, a header
and one olher line, When a header is found, requests (as in Ries-
beck's (1975) parsing system) are called up that connect possible
inpuls with events within the script. If such an input is found, then
the script is ‘instantiated’; thal is, a copy of some of its general de-
tails is made, with slots filled in by the known properties of the slory
at hand, The role references are concrelized. For example, a refer-
ence 1o ‘the bus driver resulls in the creation ol a token with a
pointer to the script role Driver. General information about spacific
roles such as Driver is stored under role themas, (see Chapter 6)
and can be accessed if a role person undertakes some action not
already in the scripl,

The nature of instantiated detail depends upon the story event(s)
found after the header is found, Consider this story:

13 John went to a restaurant.
He ordered chicken,
He left a large tip.

The action of ordering calls in the ordering scene of the restaurant
script. Since the enlering scene lies on the path to ordering, we as-
sume that i1s main conceptualization has taken place. Then the
MAINCONSs between ordering and tipping are assumed, as well as

the final exil. Consequently our understanding system will treat ex-
ample (13) as if it had actually been:
14 John went to a restuarant.
He sat down,
He read a menu.
He ordered chicken.
He ate the chicken,
He left a large tip.
He paid the check.
He left the restaurant,
That is, we fill in, as if we had actually heard them, the events on tha

defaull path of the applied script, as long as we are simply filling in
the steps between explicitly stated points. Thus, in order to get from

‘entering’ 1o 'ordering’, it is safe to assume ‘sitting’ and ‘reading’. In

order to gel from ‘ordering’ to "tipping' it is safe to assume ‘eating’.
Since 'lipping’ is a prelude to 'paying’ and ‘leaving’, we also as-
sume ‘leaving’. We do not want to assume too many steps when we
are told of events thal are far apart in the script. Thus, the story,

‘John wenl! to a restaurant. He left a large tip.', is considered odd.

Do we want 1o assume that he ate? It is highly likely that John did
eal in this story. Nonetheless, we migh! not want 1o simply assume
it,

So, the rules for dealing with instantiated scripts are direclly re-
lated to how many steps are left out. Essentially, instantiated
scripts are those that make explicit one or more specific steps in
the script itsall. It is then our job to fill in the surrounding steps that
ought 1o be explicitly inferred and treat them as if they were said,

The rules for activating a script are dependent on cerlain key con-
cepts or conceptualizations when found in certain contexts. The
restaurant context should not be called up simply because an input
sentence refers 1o “restaurant’, but this is not to say that access lo
the script should be completely suppressed, because script-related
information may be usetul in later stages of understanding. For ax-
ample, in ‘| mel a bus driver in the restaurant’, remembering that
one of the parsons in the story has a role in the bus script may be
crucial for interprating what he might say or do afterwards. (Such
role information is discussed further in Chapter 6.)

The conceptualizations which invoke a script are its headers.
These headers come in four varieties, which are classified on the
basis of how strongly they pradict that the associated context will in
fact be instantiated.
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The first lype is called a Precondition Header (PH) because it trig-
gers the script reference on the basis of a main script precondition
being mentioned in the text. For example, the sentence "John was
hungry' is a PH for the restauran! script because il is the goal
condition far the MAINCON (INGEST food), which is narmally as-
sumed to be true when the script is instantiated. A story understan-
der having access (o both scripts and plans would make the pradic-
tion {a relatively weak one, to be sure) that the restaurant context
would come up because this script is known 10 be a COmMMmon maans
of implementing a plan af action for getling fed. A related PH would
be an actual statement of the goal the scrnipl 1s normally assumad 1o
achieve, or one from which the goal could easily be inferred. In
*Jahn wanted a Big Mac’, or "John wanted soma l1alian food', the in-
farence chain to the scripl pracondition is straightforward. Knowl-
edge about the existence of an Italian food subtrack of the reslau-
rant scripl would make the PH prediction about the probable inve-
cation of that script even more forceful,

A second type of Header making stronger predictions than a PH
aboul the associated contaxt is called an Instrumantal Haader (IH).
An |H commonly comes up in inpuls which refer lo lwo or more con-
texls, of which at least one can be inlerpreted as a 'instrumental’ for
the others, For example, in ‘John took the subway to the restaurant’,
both the subway and restaurant contexis would be predicted, since
subsequenl inputs about aither make perfectly good sense. Hare,
the reference o the restaurant is anticipatory, and the subway is a
recognizad instrumental means of reaching locales in which maore
impartant script goals can be expecled 1o be achieved. In turn, we
undarstand that the restaurant scripl is in some sensa instrumental
to the business context in a sentence like "John went to a business
lunch’. An imporant function of scripls is to provide the back-
ground in which more planful activities are carried out,

The notion of a time-place locale for situations leads to the third
and most strongly predictive type ol header, the Locale Header
{LH}. Many situations are known to have a 'residence’, a place or
building whare they charactaristically go on. Indeed, many organ-
izations have distinclively designed buildings (for example,
McDonald's Golden Arches) which signal their scripl to the public.
When an understander reads that an actor s in the proximity of
such a residence, or betler yel, inside the residence, expectalions
aboul the occurrence ol the script are correspondingly reinforced.
Examples of LH are 'John wenl to the soccer field” or “John went

into the Museum of Modern Art'. It is impartant to note that LH's
need nol be complele santences: cerlain kinds of prepositional
phrases ("Al Leone's, John ordered a hot dog’, "On the bus, John's
pocket was picked') are often used as a shorthand to define lacala,
Sentences like these can usually be paraphrased as a temporal
clausa of the form "When X was at locale ¥' atlached to the main
conceptualization,

The conceplual pattarn that is being looked for hare is X be
LoC(script header). This pattern also occurs in places where we do
not want to invoke a scripl. For example in (15):

15 The delivery man brought fifteen boxes of doughnuls lo the res-
tauranl. He went inside and spoke 1o the manager.

Clearly, the delivery man is in the restaurant here, but we do not
wanl 1o predict that he will now eal (although he might). In (15}, wa
call up the SDELIVERY script first. While the restaurant script can be
a subpart of a larger script (such as §TRIP) it must be marked as not
being capable of being subsumed by SOELIVERY. This marking calls
off the restaurant script inilially, but keeps open expectations for
subsaquent calls to the restaurant script. Thus it we see another
scene aof tha script (e.g., if the delivery man sits down and orders)
wa must be prepared to initiate the full restavrant script. Thus,
scrip! headers can be suppressed by certain contexis.

Tha fourth kind of header is the Internal Conceplualization Header
(ICH). Any conceptualization or role from a script may occur in a
texl. It will sometimes call the script up and sometimes it will not,
The most obvious cases of these alternatives are whan a role name
(such as wailress) is used in the locale of the role or away from the
role (as in ‘| wenl oul with a waitress').

A problem occurs when we have a story such as (16):;

16 John wenl! to visit his friand Mary who was a wailress. While he
was waiting for her, he ordered a hamburger.

The retarence to restaurant here is only by inference. However, that
inference is enough to set up a possible expectation for the activi-
ties of the restaurant script. As we said earlier, two items are really
necessary to be certain a script has been invoked, Hare, the second
item is a conceplualization internal to the script. Its recognition
comes from the mention of waitress, plus the recognition of the
conceptual sense of 'order {i.e., the restaurant sensa). Only wilh
these two key concepls in context can the script be called.
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3.4

17

18

Interferences and Distractions

Suppose that a script has been instantiated, and then a sentence
comes along which does not relate to anything in the script:

John went to a restaurant.

He orderad veal scallopini,

The weather was rather poor.

Thara is no way in which the instantiated script helps the under-
standing of the third sentence. Thal unexpactad senlence refers to
a new topic which migh! be another script or might net. In any case,
the computer or human understander must simply wail 1o see what
comes nexi,

Often a sentence which does not seem to fit anything directly in an
instantiated script can be related lo the script indirectly,

John went to a restavrant.

He sal down and signaled the waitress.
He got mad.

He left.

In the story above, we must be careful not to assume all of the
events on the default path of the restaurant script. The sentence ‘He
sat down and signaled the wailress' leads us o assume the default
entaring scene and the beginning of the ordering scene. But on
seaing ‘He got mad' we must stop processing the scripl in the nar-
mal fashion, Al this paint we must find oul what could have made
John mad-was it something within the scriptal context, or in
some new contexl? The answer is inferred via a simple rule about
anger, namely that it is ordinarily caused by something some other
person either did or did not do. We immediately look al the scripl to
see il some action is called for on the part of another person at this
point in the script. The answer is thal a waitress should come to
John at this poinl. So we can assume that this did not happen, and
that this is why John got mad and lefl. 11 is important to remember
the point in the script where the exit took place. We do not want to
infer the rest of the default path of the script {i.e., that he paid the
check before leaving).

The above inference is a weak one. John may have gotten mad
about something else. Bul tex! is usually presented 5o as to be un-
derstood correctly. That is, people don't intentionally mislead in
steries of this kind. If something non-standard had occurred il prob-
ably would have been mentioned explicitly, In filling out scripls, we
are relatively sale with weak inferences precisely because it is
usual tar non-standard occurrences to be explicitly mentionad.

In order 1o relate an unexpecltad sentence to an instantiated script
we need (0 know what kinds of avents can cause detours or abrupt
endings in scripls. We recognize two broad classes of such events:
interferences and distractions. Interferences are slates or actions
which prevent the normal continuation of a script. There are two
types of interferences: obstacles, where some enabling condition
for an impending action is missing, and errors, where an action is
completed with an unexpecied and inappropriate result,

The actor encountering an obslacle may respond by taking correc-
tive action to try to produce the missing enabling condition. Such
correclive actions we call prescriptions. Alternatively, the actor
may giva up, either immeadiately or after one or more prascriptions
tail, and exit from the scene. The aclor encountering an error is in a
differant situation. The usual correctives are loops — repelitions ol
the action 1o try to get it to comea out right, Often a prescription must
accompany the loop. For example, when the waitress brings you a
hot dog after you order a hamburger, it is unreasonable merely to
order a hamburger again as if nothing had happened. I the error is
1o be fixed, the standard prescription would be to explain 1o the
wailrass {or paerhaps argue with her) that you did not arder the hot
dog. Allernatively, the actor may tolerate an error and proceed
through the scripl anyway. Thus if the waitress brings the wrong or-
der, the customer might either send it back and recrder, or accep!
the substitute or trade with a iriend. Bad errors may of course pre-
sent obstacles, so thatl the nexl action is not even enabled, e.g.,il
the waitress brings an empty casserole, then the option of eating
anyway is removed.

Beyond responding instrumantally o an obstacle or error an actor
may often alsc respond emotionally. He may exprass lrustration,
sadnass, or anger al obstacles. After cartain errors, he may be in-
dignant, atter others, amused. These emotional stales are all reac-
lions to interferences. They may be intense enough on occasion o
abart the initial goal{s) of the script, as when the disgusted cus-
lomer loses his appetite, andfor they may initiate derivative goals
(8.g., punishing the guilty role person, say, by leaving the waitress a
very small lip as in story (11)).

Distractions are unexpected stales or actions which initiate new
goals for the actor, carrying him tlemporarily or permanently out of
the script. By their nature, distractions are not tied to a particular
script — any number of things can distract a customer in a restau-
rant, for example. It is possible for some event to be both an inter-
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ference and a distrachion, such as the wailress dropping the soup,
which fails to complete the ATRANS of soup to the customer, and
which may initiate a new goal of gefling the customer's clothes dry.

The above concepls provide a set of questions which a processor
can ask when it encounters an unexpected input within a script:

a Does it specify or imply the absence of an enablement for an im-
panding script action? (Obstacle)

b Does it specily or imply that a compleled action was done in an
unusual mannear, or lo an object other than the one(s) instantialed
in the script? (Error)

¢ Does it specify an action which can be understood as the correc-
tive resolution of an interference? (Prescription) This question
would be activaled whan an obstaclie is inferred from or
described directly in the text,

d Does it specify or imply the repetition of a previous action? (Loop)
This is activated when an error is inferred from or described di-
ractly in the fexl.

e Does it specily or imply emotional expression by the actor, likely
to have been caused by an interference? (Reaction)

Does it specify or imply that the actor will have a new goal thai
has nothing to do with the original script? (Distraction)

g Does it specily or imply the motivated abandonment of the script
by the main actor? (Abandonment)

—_

If any of the questions a—1 are answered in the affirmativa, then a
detour is established within the script, New expectations will now
guide the processing of subsequent inputs. A detour path will be
lallowed until the original script either is reentared or abandoned.
Scriptal deviations can thus be handled in a well-structured way.

The identification of inputs as obstacles, errors, etc., ollen depends
upon having scripts available as points of refarence. |l we wara nol
in a script, we might not recognize carlain states as inlarlerences,
or if we did, we still might not know with what they were interering,
Compare, for example, the two staries:
19 John wen! to a restaurant,

He sat down.

He discovered he didn't have his magnilying glass.
20 John went for a walk,

Ha turned inlo Main 51,

He discovered he didn’t have his magnifying glass.

Im story (19), it is easy to understand that the magnifying glass
might be important because the menu is expecied to arrive nexl. In
story (20) we have no clear idea about the significance of the mag-
nifying glass. ‘A walk’ does not specily enough of a sequence of
evanls to be a script (unless we know John's personal habits). With
no anticipated next event, we have no information on why the mag-
nifier might be used.

The detour categories a-f tend to occur in cerlain standard pal-
terns. One common lype of sequence involves successful resolu-
tion of an interferance:

(Obstacle) = (Prescription) — (Success),
ar (Errar) — (Loop) — (Success)

These success seguences relurn processing to the script at the
point of the previously blocked action, in the case of an obstacle, or
following the previously flawed action, in the case of an error. The
category ‘Success’ may often be implicit, but sometimes it is expli-
citly marked, and we need o recognize it if it occurs. Consider an
elaboration of stary (19):

21 John went o a restaurant.
He sal down.
He discoverad ha didn't have his magnifying glass.
He asked the waitress to read him the menu.
She agreed.

The obstacle in the third sentence by inference relates to the action

‘S MTRANS food list to CP(s)' in the Ordering Scene. The normal in-

strumental action for this is ATTENDIng eyes 1o the menu, and some-
times this ATTEND in turn has an instrumental action, namely
GRASPing the magnifying glass in proper position. The enablement
of having the glass is here missing. The customer chooses a pre-
scription of a type which is of general utility, namely asking soma-
one else to produce a result difficult 1o produce onesell. (Prescrip-
tions, like medicines, are sometimes genaral in their applicability,
sometimes specific.) The waitress agrees to his request, returning
processing 1o the script with the action 'W MTRANS food list te
CP(5)" anticipated as a subslitute for 'S MTRANS food list 1o CP(S)".

It was of course possible lor the customer to choosa to restore the
missing enablement rather than to modify the act to be enabled,
{These two distinct calegories are both generally perlinent in over-
coming obstacles.) The fourth sentence might have been, 'He bor-
rowed a magnifying glass from his old friend Moocdy at the next
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table’, or even, 'He went home to get it.’ These prescriptions return
processing to the original actian, *S MTRANS food listte 5', although
the going home alternative has the interesting properly that the
customer leaves the restaurant. We of course should expect him to
return, and it is only by understanding the nature of detour paths
that it is possible to realize that leaving the restaurant does not here
terminate the script.

Some Obstacle-Prescription pairs are so commaon that they may
come 1o be recognized as a path of the script itself. In the Ordering
scene if 5 needs a menu but it is not on the table and the waitress
doesn’t spontanecusly bring it, then we have an Obstacle = the
enabling menu for knowing the food list is missing. An obvious pre-
scription is to signal the waitress to bring a menu. Anyone who has
eafen with any frequency in restaurants knows that this ardinarily
works, Tharefore il is unnecessary and somewhat odd to use alter-
native prescriptions —say, searching by yoursell for where the
menus are kept — unless the primary prescription fails,

Lateron in the ordering scene there is a common Error-Loop pair. |f
the customer orders something which is not available, then trom
the point of view of the restaurant, he has made an error. The loop
which is initiated, namely ordering something else. is virtually una-
voidable, Thus we treat it as part of the main script

Every act in the restaurant (or any other) script is potentially sub-
ject to cbstacles and errars, each of which suggesls its own appro-
priate prescriptions or loops, A few of these will oocur with suffi-
cient frequency that a person repeatedly exposed 1o the scripl situ-
ation will learn them along with the rest of the script. This is the ma-
jar way in which scripts grow. In lime, he may learn a sizeable nurm-
berof alternative scrip! paths which were once detours, even 1o the
point of having prescriptive sub-branches to follow if there are anti-
cipated interferences to prescriptions themselves. Indeed, occupa-
tignal role members must have very elaborate scripts from their sit-
uational point of view, e.g., a trial lawyer's conceplion of the court-
room script, Qccasional or new participants in the same situation,
or those knowing it only from hearsay, naturally have much simpler
scripts. In a child's early experiences in restaurants, for example,
there is no appreciation of many of the details we have listed, such
as the waitress bringing the check. (Some aspects of a child's
learning of scripls are discussed in Chapter 9.) To the extent that
experlences in cerlain situations are ditferent, then, ditterent
scripts would be appropriale. When we refer to 'the' restaurant
script, therelore, we are relying on those stereatyped details which
are culturally consensual.

Returning to our discussion of detours, another common sequence
is a chain of attempls to remove a stubborn obstacla:

(Obstacle) — (Prescription) — (Fallure) — (Prescription) — (Failure)...

This chain terminales either in a final success, or in a lasi straw
(Failure) — (Abandonment) sequence, In the laller case, control
does nol return to the script, of course, because the script is termi-
nated.

Failures are prone lo elicit emotional reactions, albeit emational re-
aclions also occur in direct response o obstacles and errors. Reac-

tions in turn may or may not interrupt the instrumental sequence.
Thus we migh! have aither:

\ (Reaction)
(Obstacle) — (Prescription) — (Failure) -[

or

{Prascription)...

(Obstacle) = (Prescription) — (Failure) — (Reaction) — {Distraction)

The (Reaction) — (Distraction) pair is meant to express those cases
where the actor is carried away by his anger, annoyance, etc., inili-
ating some nonscriptal action as a consaquence.

Distractions need not occur only as a result of emotional reactions.
Indeed, distraclions can come from many sources. If the distracting
evenis play out their course within the location of the siluational
script, then it is likely that control will return to the script at the
point it was interrupled. The restaurant script may be said 1o be 'in
abeyance' in the middle of the following stary, for example:

22 John was eating in a restaurant.

Suddenly a thiet tried (o run off with several coals.
The manager tackied the thief.

The police came and arrested the man.

John paid the check and left.

With a script held in abeyance, the problem is to postpone the re-
quesls that were looking for completion of the script that was
started (here, restaurant). Thal is, once the distraction scene slans
we really do not expect the restaurant script 1o continue until the
substory has ended. Nonethelass, it could continue at any point and
requests to handle those inputs mus! be around,

A peculiar problem, though, is that the distraction substary may
laka the main aclorout of the restaurant (or othar script lacus), and
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there is no telling whether or not he will return. One of the authors
well remembears a personal experience at a modes! restaurant with
three Iriends some years ago. One of our group was nol 100 hungry,
and he asked the wailer jus! for a plate 1o share some of our spa-
ghetti. The waiter said this would cost §.25 (a princely sum in thosa
days), and we considered this an unreasonable pretension for such
a humble place. Indignani, we decided lo cancel our orders and
leave. However, the wailer maintained that since the cook was al-
ready making the food, we were responsible lor paying the bill. Now
we weare really mad, and we refused to pay. Thereupon he lele-
phoned the police and we were led a block away 1o the station
house and held on $200 bail. We were charged with failure to pay
our obligation of $5.50, and were threatened with a night in jail. This
sobered us, bul we still did not want to surrender meekly 1o the res-
taurant manager who was standing by awaiting action. Did we ra-
turn to the reastaurant?... Well, yes and no. We solved our problem
by asking if we could havae the food as a take-oul order. Thal was
agreed, and we went happily homa with no exira plale and no exfra
charge.

Such a “realistic’ slory involves the interachion of three scripts in
abeyance al once (SRESTAURANT, SPETTY CLAIM, and $JAIL HOUSE).
with an unexpected resolution of the interferences in all three,

3.5 Script Interactions

There are several ways in which mare than one script can be aclive
at once. In the previous section, we discussed the possibility of a
‘'script in abeyance', with a distracting script occurring within s
boundaries. Another possibility is that the second script does more
than merely distract from the firs!, but actually interferes, prevent-
ing the occcurrence of normal actions:
23 John was ealing in a dining car.

The train stopped shart,

John's soup spilled.

The first sentence aclivates two scripts simullaneously, $SRESTAU-
RANT and $TRAIN. (One could postulate a dining car script that we

would expect someone who eats on dining cars to have. If we had
that script here, these problems would not occur for this exampla).

When two scripls are active at once they compete flor incoming
items of intormation. Somatimes the avenls that fit in one affecl the
events of the other. The second sentence of (23) is clearly part of
the train scripl. However, it causes a problem that doesn't usually
occur in the restaurant script, namely that the table moved sud-
denly. We cannot axpect the rastaurant script to contain informa-
tion about whal to do or even whal happens when a table moves
suddenly. The third sentance (John's soup spilled) must be handled
by means other than a scripl. This is done easily encugh (in princi-
ple) by inferring the physical effects of a sudden train stop, and
knowing that soup spills when moved abruptly. The problem hers is
the serious effect this sentence has on the restaurani script. It is as
if the waiter has done something wrong, such as bringing the wrong
arder. That is, 1he cuslomar can, al this point, ask for a replace-
menl. A nex! sentence such as "John called the waiter’ would have
o be handied as an Error-Loop detour path within the restaurant
script. Remember that in this example two scripts are aclive at tha
same lime. Any new ilem is potentially in either ona Hara this
means handling the spilling soup as an inference from the train
moving and sending informalion to the instanbiated restaurani
script thal the lood is now no good (and perhaps that the customer
is now wet), Such new inpuls trigger detour paths in the restaurant
script that are capable of handling them even though the impelus
for them came from outside tha script itself.

24 John was wooing his girlfriend in the restaurant.
He asked her for the salt.
Then he asked her for her hand.

In exampla (24), a similar problem occcurs. Here again we have two
scripls (SROMANMCER and SRESTAURANT) active at the same time.
The next inputs don'l affect each other, butl which new input be-
longs to which script? The problem in this example is obviously not
too sericus and is quile a bit like semantic ambiguity in the disam-
biguation of isolated sentences. Resolution is possible as long as
there is enough information in the script applier about the require-
ments of tha |wo scripls. A serious problem occurs when a new
event could occur in either of the two scripts. For example, suppose
we had 'He asked her for money’, This might fit a path in the wooing
script {as in 'he is after her for her money'), or it might be part of the
restaurant script (as in the path that handles what to do if you dis-
cover you can't pay). This is a case of ambiguily within scripts
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which we call Scriptal Ambiguity, Ollen, other knowledge (lor
example, about John's personal characler) will help disambiguate
such sentences. | not, fulure inputs usually will

An amusing kind ol scriplal ambiguily occurs when the players
think they are in dilferent scripts, or when two players in a single
script each have two different roles, one real and the second a lig-
ment of the other parson’s imagination — as in the following anec-
dote:

25 A traveling salesman found himself spending the night al homa
with his wife when one of his Irips was unexpectedly canceled,
The two of them were sound asleep, when in the middle of the
nigh! there was a loud knock at the front door. The wile woke up
with a slart and cried oul, 'Oh, my God! It's my husband!" Where-
upon the husband leapt from the bed, ran across the room, and
jumped oul the window.

It we ragard husband-surprising-wife’s-lover as a scripl, then we
can readily understand this anecdote as the husband seeming to
the wile 1o be her secrel lover, and the wile seeming to the husband
1o be the spouse ol the jealous husband outside. For a scrip! appli-
calion mechanism (o appreciate this duality, it would have to infer
one version of tha script from the wife's point of view, and a second
from the husband’s. It would have to understand, in other words,
that there can be a script in someone's mind —a personal scripl
= which is at variance with the actual or situational script because
of systemalic distorling factors.

Of course, in arder 10 really understand the joke in story (25), the
listener must apply a rule about personal scripls, namely that in or-
der for a personal script to override serious discrepancies with real-
ity, it must have been very well practiced by the individual. Thus we
infer that bath husband and wile are well versed in adultery. We will
have more o say aboul personal scripts in Section 3.6.

The concurrent activalion of more than one scrip! creates rather
complax problems. A slightly less froublesome type of script inler-
aclion arises at the boundary where one scrip! leaves off and an-
other begins. Consider this example.

26 John was robbed on the train,

Al the restaurant he couldn’t pay the check.

In this example, the robbery is an unpredicted evenl in the tran
scripl. The new evant does nol alfect the normal completion of the
train script, 50 we simply have a pomnler 1o tha train script (Sinca it 15
a fleeting scripl) and a pointer to a robbery scnpt embedded within

it. However, when the naxt line of the slory is seen, it is alfected by
the earlier robbery script. This is noticed by the entry conditions
on a scrpt. In arder to perform a role in a script, certain conditions
must be met. To take a train ride, one must be able 1o get o the sta-
tion and into the train (i.e,, the doors of the train must be cpen at the
appropriate ime). Further, one mus! either have a tickel or the
money to purchase cne (in which case someone must be selling a
ticket and one must be able 1o find him). The entry conditions for a
customer in a restaurant are similar o those for a train. Obviously
an imporiant entry condition for restaurants is that the customer
have the means 1o pay the check. When a script is begun, it is nec-
assary 1o check the entry conditions. If an entry condition has been
violated it must be noticed immediately upon instantiating the
script or when a pointar to that script is created. So in (26), the rob-
bery, from which one must infer John has no money, violates one ol
the entry conditions of the next script to be activated. This violation
sels up an expectation for the no-pay path of the resturant scripl

with a link back o the robbery as the reason for taking this path ol
the scripl.

A final scripl interaction type concerns indelerminacy in script-
andings.
27 Yesterday John was in New York,

He want 1o a restaurant,

He ate a large lobster.

Then he bought a walch.

In {27) we have the problam of recognizing when an active scripl
has been ended and a new scripl has begun, Once the restaurant
script has been instantiated in (27), we expect it to be ended in nor-
mal fashion. When a new input comes in thal does not normally fit in
that script without an ending being perceived, we have a problem, If
the new inpul is something which is unexpected but could possibly
occur in a restaurant, {i.e., is a Distraclion), should the restaurant
script end? It the new input were, ‘The wailress did a dance’, we
would have no reason 1o end the restaurant script since this could
occur in a restauranl, and would not be likely to initiate a customer
reaction leading lo a PTRANS from the restauran!, The restaurani
script would simply be hald in abeyance. In the exampla given in
(27). ('Then he bough!l a watch') we have somathing that can nor-
mally be handled by a script, but that takes place in walch slores
and nol restaurants. We have 1o assume that the restaurant script
has ended and infer 'He lefl the restaurant’, This would cause all tha
normal MAINCONs of the restaurant script 1o be inferred. The
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watch-buying event thus serves double duty: il activates a new
script at the same time it terminates an instantiated old one. We
call this a ‘script-ending script’.

Of course, it is conceivable that one could buy a walch in a restau-
rant. Because of this possibility, with script ending scripts we still
keep the requests active from the original script. Thus, if we next
encounter 'Then he paid the check’, if we have marked our pravi-
ous inference with a lack of certainty, we can undo what we have
inferred and place the ‘watch’ event inside the restuarant script as
a Distraction.

The problem of script-ending scripts is a difficult one, partially be-
cause il occurs frequently, and partially because one can never be
certain that the right decision has been made. Time span seems 1o
play a role in the decision process too. For example, if ‘Then he
bought a watch” were (a) '"He bought a walch' or (b) 'He bought a
watch an hour later we have different solutions. In (a) we would
probably assume that John was still in the restaurant and in (b) we
would feel more certain that the restaurant script was ended be-
cause of the time gap,

3.6 Types of Scripts

So farwe have examined situational scripts in which 1) the situation
is specilied; 2) the several players have inlerlocking roles to follow,
and 3) the players share an understanding of what is supposed to
happen. The waitress lypically does what the customer expects,
and the customer typically does what the waitress expects. There is
great social economy when both parties know the script because
neither party need invest efforl deciding whal the actions of the
othear mean and how appropriately to respond. Indeed, it is charac-
teristic of institutionalized public situations with defined goals (tha
customar eating, the restaurant making money) that the sacial in-
teractions be stylized This is one reason why scripis are so
commaon, and so helpful in understanding.

Suppose, however, that one ol the parlies wanis to direct the intar-
action into channels other than those defined by the situational

script. He may have some Personal Script which he is following,
over and above the actions needed lo conform to the siluational
script. The customer for example, may have the goal of making a
date with the waitress. If he has pursued such a goal often, then the
aclions involved may (for him) be vary stylized and scriptal. The
main path might invelve friendly conversation, casual kidding, find-
ing out if she is unattached, displaying inlerest, and asking when
she gets off work. The waitress might or might not respond in the
anticipated way. She might be friendly, but misinterpret the motive
tor the customer's friendly overlures. She might remain aloof and
business-like. She migh! play hard fo get.

Parsonal scripts do not behave in the stylized fashion of situational
scripts. All the participants in personal scripis are not necessarily
aware of thair participalion. The seducee, say, or the victim of a
swindle is often not aware until the very end of the enactmenl of the
actor's personal script of their participation in iL_The personal
script exists solely in the mind of its main actor. It consists of a se-
quence of possible aclions that will lead to a desired goal. It is dif-
ferent from a plan (lo be discussed in Chapter 4) in that there is no
planning involved for the actor in a personal script. He is participat-
ing in a sequence of events much like other sequences he has used
many times before. He could teach his method to anyone who
wanted (o know il. There is very litlle planning involved because he
has done this personal scripl repeatedly.

There is, of course, no limit to the mental projections a person can
bring to a situation in the hope of aflaining some goal. Thase are
frequently not scripl-like, bul suited ad hoc appropriately to the
particular situation. If the customer says 1o the waitress, 'If you see
a tall man with a walrus mustache later this evening, a Mr. Robin-
son, please tell him that John and Mary found his umbrella’, we
don'l want to try to interpret this request as part of a script. 1l is
unigue to this particular situation. Indeed, even if this customer for
some reason often says such things lo waitresses as part of a pecu-
liar personal script, an understanding system would have great diffi-
culty perceiving this without intimate knowledge of the mental
world of this customer. From the standpoint of an artificial intelli-
gence system, therefore, the useful personal scripts to store are
those which are common lo many individuals, and can therefore be
conjectured for new characters in a story. There are many such
common parsonal scripts, They tend to have the character of roles
ar parts which people assuma as the occasion arises, for axample,
$FLATTERER, $JEALOUS SPOUSE, $GOOD SAMARITAN, elc, or
stealthy occupations like $PICKPOCKET or $8PY.
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Personal scripls are usually but not always goal-arienfed. A per-
sonal script also might be followed as a matter of rilual {e.g.,
S$PRAYER), or as an elaborated emolional and behavioral reaction
following a situational outcome. An example of the latter would be
the SJILTED LOVER who (say) discovers he has been jilled, disbe-
lieves it, confirms it, is furious at his rival, curses all women, feels
depressed, gets drunk, and throws himselt in the river. This non-
goal-oriented type is nol quite as interesting from an artificial intel-
ligence point of view as the goal-orienled type, because other indi-

viduals do nol ‘get inlo the act’, The personal scripl can be very per-
sonal indeed.

Clinical psychologisis tend to be interested in very personal
scripts. These are the siuff of neuroses, especially when thay are
aclivated inappropriately and creale inlerfarences in the ongoing
social behavior of the individual. Behavior governed by uncons
cious motivation stems from a script hidden from an individual's
conscious sell. It is not our task in this volume 1o pursue such mat-
lers, other than 1o note the polenlial relevance of the script con-
cepl, properly explicated, to the demystification of neurotic behav-
ior. Indeed. a school of clinical psychologists —the ‘transactional
school' —has already used the term “script’ for use in the analysis
of behavior (cf. Steiner, 1975) although their use of it is loosar than
ours. In any case, we will nol try to deal with idiosyncratic or un-
conscious personal scripts. The knowledge needed to handle their
occurrences is oo specialized and unparsimonious and is of litlle
use in predicling and understanding actions at the level at which
we are inleresled, Suppose we encounter a slory like (28):

28 Mary's friends offered heroin 1o her. She shol up.

Here the simplest answer 1o the question, "Why did Mary shoot up
heroin? is that she wanted to (or that it was her habit), and the next
simplest i5 thal her friends persuaded her, Without very speciahized
additional context, we would nol likely assume (say), that she did it
because as a child she halted her overbearing older sisters, and
now she lets her peers talk her into bad behavior in the hopes that
they will all be caught and punished, thus getting even with Ihe sis-
ters and also expressing her own guilt for hating them. This could
conceivably be correct, but it 15 so much explanation based on so
little substance that, like syndicated newspaper columns offenng
psychiairic advice, il puts one off as being graluitous. Our policy in
daveloping a theory of knowledge struciures is o gel as far as we
can with tairly simple and general constructs,

With personal scripts, then, we would in practice resirict our atten-
tion to the most common readily inferred type. Often, personal
scripts are used in otherwise novel siluations, where there are no
other scripls around. Interesting interaclions occur when more
than one scripl lype is around at a time. Here we simply skefch
some possible interactions and their properties.

a One actor with a concealed personal script within a situational
script.

This is a very common type of interaclion, One actor behaves wilh
stylizad duplicity, maintaming a public front while pursuing a per-
sonal motive. Persistent toadying to superiors in hope of a promo-
tion, the affectation of virtues by political candidates, the rapid-
lire friendly conversation of reporiers, salesman, con artists and
spies — these are all potential examples.

This type of scripl interaction is different in an important respect
from most of the types discussed in previous sections. Here if a
story understander is aware of the parsonal script, he is sel to ex-
pact certain interferences during the progress of the situational
script. This is in contrast to stories such as (18), (21) — (23), (27), in
which unexpecled or accidental events arise withoul prior warn-
ing. With prior knowedge of a parsonal script, the understander
can prime appropriate questions or requests of both non-scriptal
and scriptal input.

b Two or more aclors with competing concealed personal scripts
within a situational script.
This is an extension of the previous type. It might involve spy and
counterspy. or a group of dishonorable thieves in a bank robbery, or
any number of other situations of compelition and double-cross.
Here again the interesling questions for the understander are how
the protagonisls manage their double roles, and whether either or
both of them develops awareness of the other's hidden agenda. The
complexities of monitoring the input are much greater than in tha
previous case, bul there are no new conceptual features.
¢ One or more actors with personal scripts whose nature is known
by the other actors.

We have discussed the possibility that a personal script be con-
cealed, bul it is not unusual for a personal script even 1o be known
in advance by olher players, Thara are many stylized inlaractions in
which one or both parties know the other to be dissembling, as in
polite social invitations known not to be intended. Quita often if the
deceil is relatively harmless, the knowing victim will pratend nol o
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know, in order 1o save 1he lace of ihe other. This is what Golfman
(1959) calls the ‘face work' of everyday social interaction. Rather
complicated patterns ol social misrepresentation (both script-lhike
and non-script-like) can occur, and il is not our purpose here 1o try
o trace these, At this stage in the development of scripl concepls,
perhaps we can hope only 1o cope with very obvious personal-situa-
tional script interactions where foreknowledge or discovery of the
other's personal scripl leads immedialely lo a prescribed action.
For example, il a dope peddler discovers thal some people acling
like customers are in reality members of \he dope squad, he will
avoid the incriminating rendezvous,

There is one further type ol scripl we recagnize, namely the IN-
STRUMENTAL SCRIPT. Instrumental scripls are quite like situa-
tional scripts in structure, that is, they describe prescribed se-
quences of aclions. However, the kinds of actions they describe,
the variability of the ordering, and the use of the script in under-
standing, ditfers. Examples of instrumental scripts are SLIGHTING A
CIGARETTE, $3TARTING A CAR, SWORKING A KEYPUMNCH, SFRYING AN
EGG. There is little variability with instrumental scripts. The order of
evenis is very rigid, and each and every one of the events in the
scripl must be done, There are obviously an extremely large num-
ber of instrumental scripls. Every cookbook contains hundreds ol
tham,

Thera are, of course, situational scripts, in which the variability is
about the same as some instrumental scripts. In the coffee shop
track of the restaurant script there is liltle possibility for acltions
varying, In fact, there is probably more possible variability in frying
an egg. The crucial differances between instrumental and silud-
tional scripts are with respect to the number of actors, and the over-
all intention or goal of the script.

Usually, situational scripts take mulitple actors, while instrumental
scripts have only one participant, Things can and do happen in a
situational script that are not expected and are often the point of
any story that invokes situational scripl, For example, a fight in a
restaurant is of interest because of i1s unusualness. The restaurant
is just so0 much context for the story. Barring a bomb going off, we
don't expect stories abou! "'what happened while | was starting my
car’. The actions in instrumental scripts are fixed and uninleresting
for the most part. Unusual or other interesting events do not usually
lake place with instrumental scripls as their context, In an instru-
mental script, nearly the only thing that can be related within it is
the failure of the intended goal and whal was done to correct it This

is usually itsell a standard prescription. There are only a few things
to do when a car doesn't start and they are part of the script as well.

Making the distinction between situational and instrumental scripls
enables us 1o make some choices that facilitate processing, When
we instantiate a situational script, we must sel up prediction mech-
anisms that will: be able to handle definite references o characters
that have not yet been mentioned (e.g., the waitress); be able to in-
fer the presence of important (or goal) scenes that have nol been
instantiated (e.g., 'eating’ in a restaurant); find the appropriate de-
tour path for unexpected inputs. Most importantly, mechanisms of
memory must be set up to remember the unexpecled events of the
situational script together with the explicit and inferrad MAIN-
CONS.

An instrumental script has available to it much of this apparatus,
but it is unreasonable to bring it to the fore every time that an instru-
mental script Is referenced. We simply don’t expect that | Iried an
eqgg’ is the beginning of a story about an interesting thing that hap-
pened in the process of egg frying. To bring powerful prediction
mechanisms to bear at this point would be a mistake.

Perhaps more imporiant is our treatment of these two script types
after they have been processed. We have stated what we would like
to remember alter having made use of a situational scripl. What is
the analogy with instrumental scripts? It |s not unreasonable 10 ex-
pect that, excep! under very unusual circumstances, we would wan!
1o forget the details of an instrumental script and remember only
the goal. In fact, it is not implausible to even forget the script en-
tirely, 1o save memaory space and processing lime. The reason that
this can be done is that an instrumental script can always be redis-
covered. If someone is smoking a cigarette, it must have gollen
lighted somehow. If, for some reason we ever need 1o use this fact,
it can be inferred and found as easily as if we had been told it.

The three script types described in this chapter can occur together
in a juxtaposition that might include them all. For example, John
could take Mary 1o dinner al a restauran!, doing various instrumen-
tal scripts along the way (lighting her cigarette, starting ihe car).
However, during the meal he is alfecting the personal scrip! of RO-
MANCER. This alfects his behavior every now and then, in what he
says, how he walks, what wine he orders, but probably not in that he
arders or pays the check (siluational) or how he culs his meal {in-
strumental).
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3.7 Script-based Understanding

By subscribing to a script-based theory of understanding, we are
making some strong claims about the nature of the understanding
process. In order 1o understand the aclions that ara going an ina
given situation, a person must have been in that situation before.
That is, understanding is knowledge-based. The actions of others
make sense only insofar as they are part of a stored pattern of ac-
tions that have been previously experienced. Deviations from the
standard pattern are handled with some difficully.

To illustrate this, consider the following example that recently hap-
pened to one of us. | received a phone call from an old friend who
lives about 100 miles north of me. He said 'Hi, I'm on 1-91°. (The
highway that connects our respective cities.) | asked him il he
would like to drop by and he said he would. | then asked him where
he was exactly so I'd know when to expect him. He answered “Well
let’'s see, oh there's a sign coming up, it says. wait a minutle, Wall-
ingford next, uh, oh there it is, exit 14", Atthis point | was totally bafl-
led. | had visions of my friend having lost connection with reality,
My ‘telephoning before visiting’ script did not have room inittor un-
cerfainty about one’s location that could be resolved by signs ‘com-
ing up’. It took me a while to realize that my friend, being a gadge!-
oriented persan, had a phone installed in his car. Whnat we had was
the telephone script mixed with the driving script, a mix that | was
quite unfamiliar with.

Of course, people can adapl to situations with which they do not
have previous experience. This adaptability comes from knowledge
of plans and goals discussed in Chapters 4 and 5. However, even
there the point remains the same. People need a great deal of
knowledge in arder to understand. That knowledge can be of two
kinds: specific and general. Scripis are inlended o account for the
specilic knowledge that people have. Most of understanding is
script-based.

Understanding then, is a process by which people malch what they
see and hear 1o pre-stored groupings of actions that they have al-
ready experienced. New information is understood in terms of old
information. By 1his view, man is seen as a processor that only un-
derslands what it has previously understood, Qur scripl-based pro-
gram, SAM, works this way. It thus can be faulted on the basis that
anything that it understands was preprogramed into i1 0 gory ce-
tail, We will meet other bases for underslanding, bul we view
human understanding as heavily scripi-based, A human understan-

der comes equipped with thousands of scripts. He uses these
scripts almost without thinking.

We will discuss how scripts are acquired in Chapter 9. A simple ax-
ample will suffice hare. One of us (RS) recently bought a new car,
My daughter Hana (age 4) was with me when we bought it and
asked if | was going 1o get a new key chain. | asked her what she
meant, She replied that when we had gotten our old car in Rhode Is-
land (where it had arrived olf the boat 2 years earlier) | had bought a
new key chain. This was her only experience wilh getting a car and
already the evenls in it were a script for her. When you get a new
car you get a naw key chain, It people are building scripts at such
an early age, it seems easy lo imagine that the number they possess
is greal,
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