[Sacks et al., 1974] H. Sacks, E. A. Scheglo�, and G. Je�erson, \A Simplest Systematics

F or the organization of T urn-T aking for Conversation," L anguage, 50:696{735, 1974.

[Sado ck, 1974] Jerrold M Sado ck, Me aning, T oward a Linguistic Theory of Sp eech Acts,

1974.

[Scheglo� et al., 1977] E. A. Scheglo�, G. Je�erson, and H. Sacks, \The Preference for Self

Correction in the Organization of Repair in Conversation," L anguage, 53:361{382, 1977.

[Scheglo� and Sacks, 1973] E. A. Scheglo� and H. Sacks, \Op ening Up Closings," Semiot-

ic a, 7:289{327, 1973.

[Sinclair and Coulthard, 1975] J. M. Sinclair and R. M. Coulthard, T owar ds an analysis of

Disc ourse: The English use d by te achers and pupils., Oxford University Press, 1975.

[Stenstrom, 1984] Anna-Brita Stenstrom, Questions and R esp onses, Lund Studies in En-

glish: Numb er 68. Lund : CWK Gleerup, 1984.

[T raum, 1991a] David R. T raum, \The Discourse Reasoner in TRAINS-90," TRAINS

T echnical Note 91-5, Computer Science Dept. University of Ro chester, 1991.

[T raum, 1991b] David R. T raum, \T owards A Computational Theory of Grounding in Nat-

ural Language Conversation," T echnical Rep ort 401, Computer Science Dept. University

of Ro chester, Octob er 1991.

[W alker and Whittaker, 1990] Marilyn W alker and Steve Whittaker, \Mixed Initiative in

Dialogue: An Investigation into Discourse Segmentation," In Pr o c e e dings ACL-90, pages

70{78, 1990.

[Yngve, 1970] Victor H. Yngve, \On Getting A W ord In Edgewise," In Pap ers fr om the

Sixth R e gional Me eting, pages 567{78. Chicago Linguistic So ciety

, 1970.

28

[Halliday

, 1961] M. A. K. Halliday

, \Categories of the Theory of Grammar," Wor d, 17:241{

92, 1961.

[Heritage, 1984] John Heritage, \A change-of-state token and asp ects of its sequential

placement," In J. M. Atkinson and J. Heritage, editors, Stur ctur es of So cial A ction.

Cambridge University Press, 1984.

[Hinkelman, 1990] Elizab eth Hinkelman, Linguisic and Pr agmatic Constr aints on Utter-

anc e Interpr etation, PhD thesis, University of Ro chester, 1990.

[Hinkelman and Allen, 1989] Elizab eth A. Hinkelman and James F. Allen, \Two Con-

straints on Sp eech Act Ambiguity

," In Pr o c e e dings ACL-89, pages 212{219, 1989.

[Hinkelman and Allen, 1992] Elizab eth A. Hinkelman and James F. Allen, \Sp eech Act

Interpretation without Literal Meaning," Computational Linguistics, 1992, forthcoming.

[Litman and Allen, 1990] Diane J. Litman and James F. Allen, \Discourse Pro cessing and

Common Sense Plans," In P

. R. Cohen, J. Morgan, and M. E. Pollack, editors, Intentions

in Communic ation. MIT Press, 1990.

[Mann and Thompson, 1987] William C. Mann and Sandra A. Thompson, \Rhetorical

Structure Theory: A Theory of T ext Organization," T echnical Rep ort ISI/RS-87-190,

USC, Information Sciences Institute, June 1987.

[McCawley

, 1988] James McCawley

, The Syntactic Phenomena of English, University of

Chicago Press, 1988.

[McCawley

, 1989] James D. McCawley

, \Individuation in and of Syntactic Structures," In

Mark Baltin and Anthony Kro ch, editors, Alternative Conc eptions of Phr ase Structur e,

chapter 7, pages 117{138. Univeristy of Chicago Press, 1989.

[Nak a jima and Allen, 1991] Shin’ya Nak a jima and James F. Allen, \A Study on the Roles

of Proso dy in the Co op erative Dialogue," In R ese ar ch on Mo del ling of Sp e e ch Dialo gue

and its Computational Pr o c essing: Final R ep orts, pages 144{152. National Science F oun-

dation, Decemb er 1991.

[Orestrom, 1983] Bengt Orestrom, T urn-T aking in English Conversation, Lund Studies in

English: Numb er 66. CWK Gleerup, 1983.

[Perrault, 1990] C. R. Perrault, \An Application of Default Logic to Sp eech Act Theory ,"

In P

. R. Cohen, J. Morgan, and M. E. Pollack, editors, Intentions in Communic ation.

MIT Press, 1990.

[Pierrehumb ert and Hirschb erg, 1990] Janet Pierrehumb ert and Julia Hirschb erg, \The

Meaning of Intonational Contours in the Interpretation of Discourse," In P

. R. Co-

hen, J. Morgan, and M. E. Pollack, editors, Intentions in Communic ation. MIT Press,

1990.

[Po esio, 1991] Massimo Po esio, \Exp ectation-based Recognition of Intentional Structure,"

In Working Notes AAAI F al l Symp osium on Disc ourse Structur e in Natur al L angauge

Understanding and Gener ation, Novemb er 1991.

27

References

[Allen, 1983] James Allen, \Recognizing Intentions F rom Natural Language Utterances,"

In Michael Brady and Rob ert C. Berwick, editors, Computational Mo dels of Disc ourse.

MIT Press, 1983.

[Allen and Perrault, 1980] James Allen and C. Perrault, \Analyzing Intention in Utter-

ances," Arti�cial Intel ligenc e, 15(3):143{178, 1980.

[Allen and Schub ert, 1991] James F. Allen and Lenhart K. Schub ert, \The TRAINS

Pro ject," TRAINS T echnical Note 91-1, Computer Science Dept. University of Ro chester,

1991.

[Beun, 1989] Robb ert-Jan Beun, The R e c o gnition of De clar ative Questions in Information

Dialo gues, PhD thesis, Katholieke Universiteit Brabant, 1989.

[Bunt, 1989] H. C. Bunt, \Information Dialogues as Communicative Action in Relation

to Partner Mo delling and Information Pro cessing," In M.M T aylor, F. Neel, and D. G.

Bouwhuis, editors, The Structur e of Multimo dal Dialo gue. Elsevier Science Publishers

B.V., 1989.

[Clark and Schaefer, 1989] Herb ert H. Clark and Edward F. Schaefer, \Contributing to

Discourse," Co gnitive Scienc e, 13:259 { 94, 1989.

[Cohen and Levesque, 1991] Phillip R. Cohen and Hector J. Levesque, \Con�rmations and

Joint Action," In Pr o c e e dings IJCAI-91, pages 951{957, 1991.

[Cohen and Perrault, 1979] Phillip R. Cohen and C. R. Perrault, \Elements of a Plan-

Based Theory of Sp eech Acts," Co gnitive Scienc e, 3(3):177{212, 1979.

[Coulthard et al., 1981] M. Coulthard, M. Montgomery

, and D. Brazil, \Developing a De-

scription of Sp oken Discourse," In M. Coulthard and M. Montgomery

, editors, Studies

in Disc ourse Analysis, pages 1{50. Routledge & Kegan Paul, 1981.

[Duncan and Niederehe, 1974] Starkey Duncan, Jr. and George Niederehe, \On Signalling

That It’s Y our T urn to Sp eak," Journal of Exp erimental So cial Psycholo gy, 10:234{47,

1974.

[F erguson, 1991] George F erguson, \Domain Plan Reasoning in TRAINS-90," TRAINS

T echnical Note 91-2, Computer Science Dept. University of Ro chester, 1991.

[F ord and Thompson] Cecelia F ord and Sandra Thompson, \On Pro jectabilit y in conver-

sation: Grammar, Intonation, and Semantics," presented at the Second International

Cognitive Linguistics Asso ciation Conference, August, 1991.

[Gross et al., 1992] Derek Gross, James Allen, and David T raum, \The T rains 91 Dia-

logues," TRAINS T echnical Note 92-1, Computer Science Dept. University of Ro chester,

to app ear 1992.

26 that the current scheme has. Most schemes either treat only one or two of the levels we

have here, or try to combine everything into a system of rankings, where one group is

comp osed of items at a lower rank, the way grammatical phrases are comp osed of words.

An example is the classi�cation scheme prop osed in [Sinclair and Coulthard, 1975] and later

mo di�ed in [Coulthard et al., 1981] and [Stenstrom, 1984]. This taxonomy is one of ranks

within the same level, a level called \Discourse", with the following ranks form smallest to

largest: act, move, exchange, sequence, transaction. This system corresp onds most closely

to the argumentation level, although the exchange rank is very similar to a DU in our

terms, consisting of an initiation p ossibly follow ed by a resp onse and feedback. Grounding

and T urn-taking are not explicitly covered, although there are acts such as acknow le dge

and r eply in [Coulthard et al., 1981] and r ep e at, b ackchannel, r e quest acknow le dgement in

[Stenstrom, 1984].

Although the levels of action we have discussed in this pap er are all manifested through

the same channel of sp oken language, the levels represent co ordination of di�erent typ es

of activity . T urn-taking co ordinates who is in immediate control of the sp eaking channel

and should have the attention of the participants. Grounding co ordinates the state of

mutual understanding on what is b eing contributed. Argumentation co ordinates the higher

discourse purp oses that the agents have for engaging in the conversation. Core Sp eech Acts

co ordinate the lo cal ow of changes in b elief, intentions, and obligations.

6 Conclusion

This mo del of conversation takes a signi�cant bite into the problems raised by the extremely

�ne-grained interactions in sp oken discourse. W e hop e that the lower three tiers will b e

v alid in a v ariety of domains, though the cues for realization of particular acts will b e

di�erent. W e also hop e that this taxonomy will provide a fruitful basis for re-examination

of the issues of high-level discourse structure.

Current work includes continued testing of the scheme against the TRAINS corpus, and

implementation of the recognition ideas in Section 4. When the recognition algorithms for

the four levels have b een thoroughly tested, we will have go o d evidence that conventional

literal meaning is thoroughly interlarded with intentions at many levels.

Ac kno wledgemen ts

The classi�cation scheme for conversation acts in Section 2 was devised by the �rst author

in collab oration with James Allen. W e would also like to thank Derek Gross and Shin’ya

Nak a jima for collecting the TRAINS dialogues and providing the initial transcriptions which

have b een used as data for this analysis. All three have b een active participants in the con-

tinued development of the theory of conversation acts. The Ro ck Star example in Section 1

was suggested by Stephen P

. Spackman.

25

Consider our example dialogue from the system’s p oint of view, b eginning at 3.1. Core

sp eech act recognition gets no interpretation for the �rst two isolated words, though other

mo dules may

. Being declarative, the next clause is an Inform, again an Inform of a need

and therefore p otentially carrying the force of a Suggestion. Perhaps relative clauses, such

as \where there are oranges" default to Inform, or p erhaps they don’t warrant any default

at all. Intonationally

, this utterance is a series of phrases with H phrase accents; the last

is p ossibly a bit more elongated than the others, and fails of any conclusive fall. It is thus

b ounded by the next syntactic unit’s b eginning, and at this p oint the interpretation for the

entire sentence is that of the �rst clause.

UU 3.2 and 3.3 follow without strong intonational b oundaries. UU 3.2 has declarative

syntax but ends in a continuation rise, and 3.3 resolves the interpretation to a con�rmation

question, or \Check". This interpretation is easily veri�ed as a plausible plan, since b oth

sp eaker and hearer have written copies of the information contained in the utterance.

4.4 Argumen tation Acts

Argumentation Act recognition starts with reference to Disc ourse Scripts [Po esio, 1991].

These represent conventional knowledge of such things as adjacency pairs (e.g Q-A, greeting-

greeting), discourse obligations, and high level conversational tasks such as those represented

in Figure 6. These scripts represent background assumptions of the exp ected coherence

relations, which can b e applied to the current situation to allow recognition of probable

sp eaker intention. First parts of discourse scripts will make their next parts conditionally

relev ant, for instance, the �rst utterance after a question will b e seen as an answer unless

it gives explicit signals to the contrary (e.g. a repair or follow-up question).

The main surface indications of argumentation relations are certain typ es of cue words.

\So" is a very go o d signal for a summary or deduction function. These generally cue items

which, while they haven’t app eared explicitly in the previous conversation, are inferable

from what has gone on b efore combined with background knowledge. Thus, the inform in

DU #2 is in a summary relation to DU#1, in virtue of the decomp ositional plan knowledge

that there is only one orange source and a b oxcar is needed to carry oranges. Similarly for

the check in DU #9. The \so" in DU #5 seems like it could b e either a summary or just

a topic progression, another common use of \so". \And" is a go o d signal of elab oration or

continuation, e.g. UUs 15.1, 15.4.

Domain Plan knowledge will also b e extremely imp ortant at this level. Often it is

not necessary to know the precise relationship b etween two segments of conversation. As

long as the conversants are attending to building up the domain plan and seeing how the

contents �t togther, that is enough to get by without explicit identi�cation of the rhetorical

relationships. Knowing these relationships, however, can provide imp ortant clues to the

domain plan recogniser as to how to �t a new item into the plan.

5 Related Classi�cation Sc hemes

There have b een quite a few previous attempts to categorize acts in discourse into di�erent

groups, however, we b elieve none of the previous classi�cations have the range of coverage

24

Consider for a moment the prop erties of multiclause sp eech acts. It transpires that

some multiclause utterances require (unsurprisingly) individual analysis of each clause, for

instance:

It is with great regret that I announce my resignation.

(nominal perf.)

(Announce, perform. verb.)

(Inform, as indicated by declarative syntax and cleft.)

which is an actual resignation as well as an announcement and an inform act [Sado ck,

1974]. (Note that \regret" is not p erformative.) Under some conditions the constituent

clauses are blo cked from sp eech act status, but we discuss this elsewhere [Hinkelman and

Allen, 1992]. There are also data, p erhaps ill-formed but nevertheless understandable, in

which the sp eaker’s intent shifts:

I was hoping you could please give me at least a ride.

(Request: imperative + please )

^^ the point of crossover.

(Inform: declarative; likely indirect request semantics. Incomplete.)

Here the sp eaker essentially slips from a very indirect request to a direct one, via a

lexical item conventionally asso ciated with aux-inversion requests. The sp eaker may also

fail to track clause emb edding well:

Your point has been made and we are please asking you to leave.

We want them to please, think about this child...

Clause-by-clause analysis enables integration of core sp eech act recognition into the

framework of turn-taking and grounding. The surface-oriented comp onent of sp eech act

recognition examines each input phrase, as well as any larger constituents that syntactic

analysis identi�es, and attempts to build sp eech act interpretations for them. If core sp eech

acts are found, (and there are defaults for most syntactic phrases), they are sub jected

to veri�cation as plausible plans, as ab ove. In the simpler clause-by-clause mo del it is

desireable to bu�er interpretations until the utterance b oundary is found, to b e sure that

the topmost no de do es not blo ck clause interpretations. The integrated mo del must also

rely on utterance b oundaries for this purp ose. The �nal set of interpretations is passed on

to DU tracking (see Section 4.2) for preserv ation across utterance b oundaries.

Clause level tracking is useful immediately at the b eginning of our example dialogue.

Consider the system’s view of utterance 1.1. Ignoring the initial \ok ay", clause level analysis

yields an inform, and a declaration of a problem can b e a directive act as well. The idiomatic

\<p erson> b etter" is a forceful suggestion, and uni�es with the directive interpretation to

yield an overall suggestion act for the utterance. T esting against prop ositional information

in context supp orts this conclusion.

23 mo del of the nature given here may serve to repair interactions, and make pro cessing more

e�cient.

Recognizing Grounding Acts

In a situation in which there are no accessible DUs, the only p ossible grounding act would b e

an initiate - thus any utterance that attempted to change the mutual b eliefs of the agents

would b e an initiate. Initiate can b e recognized in other lo cations as an utterance which

conveys new content to b e mutually b elieved which is not a syntactic or semantic continua-

tion or correction of an extant unacknowledged unit. A syntactic/semantic continuation of

a unit which has not b een acknowledged will b e seen as a continue. The di�erence is this:

items which are group ed together as part of the same discourse unit will b e acknowledged

together and those which are not (i.e. the second utterance is marked as a new initiate

rather than a continue) have the option of having one but not the other acknowledged.

Acknowledgements come in three typ es. Backchannel resp onses (e.g. \ok ay", \uh huh")

in the prop er context (state 1 for the Resp onder or 3 for the Initiator) directly signal ac-

knowledgement of the current DU. A paraphrase or completion of the other’s sentence may

b e either an acknowledgement, a repair, or a repair request. Questioning intonation will

signal a repair request, and acknowledgements are distinguished from repairs by having the

same or exp ected content as opp osed to a replacement or new content. Implicit acknowl-

edgements can also b e recognized by an initiation of a new DU which forms a next step in a

current argumentation act, e.g. an answer acknowledges the previously initiated question.

Repair is any utterance which replaces any of the content of the current DU. This change

may b e either to the explicit content of a previous utterance or to the presupp ositions.

Repairs by the Initiator are often signalled by cue phrases such as \I mean", \that is",

or \I’m sorry". Cancels indicate a dropping of the intention o complete the current DU.

Signals include, \forget it", \never mind", or dropping an utterance part way through and

starting up with something else.

4.3 Core Sp eec h Acts

The general mo del that we assume for core sp eech act recognition is that of [Hinkelman

and Allen, 1989; Hinkelman, 1990]. This work emphasized the role of surface signals in

recognition of sp eech act typ e, using patterns of lexical, syntactic, and semantic features

to generate a set of hyp otheses ab out sp eech act typ e. The set of hyp otheses was then

further �ltered, by testing for each the plausibility of inferences which it would license ab out

relev ant prop ositional information in context. If these inferences were in contradiction to the

current knowledge state, this would b e grounds for elimination. If the remaining sp eech act

interpretations provided an inadequate basis for action, Allen-style reasoning [Allen, 1983]

could b e invoked. One hop e was that this mo del would have go o d real time prop erties,

and the fact that this mo del is sensitive to surface characteristics of an utterance makes

it a go o d candidate for recognition in sp oken dialogue, where forms may b e incomplete or

interrupted.

22 of p ossible next actions by either party

. Imp ossible actions are represented in the table by

blanks. If one is in a state and recognizes an imp ossible action by the other agent, there are

two p ossibilities, the action interpretation is incorrect, or the other agent do es not b elieve

that the current DU is in the same state (through either not pro cessing a previous utterance

or interpreting its action typ e di�erently). Either way

, this is a cue that repair is needed

and should b e initiated. One also always has the option of initiating a new DU, and it may

b e the case that more than one is op en at a time. If a DU is left in one of the non-�nal

states, then its contents should not b e seen as grounded.

Next Act In State

S 1 2 3 4 F D

Initiate

I

1

Continue

I

1 4

Continue

R

2 3

Repair

I

1 1 1 4 1

Repair

R

3 2 3 3 3

ReqRepair

I

4 4 4 4

ReqRepair

R

2 2 2 2 2

Ack

I

F 1

�

F

Ack

R

F F

�

F

ReqAck

I

1 1

ReqAck

R

3 3

Cancel

I

D D D D D

�

repair request is ignored

T able 4: DU T ransition Diagram

This �nite state machine has b een constructed by analyzing common sequences of utter-

ances in the TRAINS corpus, guided by intuitions ab out p ossible continuers and what the

current state of knowledge is. It can b e seen as doing much the same kind of work as Clark

& Schaefer’s Contribution mo del. This network serves mainly as guide for interpretation,

though it can also b e an aid in utterance planning. It can b e seen as part of the discourse

segmentation structure describ ed in [T raum, 1991a]. It can b e a guide to recognizing which

acts are p ossible or of highest probability

, given the context of which state the conversation

is currently in. It can also b e a guide to pro duction, channeling the p ossible next acts, and

determining what more is needed to see things as grounded. It is still mainly a descriptive

mo del; it says nothing ab out when a repair should b e uttered

3

, only what the state of the

conversation is when one is uttered. W e can ev aluate this mo del on correctness by checking

to see how it would divide up a conversation, and whether it seems to handle acknowledge-

ments correctly . W e can also ev aluate it as to its utility for pro cessing, whether it serves as

a useful guide or not. The typ e of b ehavior it describ es can also b e analyzed in terms of the

preconditions and e�ects of actions, as sketched in [T raum, 1991b], but having an explicit

3

except in the obvious case after a ReqRepair (states 2 and 4)

21 has b een completed, or just what it would take to complete one, only certain patterns

of actions are allow ed. F or instance, a sp eaker cannot acknowledge his own immediately

prior utterance. He may utter something (e.g. \ok") which is often used to convey an

acknowledgement, but this cannot b e seen as an acknowledgement in this case. Often it

will b e seen as a request for acknowledgement by the other party

. Similarly

, a sp eaker

cannot continue an utterance b egun by another sp eaker. Dep ending on context, this will

b e interpreted as either an acknowledgement (e.g. if one is just completing the other’s

thought), a repair (if one is correcting to what should have b een said), or an initiate of

a new DU (if this is new information).

W e can identify at least seven di�erent p ossible states for a DU to b e in. These can

b e distinguished by their relev ant context: what acts have b een p erformed and what is

preferred to follow, as shown in T able 3.

State Entering Act Preferred Exiting Act

S ||| Initiate

I

1 Initiate

I

Ack

R

2 ReqRepair

R

Repair

I

3 Repair

R

Ack

I

4 ReqRepair

I

Repair

R

F Ack fI;Rg

Initiate fI;Rg

(next DU)

D Cancel fI;Rg

Initiate fI;Rg

(next DU)

T able 3: Meanings of Discourse Unit States

Acts in this table are sup erscripted with the initial of the agent who p erforms them,

\I" for the Initiator, and \R" for the R esp onder. State S represents a DU that has not

b een initiated yet. State F represents one that has b een grounded, though we can always

add on more, as in a further acknowledgement or some sort of repair. State D represents

an abandoned DU, ungrounded and ungroundable. The other states represent DUs which

still need one or more utterance acts to b e grounded. State 1 represents the state in which

all that is needed is an acknowledgement by the Resp onder. This is also the state that

results immediately after an initiation. However, the Resp onder may also request a repair,

in which case we need a repair by the Initiator b efore the Resp onder acknowledges, this is

state 2. The Resp onder may also repair directly (state 3), in which case the Initiator needs

to acknowledge this repair. Similarly the Initiator may have problems with the Resp onder’s

utterance, and may request that the Resp onder repair, this would b e state 4.

Although these states have acts which are in some sense pr eferr e d, any of a numb er

of acts can follow at any given state. T able 4 shows a �nite state machine which gives

the p ossible transitions from state to state and tracks the progress of Discourse Units.

The entries in the table signal which state to go into next given the current state and the

utterance act. A Discourse Unit starts with the utterance of an initiate (state S), and is

considered completed when it reaches the �nal state (state F). As can b e seen, however, it

may continue b eyond this p oint, either b ecause one partner is not sure that it has �nished,

or if it gets reop ened with a further repair. At each state, there are only a limited numb er

20 in the conversation. The turn is crucially imp ortant in recognizing turn-taking attempts,

since the turn-taking acts are formulated in these terms. A take-turn attempt may only b e

p erformed by an agent without the turn, whereas a release-turn, and keep-turn may only

b e p erformed by the current turn holder. A take-turn attempt can b e recognized as any

sp eech by a non-turn-holder. The other notions are more di�cult to distinguish.

L o c al initiative

2

can b e glossed as providing the answer to the question of who has most

recent discourse obligation - who is exp ected to sp eak next according to the default plans

for simplest satisfaction of conversational goals. E.g. a question or request will pro duce a

discourse obligation on the other party to resp ond to the request (either by satisfying it,

accepting it as a resp onsibility to b e p erformed later, or denying it). If there are no lo cal

obligations, the lo cal control may b e derived from the higher level goals and exp ectations,

such as the top-level plan in Figure 6.

Certain indications signal either a keep-turn (e.g. �lled pauses, lengthened words, pauses

at non-constituent b oundaries, and \continuing intonation") or release-turn. Lo cal initiativ e

is imp ortant in determining whether a neutral utterance ending is seen as a keep-turn

or release-turn. Thus a question will imp ose a discourse obligation on the listener, and

although the current sp eaker may retain the turn and follow the question with, for example,

a clari�cation, the next neutral ending will b e seen as a release-turn. In an analogous way

, if

the current sp eaker makes a neutral ending when she is still exp ected to sp eak, e.g. after an

intro duction or in the middle of a list, then this is still keeping the turn. In conversations

such as those in the TRAINS corpus, where verbal acknowledgements are imp ortant for

grounding the content, there is always a mild obligation on the listener to resp ond, and

thus it takes an explicit continuation signal (either intonation or content) to prevent a

neutral ending from releasing the turn.

4.2 Grounding Acts and DUs

Recognition of Grounding Acts is highly dep end ent on the lo cal linguistic context. Only

certain acts will b e p ossible for an agent to p erform in a given state of the conversation, and

the same utterance will b e interpreted di�erently based up on its surroundings. Section 4.2

describ es a �nite automaton for tracking the state of a current DU, outlining the preferred

and p ossible acts from each state. Section 4.2 then relates some principles for recognizing

particular acts in utterances, given these states.

Construction of Discourse Units

W e name the agents taking part in constructing a DU as follows: the Initiator is the one who

p erforms the initiate act to start o� the DU. The other participant is called the R esp onder.

Agents may take di�erent roles in di�erent DUs in a mixed initiative conversation. A

completed Discourse Unit is one in which the intent of the Initiator b ecomes mutually

understo o d (or gr ounde d) by the conversants. While there may b e some confusion among

the parties as to what role a particular utterance plays in a unit, whether a discourse unit

2

Roughly the same notion as Contr ol in [W alker and Whittaker, 1990], although we use a more �ne-

grained notion of utterance typ es.

19

(2)), (7), and (8), completing the plan construction phase.

The plan ev aluation phase is b egun by DU #13, which is a request to ev aluate the whole

plan in DUs #3 through #12, referred to by the strongly intonationally marked \THA T"

in UU 17.1. This plan is to b e ev aluated in terms of satisfying the goal set forth in DU #1,

as can b e determined with access to the top level decomp osition in Figure 6. The system’s

�rst reply

, UU 18.1 is a calculation of the time this whole plan will take. The timings were

never brought out in the conversation, but S has the information that it takes 3 hours to

go from Avon to Dansville, almost no time to couple to the b oxcar, 1 hour to move to

Corning, 1 hour to load the oranges, and 2 hours to travel to Bath. Thus the whole plan

takes 7 hours, and with a starting time of midnight that adds up to 7am as the time of

plan completion. This inform supp orts the requested ev aluation, and then S accepts the

plan and provides the answer to the question with UU 18.3. M expresses his own approv al

with DU #15, and the participants now have a grounded plan which they mutually accept

as satisfying the grounded goal, and the conversation is completed.

At a lower level of argumentation, we have discourse coherence cues for argumentation

relations. Q&As for grounding information content are seen in DU pairs #3&#4, #5&#6,

#7&#8, and #13&#14. DU #11 elab orates on the plan suggested in DU #9, and this is

further elab orated in DU #12. W e have many suggest & accept pairs as well, often within

the scop e of a single discourse unit (e.g. DUs #1, and #11).

4 Recognizing Con v ersation Acts

Agents participating in discourse are primarily concerned with problem solving, informa-

tional, or so cial goals. The pro cess of serving these goals through discourse includes recog-

nition of the v arious conversation acts. Although the recognition pro cess v aries according

to the class of conversation acts, common elements emerge. F or example, each recognition

engine can b e thought of an evidence combination device, which monitors sp eech input

for certain sets of features. The features serve as evidence for a range of interpretations

within the class of acts, but may b e overridden by evidence from other features. Also,

recognizers may have additional sources of evidence, such as predictions based on previous

conversational state. An example of this is the state accumulated in tracking a discourse

unit through a sequence of grounding acts (see Section 4.2).

4.1 T urn-T aking Acts

Recognition of turn-taking acts is highly dep end ent up on the so cial setting and discourse

context. Some so cial settings have preallo cated turns or highly formalized turn selection

pro cesses. Others have one participant who serves as an arbiter \granting" the turn to a

requesting party

. In casual conversation, the turn-taking pro cess is generally determined

on-line, through use of the same channel that the turn-taking system is regulating.

Two contextual notions are useful for tracking turn-taking in casual task-oriented con-

versations such as those in the TRAINS domain, these are the turn and lo c al initiative.

Each of these may b e said to b e held by one (or none) of the participants at any given time

18

Move Oranges to Bath

Load Boxcar with Oranges

Move Boxcar to

Oranges Loc.

Couple Engine to

Boxcar

Move Engine to

Boxcar Loc.

Locate Oranges

Locate Engine

Locate Boxcar

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

11,12:15.1

12:15.3

2,12:15.2

12:15.4

{7,8},9

9,10*,11

9 =E1

11 10 @ Bath*

@ Dansville

@ Corning

2?,{3,4}

@ Avon

{5,6}

Figure 8: Domain Plan for Moving Oranges to Bath

Figure 2 rains orld Set-up for Example Conversati

Move Oranges to Bath

Load Boxcar with Oranges

Move Boxcar to

Oranges Loc.

Couple Engine to

Boxcar

Move Engine to

Boxcar Loc.

Locate Oranges

Locate Engine

Locate Boxcar

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(8)

Planfor MovingOranges toe can track the connectionsb etween thearious suggestions in theconversation transparentlyusingthisabstractplanrecip conversationalreferencestothedomainplan recip e areshown in FigureThe numb ers b eneath the actions represent DUs in which these steps are describ Thfor example,

Action

(4), moving the to the b oxcar lo cation is mentioned in DUs 9, 10 (which is left ungrounded) and 11.(5) is referred to in DUs 11 and 12, sp eci�cally in UU 15.1 of DU initial orld set-up in Figure 2 is rep eated here for convDU #2 mentions

Action

(6), sp ecifying as well, the lo cation of the oranges (3) but the particular b oxcar said ab ove, whether this act is grounded or not is not b M immediately go es on to ground (3) explicitly in the Q&A argumentation consisting of DUs #3 and #4 DUs #5 & #6 ground the enablement from

Action (1) to Action (6) (shown only indirectly in Figure 7 through

Actions (4) (5)). DUs #7 & #8 ground the lo cation of the Engine

(part of (1)), and DU #9 elab this identi�cation, naming the engine as wdomain planning b ehind these has �nally gotten to the deep est p oints in the dep end encies, and thus the �rst steps in #9 also b egins to mention

Action

(4), but b efore the destination can b established (UU 9.3 b egins to suggest a destination), the repair of the Engine name,

10.1, o ccurs and this needs to b e #10 and it’s replacement #11 elab on DU #9, �lling in (2), and completing #11 then go es on to suggest continues the elab oration, rep eating the suggestion of (5) in UU 15.1, and then on in the next three utterances to suggest (6) (which may have already b een suggested

-whatthe conversationisb eingused bytheparticipating agentstoAlowlevel, cross-domain rhetoricalpractices are more common - it do esn’t matter so mucwhat the task is, there are standard conventional means of achieving The top level argumentation acts in the TRAINS Conversations are shown in Figure The Managermust �rst sp ecify the goal, then the participantsmust construct the plan the System must verify that the plan meets the agreed up on goals. While, due to di�ereninitial knowledge, the Manager is primarily resp onsible for sp ecifying the goals and for verifying the plan, all parts of this pro cess must b e grounded to the satisfactib oth parties for the conversation to pro ceed and conclude for constructing the plan is left unsp eci�ed by the domain, although in the convwe have collected in [Gross et al., 1992] the System plays a mainly passive role (as in dialog),o�ering his own suggestions only when ask

Specify Goal

Construct Plan Verify Plan

TRAINS Conversation

Figure Level rains Conversation e can see that our sample conversation breaks very neatly along this top-level #1 is the goalsp eci�cation, DUs 2-12are concerned withconstructing the plan, DUs 13-15 are concerned with verifying the things turn out so neatly here an artifact of the y of the goal in this more complex the breakdown is more often by a vertical decomp osition, where a subgoal is sp eci�ed then the plan to achieve that subgoal is constructed and veri�ed at which p oint the pro rep eats with another the steps of constructing and verifying the plan evwithin a sp eci�ed subgoal are often in[Po 1991] presents a slightly di�erentop level decomp osition based on this tighter The construction of the domain plan is based on standard plan reasoning tecapplied to the TRAINS domain erguson, 1991].Figure 7 provides a typical plan p osition for this problem (shipping a b oxcar of oranges to Bath) in a situation such as in which b oxcar and oranges and engine are all initially in separate lo in the plan are numb ered arbitrarily for ease of reference, and the arrows represenenabling dep endenc ies in the p erformance of the actions. example Action (5), engine to the b oxcar, cannot b e p erformed until the engine has b een moved to lo of the b oxcar, which in turn cannot b e p erformed until the lo cation of the b oand the engine have b een idencourse, we may talk ab out these actions in any a numb er of orders, not just the order of eventual

it is notalready Thesurfaceactions inDUs#3,#5, and#7areall clearly checkactions inspiteof declarative form, in virtue of theresp ective knowledge preconditions

[Bunt,

Beun,

1989]. A check di�ers from an ordinary es-No question in that for a es-No initiator do es not know the answer, whereas for a check the initiator do es know is making sure b oth conversants are in synccheck is also of the question typ e the inform typ e, as it requires p ositive con�rmation, not just neutral acknowledgemenUU 4.1 with ay" do es not satisfy the discourse obligation, and replacing

\oh" - which signals a change in information state in the \oh" pro ducer

(see

[Heritage,

1984]) violates the presupp osition b ehind the utterance that this information was knoby the resp e can see by lo oking at Figure 2 (which b oth conversants had indep enden t access that the contents of DUs #3, and #7 were already ately knoknowledge in #5 is background knowledge of the physics of the TRAINS world which could b unknown to a novice M, but it would surely b e known to S, and the con�dent of voice do es not indicate a YNQ.

Given that the background knowledge and proso indicate a check for each of UUs 3.2,

5.1, and 7.1, it is unnecessary to regard

5.2, and 7.2 as repairs, as we might do if we had initially considered these DUs conIn addition, DUs #3 and #7 might have indirect suggestion is consistento regard UU 3.2 as suggesting which oranges to use in the plan

(although this could havb done previously with UU 3.1 or subsequently with

15.2,

15.3).It is also consistento regard UU 7.1 as suggesting the Engine to use, though this is made more explicit DU we did not have intonation to mark these acts as checks, and since the p ossibilities are ruled out by the domain knowledge, these suggestions would b e our likely alternative

(see raum,

1991a] for examples in another dialogue where this is the case). As it stands, we can not b e sure exactly what was meant or understo o d, it do esn’t matter for the success of the conversational a like manner, DUs #4 and #8 have surface forms of Inform-if (a sp of inform telling whether or not a prop osition is deemed true), though they may also b accepting the suggestions describ ed ab ovUU

13.1 in DU #10 clearly b egins a suggestion, a followup to that in DU #9, but it cancelled and do es not app ear in the �nal #12 ends up as one big comp ound suggestion which is acknowledged but accepted with UU this is not an accept (as UUs 2.1,

12.1, and 14.1 are) indicated by the lengthening of the second syllable which suggests a lack of commitment.

That M also interpretated it this way is suggested by his followup request in UU 17.1,

asking for aluation of this prop osed

Unlike the other classes of acts describ ed here, argumentation acts build up hierarchicallwithin the same

Athe high level, acts are mainly ative of the domain

(sup with thep erformingagent),andtheUUswhichcomprise#10) have theirUU list concludedwith a#2’s status is (see discussion b elow)hence the \?*". UUs which were intended to b e part of the DU, which were abandoned (e.g. UU 9.3,18.2) are listed in they were can also b e seen in Figure 5 by the UU arguments of their successor acts, which refer prior Initiator Sp eech Act typ

inform suggest(goal) accept inform suggest check

?suggest

3.3 inform-if

?accept check

5.2 inform-if check

?suggest

7.2 inform-if

?accept suggest accept

9.2 (9.3) 10.1 11.1 suggest suggest accept suggest

15.2 15.3 15.4 al) inform accept

(18.2)18.3 al able 2: DU Acts from ConversatioIn DU #1, M b oth informs S of the designated problem and suggests that this b e goal of the plan they are several paths by which this utterance can b recognized as a one is inference from S’s exp ectation that M will prop ose suca goal

(see

Section

3.4).A second is that in a co op erative environment an inform of a can b e su�cient to convey the suggestion of addressing S’s acknowledgement in UU grounds the DU and also accepts the suggestion to work on achieving the suggested UU 3.1 in DU #2 also provides two core

Sp eech acts - a literal inform of the obligatiand an indirect suggestion of a necessary subaction which can b e recognized as such in context of problem-solving in the TRAINS is uncertain whether or not DU is ever content certainly ends up in the �nal plan, but it could havgotten there just as well through DUs #3, #11, and 4.1 might b e an (implicit)

acknowledgemenof DU #2 as well as of DU #3, but this is not p

is that UU 6.1 acknowledges DU reasoning for this is as follows:UU 6.1 DU#5,claiming tohaveundersto o dUUUU5.1usesade�nitereferenceb oxcar" which is not licensed by non-linguistic context

(The map in Figure 2 shows than one b oxcar, any of which would b e �ne in a plan to move oranges to The thing that licenses this use is the mention of \a b oxcar" in UU 3.1 - the b oxcar which has get to Corning to get the oranges. So by claiming understanding of UU 5.1, S is claiming understanding of (at least part ) UU 3.1, and thus grounding at least that

rep lexeme, thoughwithdi�erentintonation) andtheimplicit typ e-a�rmingchecks made in the previous UUs 3.3,

5.2, and 7.2 are all requests for acknowledgement, making more explicit intense the discourse obligation to acknowledge the current DU which is normally an plicatureofarelease-turnafteraninitiatealternative interpretation forgrounding actsp erformedby theseutterances would b eto seethemas tag-style to the Core

Sp eech Act typ es in their resp ective DUs changing the typ es from informs questions, but this analysis is deemed unlikely for reasons given in Section

3.3, b eloInitiate can b edistinguished from continue mainly by conthere is an grounded op en DUforwhichthe currentutteranceformsasyntacticcontinuation,currenutterance isseen asacontinue. The verysameutteranceo ccurring afteran injected acknowledgement is an initiateof a new DU. Thus UU 15.2 is a continue,15.1isaninitiate,thoughon thesyntacticlevelandthedomainplanlevelb just continue the plan from UU that if the acknowledgement in UU 14.1 wabsent,15.1 wouldb emarked asa continue as wfurther that 3.2 is lab an initiate, in spite of DU #2 still b eing op en and is b ecause of abrupt change in sentence and sp eech act b etween 3.1 and 3.2.The imp ortance of the tinction is this:when we get an acknowledgement, how much stu� is b eing acknoA backchannel acknowledgement such as UU 16.1 grounds the entire DU - the in 15.1 and the subsequent continuations in 15.2,

15.3, and do es not ground

13.2,

b ecause that is already

Similarl4.1 explicitly grounds only 3.2 and 3.3, leain question whether 3.1 is grounded

(see discussion b eloThe status of UU 9.2 is also somewhat controversial - relying mainly on one’s theory sentence syntax and whether it is repairing a (p otentially) inadequate referring

(\the engine at Avon") in UU 9.1, or the two together form a complex referring giving b oth name and lo seems that certain complex syntactic phenomena such asides, vo catives, tags, and left and right dislo cation might p otentially b e seen as actswhicharereallyconnected onlybyconversational structure,butadetailedprop is b eyond the scop e of the present work (but see also [McCa, 1988] 763-766,

[McCa1989] for a similar prop This conversation has no repair-requests (assuming the ReqAck analysis for UU 3.3, 7.2),but asimpleexamplemightb e ifUU 10.1had hadarisingintonation,orwreplaced with

\engine

UU13.2 canb e seenasacancelofDU#10,aswellasanewinitiate,invirtuethe \or"and \actually"suggestion in 13.1to move Engine E1 to Bath abandoned andleftgrounds the suggestiontomove toDansville,the disjunction of Bath or explicitcanceldistinguishesDU #10,whichcertainlyungrounded fromDU #2, whichhas amorequestionableEvUU 3.2 initiates a new DU, it is still p ossible to ground DU #2 after this p oinand

Core h able 2 shows more information ab out the DUs in the conversation, listing for each which agent was theinitiator, what were the typ esof its constituent

Core

Sp eech

Figure 5 shows the conversation from Figure 1 lab elled with the grounding acts whiccorresp ond to each Eacact is subscripted with the numb er of the DU whicit is a Continues, and demonstration style acknowledgements have parentheses the UU which they are most directly connected UU UU# Sp eak

init a, the problem is we b etter ship a b oxcar of oranges to Bath by 8 ack ainit

now ... umm ... so we need to get a b oxcar to Corning, where there are init

there are orangesat reqack

righack

init

righack

init

so we need anengine to move the b oreqack

righack

init

righack

init

so there’s an engineat

Avreqack

righack

init

righack

init

so we should movethe engine at Avrepair

engine cont

to .. repair

engine ack

ack engine E1, to Bath, to cancel

init

or, we could actually move it to Dansville, to pick up the b oxcar ack um and ho ok up the b oxcar to the cont

move it from

Dansville to cont

load up some oranges into the b ocont

and then move it on to ack how do es T ack

init

that gets us to Bath at 7 cont

and cont

so that’s no ack

init

go o ack

Figure 5: Convwith

Grounding e can see all three typ es of acknowledgements in this short

11.1 is style acknowledgemenrep of

\E1" by M demonstrates explicit of the repair in 2.1,

12.1,

14.1,

16.1, and 20.1 are backchannel acknowledgemenreceipt but not demonstrating what they are ackno5.1,

7.1, and 19.1 are implicit acknowledgements, recognizable as initiations of DUs whose contenare next steps after the current DU in argumentation level

Th5.1 and 7.1 covsteps in the domain plan

(see

Figure 7, b elow), and 19.1 gives a ant 4.1,

6.1, and 8.1 are a middle ground b etween the paraphrase typ e (in virtue of

engineE1,toBath,.........*..13.2 or, we couldactuallymove it to Dansville,to pick up the boxcar* * 14.1 hook up the boxcarto the ......H*.....H

move it from Dansvilleto Corning,

load up some the ...............and then move it on to * * 16.1 how does THAT ...H*...that gets us to Bath at and .........18.3 so that’s no 19.1 20.1 4: TRAINS Domain Conversation with Intonationaleatures - Second P okay,theproblemis webetterboxcaroforanges to82.1.........now...umm...need to get aCorning,where there are there are oranges at3.3 4.1 sowe need an engine to move the 5.2 6.1 sothere’s an engine at 7.2 8.1 .. .sowetheengine atAvon9.2engine9.3to..10.1engine11.13: TRAINS Domain

Conversation withIntonational P

Acts in the Sample e have distinguished four very di�erent communicative functions, and intro duced actions that serve eacNowewill show howthesecommunicative functionsrealized in our conversation3and 4showthe TRAINS conversationfrom�gure 1again, withanfeatures annotated using thePierrehumb ert pitch description systemrehumb ert and Hirschb erg, system uses two underlying pitch and L (lointonational phrase is comp osed from lexical pitch accents stressedsyllables markedwith\*"),aphraseaccentattheendofeachintermediatea

�nal b oundarytone designated with is also a scheme for realizatiof these underlying pitch features in the judgements were made reference to pro cessed digitalsignals, so the reader must use them only as a rough e have marked only clearly identi�able features of the utterances;

note that the of the text into lines often corresp onds to a phrase accent but not an utterance b tone.

have also annotated

�nal lowering, a less lo cal phenomenon, with urn-T urnakingactsaredi�culttoillustrate withatranscript,sincetheydep end heaontimingandproso dicNevwewill p oint outa fewintheconvactions are realized inseveral di�erent ways in this In utterance

3.1, this is the main purp ose of the items

\now" and \nocouldalso signal a topicshift

(from sp ecifyingthegoal to working ontheplan,Section3.4 b elothis would still b econsistent with the fact that M has clearly thought out what to say next, and wants time to work it out rather than letting S take ovor p ermitting awkward the same vein, the at end of 3.1 might momentarily b as a release-turn, but the quick start of UU 3.2 is a clear kstretcendings in 15.1-15.3 all signal keep-turns as well, allowingcontinuation past b oth b oundary and semantic completion

(see ord and actions are, in the ReqAck forms

3.3,

5.2, and 7.2, signalled by contours.

turn is also released after the wh-question form in 17.1, and after declarativsen1.1,

15.4 and that in a two-party conversation there is relativeldi�erence b etween a release-turn and an assign-turn, since there is only one p otenresp ondeneach turn, a take-turn action o ccurs at the b eginning of the �rst

(b of utterance x.1 for any sp ecial note is the pause in 9.3, which S takes an opp ortunity to insert repair

10.1 although there is no prior release-turn from

This conversation is unusual in having no overlapp ed sp eech or o or contention.

from this study

[Gross et al.,

1992] contain many examples of take-turn and kturn acts which fail when the other party do es not yield the also contain release-turns and assign-turns, where the o or is not taken up by the other part

UUe p osit a series oflowlevel acts tomo del the turn-taking pro cess [Sacks et al., The basic acts are keep-turn, release-turn

(with a subariant, turn) and take-turnTheremay b eseveral turn-taking acts ina singlestart of anmight b e a take-turn action (if another party initially had the turn), the main part the utterance might b e keeping the turn, and the end mightrelease Conversanattempttheseactsby anyofseveralcommonsp eech patterns,rangingfromprop ositional

mesay something")tolexicalinUU3.1)toManactsaresignalled withdi�erentintonationpatternsandconversancan attempt a turn-takingaction at any time, it willb e a matter of negotiatias to whether the attempt Conversatiparticipants may engage in a \ o battle" where one tries to keep the turn while another tries to take Participantmaalso use plan recognition on seeing certain kinds of b ehavior to determine that the party is attempting to p erform a particular act and, if co op erative, may then facilitate (e.g. from taking a turn when signalled that another wants to keep it, or when another wants to take the Any instance of starting to talk can b e seen as a take-turn e say that attempt has succeeded when no one else talksat the same time (and attentionis given to sp eakIt may b e the case that someone else has the turn when the take-turn is this case, if the other party stops sp eaking, the attempt has b eenIf the new sp eaker stops shortly after starting while the other party continues, we say the take-turn action has failed and a keep-turn action by the other party has If b oth parties continue to talk, then neither has the turn, and b oth actions

Similarl, any instance of continuing to talk can b e seen as a keep-turn sound patterns, such as \uhh", seem to carry no semantic content b eyond keeping the Pauses are opp ortunities for anyone to take the \Fillipauses with such

\uhh" can signal desire to keep the turn through what might otherwise b e seen as release-turn.pauses are marked by context

(e.g a previous topic intro duction request) as to who has the Evhere, an excessive pause can op en up the p of a take-turn action by another conversanRelease turn actions are usually signaled by inAssign-turn actions are a class of release-turn in which a particular other agent is directed to sp eak next.

form of this is a question directed at a particular is naming the sp eakact, which would b e necessary in a face-to-face, or multi-channel commwould b e pass-up-turnBack-citems such as ay" and other of attention such as gestures are often

[Yngv1970;

Duncan and Niederehe,

1974])

together as not taking a turn, leaving the previous sp eaker in control.Because our domain setting) all of these items must pro ceed through the same

(the audio) cthe other sp eaker do es stop and wait for the resp onse b efore pro ceeding on (e.g utterance

13.2 - 15.2) we analyze these short utterances as a take-turn followed quicby a release-turn. The only thing we might classify as pass-up-turn would b e

initialutterancecomp onentofaDiscourseunit- traditionally thisalone hasb een consideredsu�cienttoaccomplish thecoresp eechact. usually corresp onds to the (�rst utterance in the) presentation phase of a top levContribution in [Clark and Schaefer, Contincontinuation of a previous act p erformed by the same sp eakPof a arate phonetic phrase, but syntactically and conceptually part of the same also includes restart-continue, which is where some part of the utterance is rep eated b efore continuing example, the comp ound plan elab UU 15.2-15.4 in Figure 1 are all (at the Grounding Act Level) continuations the DU b egun by UU AcknowlShounderstanding of a previous may b e either a rep or paraphrase of all or part of the utterance 11.1), a ackchannel e.g. 2.1, 16.1), or implicit signalling of understanding, such as by pro ing with the initiation of a new DU which would naturally follow the current one the lowest level argumentation Tcases of implicit acknowledgement answto questions, (e.g. UU 18.1). Acknowledgemenare also referred to by as on�rmations and Levesque, 1991])or es Schaefer, prefer the term dgement as unambiguously signalliunderstanding, reserving the term e for a Core Sp eech Act signalling ment with a prop osed domain Changes the content of the current DU. This may b e either a correction of viously uttered material, or the addition of omitted material which will change interpretation of the sp eaker’s intenrepair can change either the contenor Core Sp eech Act typ e of acts in the current DU tag question can can Inform to a YNQ). Repair actions should not b e confused with domain tions, and other memb ers of the ation Class of course Plans from [Litman and Allen, are concerned merely with grounding of content. Domain clari�cations are argumentation A request for for a repair by the other partis alento a Next urn air Initiator [Scheglo� et al., Often a can b e distinguished from a repair or acknowledge only by intonatioinvoka discourse obligation on the listener to resp ond with either the or an explicit refusal or p ostp onement (e.g a followup ReqAcAttempt to get the other agent to acknowledge the previous invoka discourse obligation on the listener to resp ond with either the acknowledgement, or an explicit refusal or p ostp onement (e.g a followup repair o� the current DU as than repairing the current a cancel abandons it; the underlying intention, if it is still held, must b e expressed a new DU. An example of a cancel is UU 13.2, which retracts the suggestion in UU 13.1) to go to Bath for the needed Boxcar b efore S has a chance to resp

LevTyp

release-turn

ContinueRepair ReqRepair

Sp eechWHQYNQRequestRejectEvalReqPerm

MultipleArgumenClarifyConvince

ConversatioActTyp e may build higher level discourse acts out of combinations of core sp eech acts. e mafor instance, use an inform act in order to summarize, , or elab orate prior convvery common argumentation act is the Q&A pair, used for gaining informatimay use a combination of informs, and questions to convince another agent of e may even use a whole series of acts in order to build a plan, such as the top-level the conversations in the TRAINS domain

[Allen and Schub ert,

1991], e.g the convin

Figure The kinds of actions generally referred to as R al[Mann and Thompson,

1987] take place at this level, as do many of the actions signalled bcue phrases, and so called ency

Pairs

[Scheglo� and Sacks,

1973].

An e Unit

(UU) is de�ned as more or less continuous sp eech by the same sp eakpunctuated by proso dic b Eacutterance corresp onds to one ounding act each DU it is a part An Utterance

Unit may also contain one or more turn-taking

(see b elow).

Grounding

Acts

isnotsurprisingthatanutterancecanenco de severalsince an utterance itself is not an atomic action, but can b e broken down into a of phonetic and intonationalarticulatiConversation

Acts mo del discourse as a collection of joint sp eaker-hearer actions, p results in meaning sp eci�c to a particular conversation and grounded to satisfactioof b oth participanConversatiActs provide a more comprehensive approaccommunication than sp eech act theory alone; one which b etter accounts for the to which meaning is conveyed at In Section Two we will intro duce four classes of conversation acts, of which acts andtraditionalsp eechacts aretwThreeisadetailedexaminationofconversation acts presentin theconversation in Figure our suggests ideas howtheclassesofactsmayactuallyb e recognizedand inFive this prop osal from similartaxonomies of conversational distinguishfour levels of action necessary for maintainingthe coherence and content convattemptsat any of these levels can b e signalled directlyby of the discourse, although usually a combination of surface features and context b necessary todisambiguateable1 from topto b ottom, progressive levtypically realized by larger and larger chunks of conversation, from turn-taking realized sub-lexically to argumentation acts which can span whole convis imp ortant to note, however, that according to the terminology of [Hallida,

1961] classes are levels of language description, and not anksis, the distinction b etwthese classes is more like b etween that of phonology and syntax rather than than b etwa word and a phrase; is no grammar which will build up a grounding act as ordered collection of turn-taking

This notion will b e elab orated on b elow in section

Core h In adapting sp eech act mo dels to sp oken discourse, we maintain traditionalsp eech sucas

Inform,

Request and Promise, referring to them as echcts. o mo multi-utterance exchanges necessary for mutual understanding of Core

Sp eech we p osit a level of structure called a Discourse

Unit

(DU). A DU consists of an initial

presentation, and as many subsequent utterances by each party as are needed to make act mutually understo o d, or dinitial presentation is b est considered a Sp eech Act attempt, which is not fully realized until its DU is minimal conan initialpresentation and an acknowledgement

(which may b e implicit in the presentation by another sp eakHowevit may also include any repairs or continuatiothat are needed to realize the discourse unit corresp onds more or less to a top levContribution, in the terminology of [Clark and Schaefer,

b implicitinS’smoreextended contributions,butheretheyareexplicitandreadily complication that arises is similarto that of the Ro ck

Star in the example.

Utterance

16.1 di�ers from its neighb ors

12.1 and 14.1 in that it signals acknoedgement , without agreemenpap er will fo cus on dialogue features like acknoedgement, which serve in co ordination and maintenance of the dialogue itself, rather as a direct part of the domain information comm h Acts to ersation approach to dialogue is a generalization of sp eech act , a theory of ctsConvacts extend prior computational sp eech act work to certain typ es co ordinated activity that take place b etween agents in a convorder to plish this, we have eliminated some assumptions common in prior sp eech act work and Perrault,

1980;

Bunt,

1989;

Cohen and Perrault,

1979;

Litman and Allen,

Perrault,

1990]),

Utterances are heard and understo o d correctly by the listener as they are moreovit is mutually exp ected by b oth participants that this will b e the Sp eech acts are single agent plans executed by the sp eaklistener is passivpresenEacutterance enco des a single sp eech

Each of these assumptions is to o strong for many of the typ es of conversations p actually havonly are utterances often misundersto o d, conversation is structured in such a waas to take account of this than just assuming that an has b een understo o d as so on as it has b een said, this assumption is not made until p ositivevidence is given by the listener (an acknowledgement) that the listener understo o d.

acknowledgements are made with explicit utterances ackchannelonsessuch as ay",

\right",\uh huh"), some by continuing with next ant resp onse second part of an adjacency pair such as an answer a question), and some by visual cues, such as head no dding, or continued eye conIf some sort of evidence is not given, however, the sp eaker will assume commfailure, and either try to repair, or request some kind of acknowledgement yget the traditionalsp eech acts require at least an initial presentation by one agenand an acknowledgement of some form by another agent, they are inherently magenthan b eing formalized in a single agent logic, they must b e of aframework whichincludesmultiple agenEach utterance can enco de parts of several di�erent can b e a presenpart of oneact as well as the acknowledgement part of another can conturn-taking acts, and b ea part of other relationships relating to larger

Sp eak a,theproblemisweb etter shipab oxcar oforanges toBath by8 anow... umm... soweneedtogetab oxcartoCorning,wheretherearethere are oranges at righrighso we need an engine to move the b orighrighso there’s an engine at Avrighrighso we should move the engine at Avengine to .. engine aengine E1, to Bath, to we could actually move it to Dansville, to pick up the b oxcar aum and ho ok up the b oxcar to the move it from

Dansville to load up some oranges into the b oand then move it on to ahow do es T that gets us to Bath at 7 and so that’s no go o Figure 1: Sample

Conversation from

TRAINS

Figure orld

Set-up for Conversation in Figure pap erconcernstheunderpinnings ofconversation,particularly themetho dsbywhicparticipants establish amutual understandingor common ground of conversational contenb pro cess of ounding

[Clark and Schaefer,

1989] intro duces opp nities for meaning to di�er from classical timeless, comp ositional meaning as wIner:you feel that any of these sp ectacular events of the early

’60s, such as p olice raid on the Santa

Monica concert, that bat, that infamous bat whose head ybit o�, the, uh, the those

�rst psychedelic drug parties, you feel they had animpact on your career, like, enhanced your reputation with the adolescent

Ro ck

Star: es.No.Bill,

Ib elievemyriseto famewasWhen viewed solelyat the ordinarylevel of meaning, the Star’s resp onse may app Howevthe initial\yes" serves in this context not as an Answer to the tion p osed, but rather, it grounds the question itself and communicates that the Star understo o d Grounding mechanisms are essential to the progress of sp oken conversation, as a lo ok at extendeddialogue revFigure1shows atranscriptofa shortconversationtakenfromthe TRAINS domain transcript can b e read as follo�rst column liststhe utterance (UU) numb numb is by turn on the leftside of the \.",and utterance withinthe turn to the righttheThUU15.3isthe3rdutteranceinthe15thfor the of utterance units are given in jimaand Allen, goal of the TRAINS

[Allenand Schub ert, 1991]isto build an intelligentplanning assistantthatcan commwith a human manager in natural language, aiding the manager to construct and in a transp ortation and manufacturing Once constructed, plans are by (simulated) remote agents such as train engineers and factory op is drawn from a target corpus of sp oken conversations with a p erson playing the role of In these dialogues, the manager (M) brings to the system (S) a task to accomplish this the conversation in Figure 1, this task is revealed in utterance 1.1 - to a b oxcar of oranges to Bath by 8 am (the current time is midnight).M has a map of domain, shown in Figure S has a similarmap and access to additional information, sucas the time required for transit and loading and manufacturing and S are cwith constructing a plan to satisfy this task

(which the actual computer system would convey to the agents in the(simulated)

TRAINSworld for Oneofthemoststrikingfeaturesoftask-oriented dialoguesisthep asiveness ofknowledgementand agreementShadmoreinitiative,somesuchsignalsmigh

TRAINS

Conversation

91-6.1 in [Gross et al.,

Acts inenDavid R. raum

Elizab eth A. Hinkelman

Computer

Science

DepartmenUniversityRo cStuhlsatzenhauswRo chester, New ork D-W-66 Saarbruecken

Germantraum@cs.ro chinkelman@dfki.ecRep ort A linguistic form’s comp ositional,timeless meaning can b e surrounded or even conby arious so cial, aesthetic, or analogistic companion pap er a series of problems in the structure of sp oken language discourse, including turn-taking oundingviews these pro cesses as comp osed of �ne-grained actions, which resemsp eech acts b oth in resulting from a computationalmechanism of planning and in having rich relationship to the sp eci�c linguistic features which serve to indicate their The resulting notion of Conversation cts is more general than sp eech act , not only the traditionalsp eech acts but turn-taking, grounding, and higher-levgumentation acts as wthe traditional sp eech acts in this scheme b fully joint actions, whose successful p erformance requires full listener

This pap er presents a detailed analysis of sp oken language shows the of each class of conversation acts in discourse structure, and discusses how memb ers of eacclass can b e recognized in conversatioConversatioacts, it will b e seen, b etter accounfor the success of conversation than sp eech act theory

o app ear,

TIONAL

INTELLIGENCE

Sp ecial

Approaches to Literal

Language, vol 8, no 3, August supp orted in part by the NSF under research grant no. IRI-9003841, by ONR under research grant

N00014-90-J-1811, and by DA/ONR under contract supp orted by the