Acknowledgments in Tutorial DialogueStefan Brandle and Martha EvensDepartment of Computer Science & Applied MathematicsIllinois Institute of Technology10West 31st Street, Room 236Chicago, IL 60616-3793{stefan,csevens}@steve.csam.iit.eduAbstractIn this paper we discuss an imporant aspect of humantutorial dialogue—the use of acknowledgments—and present acritique of earlier work on the use of acknowledgments insynthesizing tutorial dialogues for Intelligent TutoringSystems (Evens et al, 1993). Our goal is to establish a moresolid theoretical base for studying and synthesizing tutorialdialogues than what was used in the earlier work. Aproposed foundation for this study is the idea of languageuse as a joint activity composed of joint actions, presentedby Clark (1996). It appears to provide a more powerfulconceptual linguistic framework within which to describethe behavior of human tutors and shows promise as a guidefor synthesizing tutorial dialogues in Intelligent TutoringSystems. In particular, we are investigating the role ofacknowledgments as the mechanism that makes joint actionpossible. It is our thesis that an acknowledgment is anythingthat signals closure or lack of closure of a joint action.IntroductionWe have built an intelligent tutoring system, CIRCSIM-Tutor, that carries out a natural language (text-based)tutorial dialogue with medical students. The system goal isto help the students develop a better mental model of themechanisms that control blood pressure in humanphysiology. The system design is based on the analysis oftranscripts of medical professors tutoring their students inthis domain. We have a running system that models thebehavior of our human tutors and are now studying thetranscripts in order to develop a better understanding of allaspects of successful tutoring. The goal is to use thelinguistic and tutoring knowledge gleaned from thetranscripts in order to improve the linguistic andpedagogical quality of CIRCSIM-Tutor. This paper dealsspecifically with acknowledgments, an important low levelmechanism in text generation, text understanding, lessonplanning, and student modeling.In order to develop a better understanding ofacknowledgments, we need a definition and theory thatwill prove productive in the enhancement of our tutoringsystem. Previous work by Evens et al (1993) proves useful,but is too ad hoc to support long-term continuedenhancement. Papers by Fox (1988) and Graesser (1993)discuss acknowledgments while analyzing repair andfeedback, but do not explicitly develop a theory ofacknowledgment.We are proposing that an acknowledgment is anythingthat signals closure or lack of closure of a joint action. Thesurface form of the signal can vary widely, but there arestandard features of acknowledgments that make it possibleto study them and enhance the ability of an intelligenttutoring system to use them.Theoretical FrameworkWe have chosen to define acknowledgments in the light ofClark’s presentation of discourse as a joint activitycomposed of joint actions (Using Language, 1996). Hefocuses on the mutual coordination of their individualactions by the participants in linguistic activity. Clark says:"There is coordination of both content, what theparticipants intend to do, and processes, the physical andmental systems they recruit in carrying out thoseintentions" (p. 59). Similar ideas are expressed by Fox(1993) who states as a major finding of her book, TheHuman Tutorial Dialog Project, that "tutoring involvesconstant, and local, management. This requires a pervasivemutual orientation between tutor and student, such thatevery session (indeed, every utterance) is a thoroughlyinteractional achievement, produced by both tutor andstudent" (p. 3).Clark says that joint actions can be divided into phasesentry, body, and exit and the phases are what getcoordinated. Entries and exits are coordinated by syntactic,morphological, and intonational markers. A joint action iscomplete when there is a mutual recognition of closure onthat action. "It is a fundamental principle of intentionalaction that people look for evidence that they have donewhat they intended to do." (p. 222) He restates Norman’sPrinciple of closure: "Agents performing an action requireevidence, sufficient for current purposes, that they havesucceeded in performing it." (p. 222) and then introducesthe Principle of joint closure: "The participants in a jointaction try to establish the mutual belief that they havesucceeded well enough for current purposes" (p. 226).This model states that there are concurrent joint actionstaking place on four separate levels. From the lowest level to the highest, they are: 1) Speaker presents a signal andaddressees attend to signal. 2) Speaker signals somethingto addressees, who identify the signal. 3) Speaker signalsthat p, and addressees recognize that the speaker means p.4) Speaker proposes a joint project and the addressees takeup the proposal. (Clark, pp. 148-151). The action at each ofthese levels is performed in order to make possible theaction at the next higher level, i.e. the speaker presents asignal in order to signal something, in order to signal thatsomething, in order to propose something. The addresseeattends to the signal in order to identify the signal, in orderto determine what the speaker means to communicate, inorder to be able to take up the proposal.Clark (and others, e.g. Stubbs, 1993) dividecommunication into two tracks or channels. The first trackis the one in which the business is transacted, such as thetutor requesting that the tutee make a prediction about thevalue of cardiac output and the student responding. Thesecond track is the metacommunication track is the one inwhich the participants monitor the success of thecommunication, make adjustments in the communicationparameters, detect and signal communication problems,and attempt to fix communication problems. Stubbs statesthat metacommunication is for "attracting or showingattention, controlling the amount of speech, checking orconfirming understanding, summarizing, defining, editing,correcting, specifying topic" (pp. 50-53).One of the categorizing features of an acknowledgmentis the degree to which it is explicitly an acknowledgmentvs. playing that role implicitly. If the utterance is "Good,your answer is correct.", that is explicitly a positiveacknowledgment. However, the utterance could instead be"Next, let’s talk about cardiac output." In this case, theimplication is that the answer was correct, but that is neverexplicitly stated and must instead be derived from thecontext and the lack of a negative acknowledgment. Arelated feature is the presence or absence of a keyword thatfunctions as a discourse marker to indicate anacknowledgment. Examples are words like "yes" and"wrong".It is worth mentioning that this proposed framework fitsvery closely with the acknowledgment protocols that areused effectively in artificial communication protocols(Brandle, 1996). This suggests that acknowledgmentdevices are central to communication in general.Application to TutoringIn our keyboard-to-keyboard tutoring environment, thelayers are as follows: 1) The tutor presses the keys on hiskeyboard, causing material to be displayed on the tutee’scomputer terminal and the tutee is attending by looking atthe screen. 2) The tutor is typing a sentence to the tuteewho reads the characters, forming words and putting themtogether into an utterance. 3) The tutor is presenting therequest "State what happens to cardiac output when heartrate increases" and the tutee understands that the speakerwishes him to determine and utter an answer. 4) The tutoris requesting that the tutee decide what happens to cardiacoutput when heart rate increases and inform the tutor of theconclusion; the tutee then takes up the joint project.Each joint action in the metacommunication track isitself a regular joint action with all the characteristics ofjoint actions; it is a joint action whose function is toaddress and redress issues arising out of other joint actions.Stubbs states that "metacommunication highlycharacteristic of teacher-talk, not only because it comprisesa high percentage of what teachers do spend their timesaying to their pupils, but also in the sense that its use isradically asymmetrical. Speakers hold quite specificexpectations that it is the teacher who uses it. It is almostnever used by the pupils..." (p. 53) An example is thefollowing level one timeout (the tutor [tu] saw nothingfrom the student [st] and performed a tutor interrupt duringthe tutee’s keyboard turn marked as [ti] in the transcripts todetermine what was happening):K30-tu-2-3: Please read page 1 in the notebook.K30-st-3-1: { TU: DO YOU NEED HELP?}K30-st-3-2: {INTERRUPTED STUDENT INPUT}K30-ti-4-1: Please enter your social security number andthen press <enter>K30-st-5-1: XXX-XX-XXXXK30-tu-6-1: Remember that you need to press enter toend each of your turns.Another example of metacommunication occurs in thefollowing transcript fragment. The tutee doesn’t understandthe term "CC" and initiates a repair side sequence to solvethe problem.K30-tu-78-2: Now take a look at your predictions.K30-tu-78-3: You said that RAP would increase and CCwould decrease.K30-tu-78-4: What will happen to SV?K30-st-79-1: Stroke volume increases, but what’s CCK30-tu-80-1: Sorry I misspoke in my last message.K30-tu-80-2: You said that RAP would DECREASEand C(ardiac) C(ontractility) wouldINCREASE.Acknowledgments in Tutoring1) Positive vs. Negative:Positive acknowledgments mark closure on a joint action.K25-tu-50-1: And what determines cvp?K25-st-51-1: Blood volume and "compliance" of thevenous side of the circ.K25-tu-52-1: Right.Negative acknowledgments signal a failure to reachclosure on a joint action.

K27-tu-28-1: Next [prediction]?K27-st-29-1: SvK27-tu-30-1: In order to predict sv you need to havepredicted its determinants.K27-tu-30-2: Try again.2) Explicit vs. ImplicitExplicit acknowledgments are such that a surface-levelinspection clearly signals the positive/negativeacknowledgment value of the utterance. In the case ofimplicit acknowledgments, the acknowledgment valuemust be derived or calculated from the context.K25-tu-52-1 above is an instance of an explicit positiveacknowledgment with a marking keyword. The tutorclearly marks the tutee’s answer as correct and signalsclosure on the joint action of establishing that the tuteeknows what determines cvp in that context.K27-tu-30-1 is an implicit negative acknowledgmentsince it doesn’t directly state that the answer "Sv" is notacceptable. It requires that the tutee build a syllogism(predict the determinants of a variable as a necessarycondition for predicting the variable), recognize theimplicit denial of the consequent, and conclude that theprediction was not being accepted and why that is the case.3) Communication Level InvolvedThere are multiple joint projects active in parallel at thedifferent levels. Acknowledgments are needed to markclosure or lack of closure for each of these joint projects. Arelevant concept is the property of downward evidence(p.148), evidence that one level is complete is alsoevidence that all levels below it are complete. In otherwords, a positive acknowledgment at level threeunderstanding implies a positive acknowledgment at layertwo (the tutee recognized the signal) and a positiveacknowledgment at layer one (the tutee was payingattention). This makes sense in view of the principle ofleast effort, "All things being equal, agents try to minimizetheir effort in doing what they intend to do." (Clark, p. 224)It is generally not possible to succeed at the level of uptakeon the joint action (level four), without having understoodthe signal (level three), having decoded the signal (leveltwo) and paid attention to the signal (level one).Consequently, a positive acknowledgment at one level alsofunctions as an implicit acknowledgment at all lowerlevels. It is worth noting that this implies that positiveacknowledgments should be issued at as high a level aspossible to obtain maximum closure on lower levels andthus maximize efficiency. It also implies that negativeacknowledgments are issued at the lowest possible level. Innormal situations (e.g., not performing face saving), if thelistener were unable to perform an uptake on the jointaction (level four) because of a failure to decode the signal(level two), it would not make sense to say "I disagree" or"I refuse" (level four) and lead the speaker to focus on levelfour when the problem is really at level two. In the samesituation, it could also be inefficient to signal a level oneproblem ("I’m sorry, what were you saying?") if theproblem was one that could not be solved by repeating thesignal (e.g., the listener cannot decode Spanish). It is worthnoting that when the speaker does not otherwise give anyclues about the acknowledgment value of an utterance, itgenerally defaults to being an implicit positiveacknowledgment.4) Track One vs. Track TwoIn the example K30-st-79-1: "Stroke volume increases, butwhat’s CC" the tutee performs a track 1, level four uptake("Stroke volume increases") and a track two, level threenegative acknowledgment ("but what’s CC"). The problemis the on-the-fly abbreviation of "cardiac contractility" to"CC". The tutee had a problem understanding the languageused. Other track 2 examples are things such as the tutorreminding the tutee to press the return key when donetyping.Application to Prior WorkEvens et al. (1993) presented a study of negativeacknowledgments and hinting in "Synthesizing TutorialDialogues." Their motivation stemmed from SusanChipman’s observation (reported in Spitkovsky & Evens,1993) that Fox’s tutors essentially never said "Wrong" or"No", whereas our system handed them out all the time.Evens et al. showed that the expert tutors used explicitnegative keywords, but only about 25% of the time; 75%of the negative acknowledgments were of a different form.They developed an ad hoc set of ten categories of negativeacknowledgment which were ranked according to severity,from most severe (direct negative response) to least severe(minor clarification by tutor).The study had a problem in that there was no seriousreference theory of acknowledgments to guide thedevelopment and ranking of the categories, or even tosupport deciding what utterances were negativeacknowledgments. This lack of a strong theory also posed aproblem for attempts to rank negative acknowledgmentcategories on a severity scale. The authors recognizedweaknesses and stated "There may also be multiple errorresponse categories contained in one continuous responseby the tutor. This is certainly not a true one-dimensionalscale, however" (p. 138). It is our belief that for many ofthose negative acknowledgments the differences are morequalitative than quantitative, and that the attempt to rankthem on a severity scale is misguided. Granted, it is truethat some negative acknowledgments are perceived asmore severe than others (e.g., K25-tu-114-1: "No, I thinkyou are reasoning backwards" is more severe than K25-st-62-1/2: "So, in dr hr is up, co is up, but sv is down. How isthis possible?"), but this doesn’t demonstrate that categoriesof negative acknowledgment are more severe than others.In general, the perceived "negativity" of a negativeacknowledgment depends more on the context and the rolethe acknowledgment plays than on the surface form of the acknowledgment.The features that we propose as providing a basis forcharacterizing acknowledgments are the following: 1)positive vs. negative, 2) explicit vs. implicit, 3) track one(normal communication) vs. track two(metacommunication), and 4) the level at which it is used(levels one through four) and 5) the presence of a keywordthat functions as a linguistic marker for acknowledgments.These are the values that a text-generation system wouldhave to consider in choosing what type of acknowledgmentto issue.An analysis of the previously-proposed ten categoriessuggests that they describe common techniques for issuingnegative acknowledgments, but that the categorization is 1)by no means orthogonal and 2) provides limited usefulnessto a text-generation system which must decide whatcategory of acknowledgment to issue. One of them, DirectNegative Response, is categorized strictly on the basis ofwhether an explicitly negative keyword is present in theutterance. Another, "Indirect" Direct Negative Response,covers all explicit negative utterances in track one or two,levels one through four, which do not contain a negativemarking keyword. A more useful categorization from theperspective of text generation would provide betterguidance in determining what utterance to issue. Forinstance, the system knows that the tutee made a mistake inpredicting that blood pressure would rise; it would notchange. This indicates a negative acknowledgment at level4 in track 1, but there remain the questions of whether thisshould be explicit or implicit, have an explicitly negativekeyword, and deciding which of the categories meeting the(negative acknowledgment, level 4, track 1) criterion n-tuple should be used. We can not, unfortunately, just matchfeatures to choose a category of acknowledgment, becausesome of the ten categories differ on the basis ofpedagogical purpose and technique, not just syntactic andsemantic features.Implicit negative acknowledgments may be betterpedagogically in that they force the tutee to work at ahigher cognitive level in order to decode the tutor’sutterances. Another case where implicit acknowledgmentsare preferred is the matter of what counts as sufficientevidence from the student for the tutor to conclude that thestudent knows the material. Our expert medical tutorsavoid asking yes/no questions such as "Do youunderstand?" on the basis that the self-evaluation returnedby the students is often faulty. This position is reinforcedby the findings in (Graesser, 1993) that "the most reliableinformation source for inferring student knowledge was thestudents’ answers to questions" (p. 128). Our tutors wouldrather ask questions to which the student cannot get awaywith issuing a positive acknowledgment, but must insteadfurnish evidence which can be construed as sufficient proofof understanding to achieve closure on the joint action athand. Clark presents four classes of signals that are positiveevidence of understanding: 1) assertions of understanding,2) presuppositions of understanding, 3) displays ofunderstanding, and 4) exemplifications of understanding(pp. 228-229). He states that "displays andexemplifications tend to be more valid evidence thanassertions and presuppositions."Application to Intelligent Tutoring SystemsIt turns out that the idea of language use as a joint activitycomposed of joint actions maps very nicely onto the sort ofplanning and linguistic activity that must be carried out bya natural language based ITS. In particular, this provides avery nice framework for deciding when to issueacknowledgments and guidance on what the textgeneration processor should issue. In the case ofCIRCSIM-Tutor, which very closely controls the dialogue,this turns into the system presentating a joint project andlooks for the student’s uptake of the project—or refusal to doso, The system analyzes the response, and if it is sufficientto declare the goal reached, the system can issue a positiveacknowledgment and continue. If the answer was wrong orinsufficient, the system can issue a negativeacknowledgment, or a partial positive acknowledgment. Ifwhat the student produced does not appear to be an uptakeof the project, then the input can be treated as track twocommunication or as a student initiative and handledaccordingly. We are currently working on mapping thisacknowledgment rules into tutoring and discoursegeneration rules in the CIRCSIM-Tutor planner and plan toreport on and demonstrate the resulting system in thefuture.ConclusionsWe believe that approaching acknowledgments incommunication from a joint actions framework is aproductive one that is an advance over previous effortsrelating to acknowledgments. We are using this to performa qualitative study of acknowledgments in our transcripts,expect results in the near future, and are comfortable thatthose results will support the proposed framework.AcknowledgementsThis work was supported by the Cognitive ScienceProgram, Office of Naval Research under Grant No.N00014-94-1-0338, to Illinois Institute of Technology. Thecontent does not reflect the position or policy of thegovernment and no official endorsement should beinferred.ReferencesBrandle, S. 1996. Understanding Human CommunicationAcknowledgement Protocols by Studying ArtificialCommunication Protocols. In Online Proceedings ofAnnual MAICS Conference.

http://www.cs.indiana.edu/event/maics96/Proceedings/brandle.html.Clark, H. H. 1996. Using language. Cambridge, GreatBritain:Cambridge University Press.Evens, M.; Spitkovsky, J.; Boyle, P.; Michael, J.; andRovick, A. 1993. Synthesizing Tutorial Dialogues. InProceedings of the Fifteenth Annual Conference of theCognitive Science Society , 137-142. Hillsdale,NJ:Lawrence Erlbaum Associates.Fox, B. 1988. Repair as a Factor in Interface Design.Technical Report 88-4. Boulder, Colorado: Institute ofCognitive Science, University of Colorado, Boulder,Colorado.Fox, B. 1993. The Human Tutorial Dialogue Project:Issues in the Design of Instructional Systems. Hillsdale,New Jersey:Lawrence Erlbaum Associates.Graesser, A. C. 1993. Dialogue Patterns and FeedbackMechanisms during Naturalistic Tutoring. In Proceedingsof the Annual Conference of the Cognitive ScienceSociety, 126-130. Hillsdale, NJ: Lawrence ErlbaumAssociates.Spitkovsky, J. A.; and Evens, M. W. 1993. NegativeAcknowledgements in Natural Language TutoringSystems. In Proceedings of the Annual MAICS Conference,41-45.Stubbs, M. 1983. Discourse Analysis: The SociolinguisticAnalysis of Natural Language. Chicago, Illinois:University of Chicago Press.