AN ANNOT A TION SCHEME OF SPOKEN DIALOGUES WITH TOPIC BREAK INDEXES Y oichi Y amashita Michiyo Mur ai Dep. of Computer Science, Ritsumeik an Universit y 1-1-1, No ji-Higashi, Kusatsu-shi, Shiga, 525-8577 Japan f yama,mic hiy o g @slp.cs.ritsumei.ac.jp ABSTRACT This pap er prop oses a scheme of annotating sp oken dialogues with discourse level information in terms of the discourse segment. Dialogues are co ded with topic break index (TBI), whic h indicates the degree of topic break b etw een the discourse segments, instead of marking a b eginning and an ending utterances of the segment. TBI is graded b y t w o lev els, 1 and 2, and TBI=2 indicates a large change of the topic. Tw o methods are tried for assigning a TBI v alue for seg- men t b oundaries. In the metho d-I, the co der directly describes TBI according to the di�erence of conten ts betw een the adjacent segments. In the metho d-I I, the co der classi�es relative c hange of the topic break betw een the adjacent segments into three categories. Then, the relative changes are automatically conv erted in to TBIs by extraction of lo cal maximum change of the topic break. Two annotation metho ds are ev al- uated with the agreemen t score and the relation to prosodic parameters. 1. INTRODUCTION Man y sp oken dialogue systems hav e b een studied in recen t years. Dialogue level kno wledge is necessary to dev elop dialogue-oriented applications. Dialogue cor- pora annotated with sev eral types of discourse infor- mation as well as syntactic information are indisp ens- able to understanding and mo deling c haracteristics of the dialogue. The success of many corpus-based ap- proac hes for sp ok en language pro cessing is increasing the imp ortance of developing corp ora. Several activ- ities hav e started in order to standardize annotated information and to construct dialogue corpus[3, 7, 6]. A dialogue is comp osed of several discourse seg- men ts in which dialogue participants talk ab out a topic[4, 5]. The structure of the discourse segment is imp ortan t b oth to understand and to generate dia- logues. This pap er describ es metho ds for annotating spoken dialogues at the level of discourse structure in terms of the discourse segment(DS). Annotation re- sults are ev aluated based b oth on the agreemen t score betw een multiple co ders and on relation to proso dic parameters in utterances. 2. ANNOT A TION OF DISCOURSE SEGMENT BOUNDARIES W e can often �nd clear structure of DS with the nest- ing in monologues. A monologue has well-organized structure b ecause it is generated by one sp eaker. On the other hand, a dialogue is generated b y interac- tion of tw o sp eakers and topic is not controlled by one sp eak er. Such a pro cess results in complicated struc- ture of the DS in many dialogues. In the previous discourse mo del[4], a DS - has a b eginning and an ending utterances, and - may hav e smaller DSs in it. In a preliminary exp eriment of co ding DSs for sp oken dialogues, there were a lot of disagreemen ts on the granularit y or the relation of the DS. It was very dif- �cult to iden tify an ending utterances of the DS and the nesting structure, esp ecially for utterances having b oth initiate and resp onse functions. The utterance 11 in Figure 1 is a suc h example, which resp onds to a question of the utterance 7 and mak es a new require- ment. This pap er prop oses an alternative scheme of co ding the discourse structure in order to av oid dif- �culties in the previous scheme and describ e dis- course level information ab out the DS. A new pro- p osed scheme annotates sp oken dialogues with b ound- ary marking of the DS, instead of identifying a b egin- ning and an ending utterance of each DS. A DS b ound- ary is co ded with topic break index (TBI) which indi- cates the degree of topic break b etw een adjacent seg- ments. This scheme do es not directly describ e nesting structure of the DS, but provides structural informa- tion of the DS with relational information of adjacent segments in terms of TBI. Figure 1 is a sample dia- logue annotated with TBI. In this �gure, a DS tag is denoted as [ TBI : topic name : se gment r elation ]. TBI is graded by tw o levels, 1 and 2, and TBI=2 in- dicates a large change of the topic. The topic name is a name of the topic which starts after the b oundary . The se gment r elation is optional, and it describ es re- lational information b etw een tw o segments preceding and following the b oundary . The se gment r elation can optionaly include one of the three attributes, clari�ca- tion, interruption, and return, in the current annota- tion scheme.

[2:greeting:] 1 L: ’ Ko chir a chiri-annai shisutemu desu. ’ < I > (This is the route guidance system.) [2:destination:] 2 R: ’ Osaka hoteru ni ikitaino desu ga... ’ < I > (I wan t to go to the Osak a hotel...) 3 L: ’ Hai. ’ < R > (Y es.) [1:place at present:] 4 R: ’ Ima Osaka kuukou ni irun desu yo. ’ < I > (I’m at the Osak a airp ort right now.) 5 L: ’ Hai. ’ < R > (Y es.) [1:routing:] 6 R: ’ Dou yattar a ikerun de shou ka? ’ < I > (How can I go to the Osak a hotel?) [1:c hoice of routing:clari�cation] 7 L: ’ Basu wo tsukau houhou to densha wo tsukau houhou ga arimasu ker e domo ’ < I > (Which do you w an t to go by buss or train?) [1:faster wa y:clari�cation] 8 R: ’ Hayai houhou wo shiritaino desuga. ’ < I > (I wan t to kno w a faster wa y .) 9 L: ’ Hayai houhou desu to densha ni nari masu. ’ < R > (The faster wa y is by train.) 10 R: ’ Hai. ’ < F > (Y es.) [2:Route by train:return] 11 R: ’ Soshitar a, densha no ikikata wo oshiete mor ae masu ka. ’ < R&I > (Then, please tell me a w a y by train.) [1:Sub w a y:] 12 L: ’ Hommachi made chikatetsu de itte, ... ’ < R > (Please take a sub w a y to Hommachi station, ...) ... Figure 1. A sample dialogue annotated with TBI. 3. CODING METHODS 3.1. Detection of Segmen t Boundaries The DS b oundaries are automatically determined b y iden ti�cation of exchange structure in the dialogue. Eac h utterance unit is classi�ed in to four ma jor t ypes of the utterance, initiate, resp onse, follo w-up, and resp onse with initiate, based on a decision tree approac h[6, 2]. An exchange is a sequence of the initi- ate, the resp onse with initiate, the resp onse, and the follo w-up utterances. The resp onse with initiate and the follow-up are rep eatable and optional in an utter- ance sequence. The prop osed sc heme uses an exc hange as a building blo ck of discourse segments regarding that an initiating utterance alwa ys starts a discourse segmen t. The DS b oundaries are alwa ys placed b efore the initiate and the resp onse with initiate utterances, and they are annotated with the DS tag. In Figure 1, the sym b ols of < I > , < R > , < F > , and < R&I > at the end of the utterance indicate the utterance type of the initiate, the resp onse, the follow-up, and the response with initiate, resp ectively . The DS tags are placed b efore the utterances 1, 2, 4, 6, 7, 8, 11, and 12. 3.2. Assignment of TBI TBI is describ ed for the DS b oundaries after detec- tion of the DS b oundaries. W e tried tw o metho ds of assigning a TBI v alue for the DS b oundary . 3.2.1. Metho d-I In the �rst metho d (Metho d-I), the co ders di- rectly assign a TBI v alue for a DS b oundary according to degree of topic break b etw een the preceding and the following segment of the DS b oundary . The threshold for di�erentiating TBI=1 and =2 relies on the co ders’ criteria for measuring the degree of topic break. 3.2.2. Metho d-II In the second metho d (Metho d-I I), the co ders describ e relative change of the topic break without directly assigning a TBI v alue. The co ders judge whether degree of the topic break of a DS b oundary increases, decreases, or equals to that of the preced- ing DS b oundary , and they marks the relative change of the topic break with a symbol, + , - , or = , resp ec- tively . Then, the relative changes of the topic break are automatically con v erted into TBIs by extraction of lo cal maximum change of the topic break. After the ’ = ’ is replaced b y the same symbol ’ + ’ or ’ - ’ of the preceding b oundary , the TBI is set to 2 for the last ’ + ’ b oundary in a consecutiv e ’ + ’ sequence, and TBI=1 for the others. In preliminary exp eriments based on the metho d-I, the co ders tended to match topic struc- ture of the dialogue with his/her own knowledge on the dialogue domain. The di�erence of understanding of the dialogue domain caused disagreements of the tags. The metho d-I I is designed for the co ders to use the lo cal context of the utterance and to judge the change of topic break b y paying attention to only tw o b oundaries. Figure 2 shows examples of relative c hange mark- ings of the topic break, whic h are indicated as [[ ]], and conv erted DS tags with TBI, whic h are at right- hand of ! . The ’ = ’ b efore the utterance 12 is replaced by the ’ + ’ b ecause its preceding symbol of change is ’ + ’, which marks the b oundary b efore the utterance 9. The last ’ + ’ in a consecutiv e ’ + ’ sequence, that includes symbols b efore the utterance 9 and 12, is conv erted into TBI=2, and the other are con v erted in to TBI=1. 4. EV ALUA TION 4.1. Co ding Exp erimen ts T o ev aluate the co ding metho ds, 9 and 9 co ders anno- tated 3 sp oken dialogues based on the metho d-I and -I I, resp ectively . They co ded the DS tags for transcrip- tions of the dialogue without listening the sp eech. The size of the dialogue and the num ber of DS b oundary in the dialogue are listed in T able 1. The dialogue tasks of 99kyo01, 99osa02, and 99atr01, are the meeting ro om

[[ - ]] ! [1::] 3 L: ’ Dono kaigishitsu wo shiyou shimashou ka? ’ < I > (What ro om do you use?) [[ - ]] ! [1::] 4 R: ’ Mazu kaigishitsu no shuuyou ninzuu wo oshiete kudasai. ’ < I > (Could you tell me the capacity of ro oms?) [[ - ]] ! [1::] 5 L: ’ Dono kaigishitsu no shuuyou ninzuu de shou ka? ’ < I > (What ro om?) 6 R: ’ Ichiou zenbu one gai shimasu. ’ < R > (All ro oms, please.) 7 L: ’ Shou-kaigishitsu ga 8 nin, ... koushuu-shitsu ga 25nin to natte imasu. ’ < R > (8 p ersons for Small Meeting Ro om, ... 25 p er- sons for Lecture Ro om.) 8 R: ’ Hai. ’ < F > (Y es.) [[ + ]] ! [1::] 9 R: ’ Eto shiyou ryou wa dou natte masu ka? ’ < I > (W ell, how ab out charge?) 10 L: ’ Shou-kaigishitsu ga 1 jikan 3,000 en ... to natte ori masu. ’ < R > (3,000 yen for Small Meeting Ro om, and ...) 11 R: ’ Hai. ’ < F > (Y es.) [[ = ]] ! [2::] 12 R: ’ 12 gatsu 19 nichi no 14 ji kar a kaigi wo shitain desu ga. ’ < I > (I wan t to hav e a meeting from 14:00 on Decem- b er 19.) [[ - ]] ! [1::] 13 R: ’ Dono kaigishitsu ga aite imasu ka? ’ < I > (What ro oms may I use?) 14 L: ’ 14 ji kar a aite iru nowa ... ’ < R > (Ro oms av ailable from 14:00 are ...) ... Figure 2. The relative changes of topic break and con- verted TBIs T able 1. Dialogue data num ber of num ber of ID utterance DS b oundary 99kyo01 37 16 99osa02 221 66 99atr01 43 18 total 301 100 arrangemen t, the trav el consultation, and the hotel reserv ation, resp ectively . The num ber and the place of the DS b oundary are the same for all co ders b ecause the type of eac h utterance unit was pre-determined. 4.2. Agreemen t The �rst ev aluation criterion is the agreement score. The agreement of TBI among multiple co ders is ev al- uated with reliability in terms of the k appa co e�cient T able 2. T ag agreement in the k appa co e�cient. dialogue ID metho d-I metho d-I I 99ky o01 0.452 0.420 99osa02 0.403 0.334 99atr01 0.338 0.452 av erage 0.398 0.402 Figure 3. Average F0 for TBIs K [8, 1]. The topic name and the se gment r elation in the DS tag are ignored in the ev aluation. The results are shown in T able 2. The Kappa co e�cients for the TBI annotation are 0.4 for b oth metho ds. The tw o metho ds show ed almost the same p erformance as for the agreemen t. The k appa co e�cients are not so high, and an improv ed scheme or a new co ding metho d are necessary to obtain the consistent DS annotation. 4.3. Relation to proso dic parameters Discourse annotation should b e ev aluated b y view- p oin ts of applications as well as agreement b et w een multiple co ders. Proso dic parameters are imp ortant features for developing sp oken dialogue systems in- cluding sp eec h synthesis and sp eech recognition. In this pap er, relation b etw een TBI and proso dic param- eters, the fundamental frequency(F0) and the p ow er, is inv estigated for tw o co ding metho ds. The typical TBI is extracted for eac h DS b ound- ary from tagging results b y 9 co ders based on the ma- jority decision. All utterances are classi�ed into three categories, the utterances following the DS b oundary with TBI=2, the utterances following the DS b ound- ary with TBI=1, and the other utterances which are the resp onse or the follow-up. The F0 and the p ow er of the utterance are obtained in the log scale by a v- eraging for the b egging 0.5[s] of the utterance. The av erage of the parameter for each utterance category is calculated after the sp eaker normalization.

Figure 4. Average p ow er for TBIs T able 3. The num ber of the utterance for TBIs (a) Metho d-I TBI 0 1 2 sp eaker L R L R L R 99kyo01 11 10 3 7 2 4 99osa02 116 39 18 27 1 20 99atr01 13 12 8 3 4 3 total 140 61 29 37 7 27 (b) Metho d-I I TBI 0 1 2 sp eaker L R L R L R 99kyo01 11 10 3 9 2 2 99osa02 116 39 18 30 1 17 99atr01 13 12 7 4 5 2 total 140 61 28 43 8 21 Figure 3 and 4 shows the a v erage parameters for eac h utterance category . TBI=0 means the utterance category of no DS b oundaries and it is indep endent of the co ding metho ds. The parameters for the sp eaker cluster are also shown. The sp eaker L and R play ed a role of a consultant (system) and its user, resp ec- tiv ely , in all tasks. The L&R indicates the av erage of both utterances. The num b er of the utterance for eac h utterance category is shown in T able 3. Both proso dic parameters increase in the utterances with the DS boundary (TBI 6 =0), the p ow er also increases more in TBI=2 than TBI=1. In the comparison of the co ding methods, there are clear di�erences b etw een TBI=1 and =2 for the metho d-I I. TBIs based on the metho d- II show ed high correlation to the proso dic parameters, especially to the p ow er. The F0 frequency of the sp eaker L is very low for TBI=2, shown in 3. The utterances of the sp eaker L include back-c hannels, such as ’ hai ’(Y es), and they are co ded with TBI=0. There are a few L ’s utter- ances with TBI=2, many of which b egin with a dis- course marker, such as ’ dewa ’(then). These character- istics decrease F0 for the L ’s utterances with TBI=2. F or the R ’s utterances, F0 is higher for TBI=2 and the di�erence b etw een TBI=2 and =1 is larger in the metho d-I I. 5. CONCLUSIONS Di�culties in annotating the discourse segments with TBI are namely divided into tw o kinds of factors. The �rst one is a criterion for co ders to measuring the topic break, that is a threshold b et w een TBI=1 and =2. The metho d-I I in tended to resolve this di�culty by introducing relative judgment for topic change. The agreement scores by tw o metho ds are almost same, but the metho d-I I gav e higher relationship of TBI to the proso dic parameters, esp ecially the p ow er. The second factor is information which a co der pays attention to for measuring the topic break, such as cue words, ov erlap of the words, and so on. Al- though it is not considered in this pap er, it is imp or- tant to give the co ders a common guideline for judg- ing the di�erence of topic in order to exp ect di�erent co ders to annotate the consisten t tags for describing discourse segments. REFERENCES [1] Carletta, J. : Assessing Agreemen t on Clasi�ca- tion T asks: The Kappa Statistic, Computational Linguistics , V ol.22, No.2, pp.249{254 (1996). [2] Carletta, J., Isard, A., Isard, S., Kowkto, J.C., Doherty-Sneddon, G., and Anderson, A.H. : The Reliability of A Dialogue Structure Co ding Scheme, Computational Linguistics , V ol.23, No.6, pp.13-31 (1997). [3] http://www.georgeto wn.edu/luperfoy/Discourse- T reebank/dri-home.h tml [4] Grosz, B. J. and Sidner, C. L. : Atten tion, In- tentions, and the Structure of Discourse, Com- putational Linguistics , V ol.12, No.3, pp.175{204 (1986). [5] Hirsch berg, J. and Grosz, B. J. : Intonational F ea- tures of Lo cal and Global Discourse Structure, Pr o c. of the DARP A Workshop on Sp e e ch and Natur al L anguage , pp.441{446, Morgan Kauf- mann (1992). [6] Ichik a w a, A., et al. : Ev aluation of Annotation Schemes for Japanese Discourse, Pro c. of ACL ’99 W orkshop on T o w ards Standards and T ools for Discourse T agging, pp.26{34 (1999). [7] Nak atani, C. H., Grosz, B. J., Ahn, D. D., and Hirsch berg, J. : Instructions for Annotating Dis- course, T ec hnical Rep ort TR{21{95, Cen ter for Research in Computing Thechnology , Harv ard Universit y (1995). [8] Siegel, S. and Castellan, N. J., Jr. : Non- parametric Statistics for the Behavioral Sciences, McGraw-Hill, second edition (1988).