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Abstract—If a dialog system can respond to a user as naturally barge-in, whereas the system in [3] does not consider these
as a human, the interaction will appear smoother. In this phenomena_ One of our System's goa|s is to provide a user-

research, we aim to develop a dialog system that emulates humangjangly interface, so that humans will want to interact with
behavior in a chat-like dialog. The proposed system makes use it '

of a decision tree to generate chat-like responses at the appro- . ) . . .
priate times. These responses includeaizuchi (back-channel), In this paper, we first discuss the implementation of the
“repetition”, “collaborative completion”, etc. The system also response timing generator for the dialog system. Thereafter,

reacts robustly to the user's overlapping utterances (barge-in) we present the results of the subjective evaluation of the dialog
and disfluencies. The subjective evaluation shows that there is asystem

high degree of naturalness in the timing of ordinary responses,
overlap, and aizuchi and that the dialog system exhibits user- ) I_I' MODELING RESPON_SE TIMING ]

friendly behavior. The recorded voices system was preferred, and ~ The decision of response selection and the response tim-
almost all subjects felt familiarity with aizuchi and the barge-in ing was modeled by using the human-to-human conversation

was also useful. corpus. To model these response behavior, a decision tree
|. INTRODUCTION was used, and the model was implemented to the system. To
Recently, there has been increased interest in and demaniate the human-to-human conversation, this system treats
for interfaces using ASR (Automatic Speech Recognitionaizuchi repetition, collaborative completion and other ordinary
Because traditional systems provide no reaction to user msponsesAizuchi was the signal to make hearers continue
terances, a user cannot distinguish whether the system twmspeak, to indicate his/her understanding of the utterances,
recognized the utterance correctly. Despite several systeamsl to express assent to them. The repetition was used to
having been developed thus far, spoken dialog systems stidnfirm the content while talking. Collaborative completion
tend to give astiff impression. was used by that the hearer often overlaps speaker’s utterances
In Japanese human-to-human dialog, well-timed responsgith same contents or sometimes complements the speaker’s
such asaizuchi (sometimes called ‘back-channel’) and turnutterance by the prediction of the latter half of the utterance
taking ensure a smooth dialog. The propertiesiatichiand from the first half so as to complete an utterance. Moreover, the
turn-taking indicate that pitch (FO) and power are mainlgverlaps as response timing is also treated. In human-to-human
related to generatingizuchiand turn-taking. Various real-time conversation, there is a correlation between the familiarity of
aizuchi generation systems have been developed [1] that usfwersation and the overlap frequency in the conversation [4].
pitch (i.e., the inverse of the fundamental frequency (F0)) am@d achieve a familiar conversation, it is important to treat the
pause duration as features. Some natural turn-taking timiogerlap.
detection systems have also been developed [2]. Although o )
various kinds of responses need to be considered to emufateFéatures of response timing generation
human responses, these previous studies dealt only with arccording to [5] and [6], the contour patterns of pitch
individual kind of response. and power are related to the timing of response generation.
The purpose of this study is to generate natural responsiésr example, when the pitch and/or power contours of the
including aizuchj collaborative completions, and turn-takingnora at the end of an utterance follow various particular
whilst considering response timing. In this paper, we dephtterns, the conversational partnaiguchior turn-taking is
with the chat-like conversation that means non-task-orientetygered. Thus, we used the first-order regression coefficients
and mixed-initiative dialogs, and the dialog through fullof the pitch and power sequences in the last three regions
duplex communications. A decision tree that contains refesf utterances obtained from a 55-ms sliding window with
ring prosodic information and surface linguistic informatior80-ms overlap (where the total length is 105 ms). A longer
as features is employed to decide the appropriate resporsgion also includes information that triggers responses, so
timing. Using this timing generation method, a human-friendlthe pitch/power contours in the last 500 ms were also used. To
spoken dialog system has been developed [3]. The proposkedcribe these patterns, we adopted the first-order regression
system is able to deal wittepetition overlap response andcoefficients for 100 ms length segments with no overlap. The
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Fig. 2. Part of the decision tree.
(3 TABLE |
CORRESPONDENCE OF THE TERMS
Fio. 1. Feat for the d _A_wrl{ent time response type decision tree output response timing
ig. 1. Features for the decision tree. (dialog act) (dialog act + wait)
« aizuchi « aizuchi - overlap
coefficients of five continuous segments express the pattern]- repetition -repetition - (turn-taking)
T ; i _ |e collaborative /= collaborative e (wait
As th_ese coefficients can b_e calculated W|th_ very Ilt_tle com- |+ o oletion " Completion ,‘ (waif)
putational cost, the calculation can be done in real-time. . ordinary response | '\~ ordinary response )
The repetition and collaborative completion occur when a ;V;I;ti“}@:t?l‘{ﬂ,gj”‘

keyword of the conversation topic is input by the user. When
a speaker feels that the listener is unable to keep up with the

conversation (for example, when giving a telephone numbeg)ajt, as illustrated in Figure 3Nait means “do not output any
the speaker divides the utterance into several ‘fragments’. fsponse”. The frequency of the responses, exaiepthiand
such cases, the listener often uses repetitions of the fragmeasetition, is limited to one for each user utterance. Because
(or keywords) to indicate the status of his/her understandinge system gives an ordinary response for a user utterance,
To imitate this behavior, the response generator should detggtthe other handaizuchiand repetition can be used many

keywords in user utterances. times as the response to a user utterance. There are four types
The following features are used in implementing the aboy responses, i.aizuchj repetition, collaborative completion,

for the decision tree [7]. and ordinary response. Collaborative completion and ordinary
« Duration from the start of the user utterance (F1) response are considered as turn-taking. The overlap indicates

« Elapsed time from the end of the user utterance (F2) a timing of these response, so the case such as “repetition and
« Elapsed time from the end of the system utterance (F®yverlap” exists.

« Pitch/power contour of the last 100 ms (F4) The RWC corpus [8] was used to train the decision tree for
« Pitch/power contour of the last 500 ms (F5) aizuchij turn-taking, andvait. The RWC has 48 conversations

« Attribute of the last word in the last recognition resultgach about 10-minutes long, giving a total of 6.5 hours. The
(or current intermediate hypotheses) (F6) corpus consists of 16,399 utterances, covering two conversa-
Figure 1 illustrates these features for the decision tree whi#in areas: ‘car sales’ and ‘overseas trip planning’. The speaker
decides the response timing. on one side is a professional salesperson, and the questioner /
customer on the other side is one of 12 non-professional men

B. Response timing generation using decision tree and women. C4.5 [9] was used to construct the decision tree.

Previously, we proposed a decision tree-based responsgased on the decision tresmizuchioccurs when two seconds
timing generator [3], but this was only able to produce @& more have elapsed from the latest response of the system,
response after detecting the pause (at the end of the user uitéien the 0.5 seconds or more have elapsed from the start
ances). We have modified this method to enable it to gener@feUser utterance, and when the pitch contour is flat or
overlapping responses by scanning all segments wheneverfiigh-Low slope. With regards the other phenomena, namely
user speaks. A part of the decision tree is shown in FigurerQPe_t't'On and_collaboratlve completion, there were nqt_enough
The correspondence of the terms is shown in Table |. training dgta in the corpus. The frequency of repetition and

The response timing generator decides the response timfigfaborative completion is less than 1%. However, these

as well as the selection of response sentence from responses
prepared by the response generatora USIng a deCISlon tree baEed User’s preceding utterance duration | pause duration | max pause duration|
on the features introduced in Section II-A. Information on!” | 5 o

! ! I ! 1 »
P> —Pi—>
whether or not the response contents were prepared by i€, 1 0o | 100ms | 100me | 100ms | 100ms | i

response generator is also used as a feature. Features are inputirs | Waiting | Waiting | Waiting | Waiting | Tum 1 [

. .. .. o taking @ 1
into the decision tree every 100 ms. The decision tree selects a; N !

i i 1 i € 1 1 0. ——
dialog act for the system to do at every instance, fEDRUCh|  (User's preceding utterance) AL ”
repetition, collaborative completion, ordinary response, and (System utterance)

Fig. 3. Response timing generated by the decision tree
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Fig. 4. Schematic diagram of the dialog system.

phenomena exist in the human-to-human conversation, arahtext-dependent syllable HMMs, consisting of 928 models.
the implement of these phenomena is important for imitatif§POJUS outputs the intermediate hypotheses in real-time. The
human-to-human conversation. Therefore, we added sopreposed system obtains the information from the intermediate
rules manually. hypotheses, and this is used to prepare a response such as
Based on the hand-crafted rules, repetition occurs when tvapetition
seconds or more have elapsed from the latest response of thePOJUS used a vocabulary of 300 words including city
system, and when the last word in the recognition hypothesiames, dates, types of weather, fillers, etc., together with
is a city name in our dialog domain. Collaborative completioword class information. In the recognition results (or in-
occurs immediately when the response was prepared (i.e. thenediate hypotheses), an attribute is attached to each
user input matches with the template and when the systaord, and this information is useful for detecting keywords.
response is prepared). For example, “HowQuestion is[] the[] weatherfMeathe} in
Furthermore, the system has an exceptional rule to contindamamatsudity namé today[Date”. Our system focuses on
the dialog, such that the system prompts the user to sagather information, and thus the attributes of the keywords
something after a long pause (6 seconds in our systenmclude place-names, dates, weather in topical places, etc. The
Furthermore, when a pause of over 1000 ms occurs after tit&ibute of the last word in the hypotheses (or intermediate
last user utterance, the system gives one of possible resporggmtheses) is used as a feature.
to the user without consulting the decision tree. Simultaneously, the system analyzes the input to extract
prosodic information, such as pitch (FO) and power, using a
prosodic analyzer.
Figure 4 shows the novel architecture of the proposed .
spoken dialog system that can deal with the various phenohh- Pialog management
ena described above. For the pilot study, we chose weathePetails of the dialog manager are illustrated in Figure 4.
information as the dialog domain, for the following thredt is composed of six sub-components and generates response
reasons. First many subjects can talk comfortably about tisigntences using the hypotheses and prosodic information. One
domain, and secondly it can deal with real information fromf the six sub-components uses a decision tree to determine
the WEB. The final reason is that the domain and utterandée timing based on the features derived from the prosodic
can be limited naturally. information. The pitch and power contour patterns of the
utterance are used as prosodic features. These contour patterns
are expressed by regression coefficients of the FO and log
The speech recognizer SPOJUS [10], [11] was employedfdower sequences. The pitch and power are used to control
recognize the user input. There are two versions of SPOJUSe prosodic information of the system output responses.
an n-gram based large vocabulary continuous speech recogRecognition results and intermediate hypotheses output by
nizer, and a CFG (Context Free Grammar) based one. WBOJUS are sent to the information collection component.
used the latter in our system. Then, the system saves the information into information slots.
SPOJUS uses 12 MFCCs (Mel-Frequency Cepstrum Cbhe slot information is sent to the response generator, which
efficients), the first/second derivation of the MFCCs and tlgenerates responses using the information. The system gen-
first/second derivation of power as acoustic features. Theates multiple patterns of responses simultaneously, and the
sampling frequency is 16 kHz. The analysis window is decision tree then selects the most appropriate response from
Hamming window, and the frame length and frame shift atbese in real-time.
25 ms and 10 ms, respectively. The HMM topology has four The response generator prepares response sentences using
states and five loops, with each state represented by feur ELIZA[12]-like procedure with slot-based history manage-
Gaussian mixtures with full covariance matrices. We usedent, in addition to the recognition hypotheses. Thus, the

IIl. DIALOG SYSTEM

A. Speech analysis and recognition



CAIZBIX SAEMIE oMY 2 & 4. EMORRIEES T M ? Crd---

/konnichiwa/ /saikin ame bakkari dayo ne/  /hamamatsu no|tenki ha /iyaa -/
Hello.)| (Recently, itioften dou-desuka?/— ' (Well,..)
rans 84D (Hol_v;/ about the');/veather
. | in Hamamatsu?
User
BHRTLTT F | Calcbir  SHOXSIF EL\TT £h ER REohYTT & FIR)
/zatsudan sisutemu hai Konnichiwa P =='C“tht Ki /ooi desuyone/| /hamamatsu/ |/ame bakkari desuyo/ /hai/
desu/ (Aha)| (Hello.) hayg;enzesﬁco} (rains a lot, [[(Hamamatsul(It always rains.) (Aha)
(Dialog 'system.) ; 't it)
(It will doesn't it.
System rain today.)
o [1 |2 13 |4 |5 |6 |7 |8 |9 \19/ [11 [12 [13 |14 \115 | 16 |17 |18 [19 |20 |21 [22 [sec]

: - \ |
phenomena Aizuchi 23!?:‘;“""’6 complation| Aizuchi

Fig. 5. Example of a dialog between a user and the system.

response generator also serves as a simple dialog managdras some response templates for collaborative completion and

C. Prosodic controller gctivates one of them if thg user ut.tgrance_ and the curreljt.slot
: information meets a certain condition written as a decision
The prosodic controller generates prosodic information fgle. With the next user utterancel‘ 00000 OO O

the system output responses, such as pitch, power, and speecfHow about the weather in Hamamatsu?)”, the system

rate. The prOSOdiC controller controls the mean values @étected a keyword “Hamamatsu (C|ty name)” and responded

the prosodic information for the entire utterance but doﬁﬁlmediately by the way ofrepetition. Then the system

not control the change in prosodic pattern within a singl@plied regarding the weather in Hamamatsi; [ 0 O O

utterance. The prosodic information is sent to the speechy (It always rains).” This dialog contained some chat-

SynthESizer. Details of the prOSOdiC controller can be foumme diak)g-specific phenomena such aguchij repetition,

in [4]. and collaborative completion. Such phenomena often occur

D. Speech synthesizer in human-to-human dialog_s w_hen the dia_logs are warm_ing up.

The results of the subjective evaluation are described in

To output responses as spegch, we use a recorde_d hu'iﬂ%nnext section. The prosody model is not evaluated during

voice or text to speech synthesaer v0|c§. Af.emale. v0|c§ Wass subjective experiment with the dialog system. This is

used to reco_rd 3410. sentences, m_c_ludnget_mgs f';uzuchl_ due to the fact that the prosody control by the model is not

and weather mfor_matlon, with a familiar and I|vel_y 'mona_t'oneffective for a short dialog, as the model changes the prosodic

GalateaTalk [13] is used as the speech synthesizer, which S rmation very slowly.

control speaker type, voice tone (intonation), and speech rate.

Same sentences are prepared for both recorded human vEicd=valuation of dialog system

and speech synthesizer voice. 1) Setup: The subjects used and evaluated the dialog sys-

tem with the timing generator. Five different systems were

evaluated, namely

A. An Example System 1:the basic system (no overlagizuchiand repe-
Figure 5 gives an example of a dialog between a user atitibn) using synthesized voices,

the systemAizuchij repetition, collaborative completion, and System 2:the basic system using recorded voices,

overlap are all included in the example. In Figure 5, first the System 3:system embedded with the overlap function using

system prompted a start-up utterance. Then, the user spokecorded voices,

00000 (Hello)” and the system also spokél'l O O O System 4:system incorporating all phenomena functions

000 (Aha, Hello).” Next, the system spoke today’s weathgthat is, overlapaizuchi and repetition) using recorded voices,

to lead the user to the topic of weather. The system obtaineaad

the place where the user was (default value) and the weatheBystem 5: system incorporating all phenomena functions

around there, and kept the information in slots. With the nemsing synthesized voices.

user utterance! 0 0 00O OO0 O (Recently, it oftenrains, We reveal whether or not there is a difference in the

doesn't it?)”, the system’sollaborative completion“0 00  evaluation of timing according to a difference in voice quality.

00D (rains alot.)” waverlapped The system detected theThe subjects were instructed to concentrate on the evaluation

keywords/key phrased™0 (recently)” and f1 (rain)”, and of “timing” and “overlapping”. Using Systems 1 and 2, it

knew that it had been raining. So, the system predicted that twmpared the recorded voices with synthesized ones. For using

user would say phrases that meantdftenrains” and tried System 3, it evaluated the overlap response. For using System

to synchronize to the user with*0 (many)”. The system 4, it evaluatedaizuchiand repetition. For using System 5, it

IV. EXPERIMENTS AND RESULTS



TABLE Il
RESULTS OF THE SURVEY QUESTIONWAS THE RESPONSE TIMING
NATURAL OR UNNATURAL? (ON A SCALE OF1 TO 5)” FOR EACH
PHENOMENON PositiveSUBJECTS WERE THOSE WHO GAVE &5 OR4 POINT
AS THEIR ANSWER, WHILE negativeSUBJECTS WERE THOSE WHO GAVE A
1 OR2 POINT AS THEIR ANSWER TO THE QUESTIONNeutralSUBJECTS
WERE THOSE WHO GAVE A3 POINT AS THEIR ANSWER TO THE QUESTION

by a few overlapping utterances from the system had very
small intonation change in the utterance. Oppositely, the sub-
ject who was responded by a lot of overlapping utterances had
a large intonation change in the utterance. The decision tree
in our system uses prosodic information, so there is different

# of positive | # of negative| # of neutral in overlap frequency for the subjects.
phenomenon| _ subjects subjects subjects With regards the effect adizuchi according to the results
fég;”oa:ge 8 1 ! of the questionnaireseven of the ten subjecisswered that it
overlap i 3 3 was easy to speak after the system introdugiedchi These
aizuchi 6 4 0 subjects were of the opinion that “It was friendly when there
repefition 2 6 2 wasaizuchf and “It is understood that if there igizuchij the
TABLE Il system is listening to the user’s utterance”. Conversely, there

RESULTS OF THE SURVEY QUESTIONI S IT EASY TO SPEAK IF THE
SYSTEM INTRODUCES A PARTICULAR PHENOMENOR (ON A SCALE OF 1
TO5)” FOR EACH PHENOMENON

were two subjects who answered that it was not easy to speak.
They concurred that “The timing @fizuchiwas bad, so it was
not easy to speak”.

ohenomenon # ZLEj%iitﬂsve # qugjeeg:t‘gve #Sjg}gggal With regards the effect of repetition in the results of the
overlap function 3 3 4 guestionnaire, three of the ten subjects answered that it was
aizuchi 7 2 1 easy to speak with the inclusion of the repetition function.
repetition El 4 3 They agreed that “It is good, because there is feedback

. . ) from the system before the utterance of the phrase has been
compared the recorded voices with synthesized ones, and l§fpleted”. Conversely, four of the ten subjects answered that
evaluatedaizuchiand repetition. it was not easy to speak with the introduction of repetition.

Ten male subjects conversed on the dialog topic “weath®hinions such as “It was not easy to speak, when the repetition
information”, asking questions such as “Please get the weathg{s uttered during the user utterance” and “It is unpleasant
information for various cities”. The subjects each had about Zthen there is repetition with the recognition error” were quite
turns. After using a particular system, each subject completgghtrary to the opinion of the subjects who were comfortable
a survey questionnaire, which included questions rated of@in the repetition. Some subjects liked the repetition and
scale from one to five and open-ended questions. some did not, despite the occurrence of recognition errors.

2) Questionnaire resultsAnswers to the survey questionSince the opinion of the subjects is divided, it remains to be
“Was the response timing natural or unnatural?” are given fecided whether the system implements repetition according
Table 11 for each phenomenon. This table indicates that the user preferences.
ordinary response obtained a very good evaluation, ight  As the effect of the voice quality (recorded v.s. synthesized)
out of the ten usersonvinced that the ordinary response wafr the basic system, the number of subjects who answered
natural. Overlap andizuchialso obtained a good evaluationas it was easy to speak for the recorded voices eight of
However, repetition timing was not considered by the subjegtsn subjects For the all phenomena functions implemented
to be appropriate. system nine of ten subjectanswered as it was easy to speak

Answers to the survey question “Is it easy to speak fbr the recorded voices. In each system, the subjects preferred
the system introduces a particular phenomenon?” for eagie recorded voice systenkight of ten subjectevaluated
phenomenon are given in Table Ill. This table indicates th#dat the recorded voice was better than the synthesized voice
the users were more comfortable walfzuchi for both (basic v.s. all phenomena functions implemented)

With regards the effect of overlap in the questionnairgystems. There were a lot of opinions “The recorded voice
results, only three of the ten subjects answered that it was eass more natural than the synthesized voice, and it feels
to speak with the introduction of the overlap function. Thego friendly”. According to [14], the synthesized voice was
were of the opinion that “there is an overlap phenomengmeferred in a simple system (in which the response timing is
in most natural conversation”. Conversely, three of the teonstant), and the recorded voice was preferred in a complex
subjects felt that it was not easy to speak as “It is unpleasdstich as all phenomena functions implemented) system. The
when the system begins to speak while the user is still talkindg¥alance is necessary for the voice quality and the quality
The overlap frequency of two of the three negative subjeat$ the conversation. However, it differed from the opinion,
was very high, 0.769 and 0.421 per utterance, respectivdlyat is, the recorded voice system was preferred in both
It is thought that the impression of overlap was made worgeasic, all phenomena functions implemented) systems in our
because the system used overlap more than usual. It is teMperiment. We guess it was caused by the reason that the
necessary to adjust the frequency of overlap while talking, anesponse timing of basic system is suitable.
to use it as a feature to decide the response. For the overlajVith regards the effect of barge-iseven of the ten sub-
frequency, the most frequent case is 0.769, and the least cagedts used barge-in and all of these had positive feedback.
0.045. The re-experiment was conducted to these two subje@gpjnions were varied: “Because the input can be corrected
but the result did not change. The subject who was respondelgen a recognition error is found”, “It is possible to discover



TABLE IV

HIGH CORRELATION BETWEEN PHENOMENON AND SUBJECS to perform chat-like friendly conversation. The phenomena

IMPRESSION occurring in human-to-human conversation (suchaesichi
phenomenon|  impression correlation repetition, overlap, barge-in, etc.) were implemented in the
overlap recognition 0.765 system.

(positive) performance L . . e
overiap easy T speak 0562 .In the supjectlve evalgatlon, many subjects felt familiarity
Aizuchi correct response 0.648 with aizuchj and barge-in was also found to be useful. The
(positive) rate naturalness of the timing generator was considered to be high
Aizuchi easy 1o speak 0.643 for ordinary responses, overlap, amizuchi With respect

recognition errors early on”, and “The utterance can be spokinrepetition, the subjects were divided into two conflicting
again soon”. groups. Thus, it remains to be decided whether the system im-

3) Analysis of questionnaire resultsthe correlation be- plements repetition according to user preferences or not. With
tween the questionnaire results and dialog features (suchregards the overlap response, the user’s impression deteriorated
ASR performance, correct response rate, overlap frequendith a greater degree of overlap, but the overlap response was
and so on) was investigated. The high correlation features @réferred in the dialog with high ASR performance.
given in Table IV. In future work, the decision tree will be trained using

Regarding the correlation between ASR performance (s@alogs between humans and the system. We also intend
curacy) and the questionnaire results, the overlap respong@slyzing the effect of the conversations of two or more human
indicate a significant correlation (0.765¢0.01"). The overlap agents with different personalities and characteristics.
response was thus preferred in the dialog with high ASR REEERENCES
performance.

Regarding the correlation between the correct response r
and the questionnaire results, tlaézuchiin the System 5 00. _
indicates a significance correlation (0.648;(05). Where a [21 R- Sato, R. Higashinaka, M. Tamoto, M. Nakano, and K. Akawa,
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