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Abstract. If a dialog system can respond to a user as naturally as a
human, the interaction will be smoother. In this research, we aim to
develop a dialog system by emulating the human behavior in a chat-like
dialog. In this paper, we developed a dialog system which could generate
chat-like responses and their timing using a decision tree. The system
could perform “collaborative completion,” “aizuchi” (back-channel) and
so on. The decision tree utilized the pitch and the power contours of
user’s utterance, recognition hypotheses, and response preparation status
of the response generator, at every time segment as features to generate
response timing.

1 Introduction

Recently, interfaces using automatic speech recognition (ASR) have been devel-
oped. In traditional systems, however, there was no reaction to the user during
a user utterance, so, the user could not know whether or not the system was
hearing the utterance. Therefore, a spoken dialog system gave a stiff impression.

In Japanese human-human dialog, well-timed responses such as ‘aizuchi’
(sometimes called ‘back-channel’) and turn-taking make for smooth dialog.

The purpose of this study is to generate a natural response including aizuchi,
collaborative completions, and turn taking considering response timing. To gen-
erate the response timing, we use a decision tree with features related to prosodic
information and surface linguistic information. Using this timing generation
method, we have been developing a human-friendly spoken dialog system [1].
One of our system’s goals is to become very familiar to users so that humans
will chat with it.

2 Previous literature on for chat-like conversation

The properties of aizuchi and turn-taking has been studied [2–5]. The results
indicate that pitch (F0) and power are mainly related to generating aizuchi and
turn-taking. Some real-time aizuchi generation systems developed so far [6–8]
use pitch (i.e., inverse of fundamental frequency (F0)) and pause duration as
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Fig. 1. Schematic diagram of dialog system.

features. Some natural turn-taking timing detection systems have also been de-
veloped [9–11]. Fujie et al. [12], for example, used prosody information, especially
F0 and power of the utterance, in order to determine the appropriate timing of
the feedback. They use a finite state transducer-based speech recognizer to de-
termine the sentence of the feedback earlier than the end of the utterance. These
previous studies dealt with an individual kind of response.

In this paper, we propose a unified approach for generation of various kinds
of responses including aizuchi, and collaborative completions, considering their
timing, mainly based on prosodic information. We previously proposed a method
to generate aizuchi and turn-taking timing [1], but the approach needed pause
detection and thus could not deal with overlapping responses. The new system
proposed here is not pause detection-driven, but analyzes user utterances contin-
uously even while the user is speaking. This will enable the system to deal with
not only the overlapping aizuchi and turn-taking, but also the other responses
such as collaborative completion.

3 Dialog system

To make spoken dialog systems comply with the above phenomena, we designed
the novel system architecture shown in Figure 1. In this section, we introduce
an overview of a developed system in the weather information domain.

3.1 Speech analysis and recognition
The speech recognizer SPOJUS [13] recognizes a user’s input. SPOJUS outputs
intermediate hypotheses in real-time. We used a vocabulary of 300 words includ-
ing city names, dates, types of weather, fillers etc., with word class information.
Simultaneously, the system analyzes the input to extract prosodic information,
such as pitch (F0) and power, using a prosodic analyzer [12, 14].

3.2 Response generator
The response generator prepares response sentences using an ELIZA-like method
[15] with slot-based history management in addition to recognition hypotheses.
Thus, the response generator also serves as a simple dialog manager. A tem-
plate set of responses is prepared for each dialog act; aizuchi, collaborative com-
pletions, repetition and other ordinary responses. These templates are used in
parallel, so multiple patterns of responses are generated simultaneously.



Our current system deals with ‘aizuchi’, ‘collaborative completions’, ‘repe-
tition’ and other ordinary responses. Thus, four patterns of response sentences
are prepared in parallel. Even while the user is speaking, the response gen-
erator continuously updates the responses using the intermediate hypotheses
generated by the speech recognizer. Default sentences are also prepared and
randomly selected to respond even if no appropriate sentences are prepared by
the templates. During a dialog, not only the keywords included in the user ut-
terances but also the current status of the weather extracted from a web site
(http://www.imocwx.com/) are kept in the slots and used for response genera-
tion.

3.3 Response timing generator

The response generator only constructs response sentences. To output the sen-
tence, the response timing generator selects an appropriate sentence with the
appropriate timing. This timing generator makes a decision to respond or not
and which response the system should make using a decision tree. Details are
presented in Section 4.

3.4 Speech synthesizer

To output responses by speech, we use the recorded human voice or speech
synthesizer voice. GalateaTalk [16] is used for the speech synthesizer, which can
controll speaker type, voice tone, speech rate, etc.

4 Response timing generation

4.1 Features for timing generation

According to [2] and [5], the contour patterns of pitch and power are related to
the timing generation. For example, when pitch and/or power contours of the
mora at the end of an utterance follow some proper patterns, the conversational
partner’s aizuchi or turn-taking is triggered. Thus, the first-order regression co-
efficients of pitch and power sequences in the last three regions of utterances
obtained using 55-ms length sliding window with 30-ms overlap (total length
is 105 ms) as shown in Figure 2 are used. The longer region also includes the
information that triggers responses, so pitch/power contours in the last 500 ms
are also used. To describe such patterns, we adopted first-order regression co-
efficients for 100 ms-length segments with no overlaps. The coefficients of the
five continuous segments express the pattern. Such coefficients can be calculated
with very small computational cost, and thus the calculation can be done in real
time.

‘Repetition’ and ‘collaborative completion’ occur when a keyword of the con-
versation topic is input by the user [17]. When the speaker is afraid the hearer
cannot catch up with him/her (imagine that the speaker tells the hearer a tele-
phone number), the speaker divides an utterance into some ‘fragments’. In such
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cases, the hearer often uses ‘repetitions’ of the fragments to indicate his/her un-
derstanding. To imitate this behavior, the timing generator should detect key-
words in user utterances. In the recognition results (or intermediate hypotheses),
the attribute of the word is attached to each word, and this information is useful
to detect keywords. The task of our system is weather information, so attributes
of the keywords include a place-name, date, weather in a topical place, etc. We
used the attribute of the last word of hypotheses (or intermediate hypotheses)
as a feature.

The following features are used in consideration of the above.

– Duration from the start time of the user’s preceding utterance
– Elapsed time from the end of the previous user utterance
– Elapsed time from the end of the previous system utterance
– Pitch/power contour of the last 100 ms (consisting of three values)
– Pitch/power contour of the last 500 ms (consisting of five values)
– Attribute of the last word of the last recognition results (or current interme-

diate hypotheses)

4.2 Response timing generation using decision tree

Previously, we proposed a decision tree-based timing generator [1], but it can
only treat the response at after the end of user utterances. We modified this
method to enable it to generate overlapping responses by scanning every segment
whenever the user speaks. A part of the decision tree is shown in Figure 3.

The response timing generator decides response timing as well as the selection
of a response sentence from responses prepared by the response generator, using
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a decision tree based on the features introduced in Section 4.1. The information
on whether or not the response contents have been prepared by the response
generator is also used as a feature. Features are input to the decision tree every
100 ms. The decision tree selects a dialog act, which the system should do at that
moment, from aizuchi, collaborative completion, repetition, ordinary response,
and wait, as illustrated in Figure 4. “Wait” means not to output any response.
The frequency of the responses except aizuchi and repetition is limited to one
for one user utterance.

The RWC corpus [18] is used to train the decision tree for aizuchi, turn-taking
and wait. RWC has 48 conversations of about 10-minute durations each for a
total of 6.5 hours. It consists of 16,399 utterances. The conversation tasks are
‘car sales’ and ‘overseas trip planning’. The speaker on one side is a professional
salesperson, and the questioner / customer on the other side is one of 12 men
and women. C4.5 is used for machine learning.

As for the other phenomena; repetitions and collaborative completions, there
were not enough training data in the corpus. So we added some rules manually
referring to [2, 5, 8]. For example, ‘repetition’ occurs when two seconds or more
have elapsed from the latest response of the system, and when the last word in
the recognition hypothesis is a city name.

The system has some exceptional rules to continue the dialog; for example,
the system prompts the user to say something after a long pause (6 seconds
in our system). And, when a pause of over 1000 ms occurs after the last user
utterance, the system responds to the user without depending on the tree.

5 Example of dialog with the system

An example of dialog with the system is shown in Figure 5. The top shows the
user utterances, and the bottom the system responses.

In Figure 5, first the system prompted a start-up utterance. Then, the user
said “Hello” and the system also said “Aha, Hello.” Next, the system said to-
day’s weather to lead the user to the topic of weather. The system obtained the
place where the user was (default value) and the weather around there, and kept
the information in slots. With the next user utterance “Recently, it often rains,
doesn’t it?”, the system’s collaborative completion “rains, doesn’t it.” was
overlapped. The system detected the keywords/key phrases “saikin (recently)”
and “ame (rain)”, and knew that it had been raining. So, the system predicted



that the user would say phrases that meant “it often rains” and tried to synchro-
nize to the user with “ooi (many)”. The system has some response templates
for collaborative completion and activates one of them if the user utterance and
the current slot information meet a certain condition written as a decision rule.
With the next user utterance “How about the weather in Hamamatsu?”, the
system detected a keyword “Hamamatsu (city name)” and responded immedi-
ately by the way of repetition. Then the system replied regarding the weather
in Hamamatsu; “It always rains.” This dialog contained some chat-like dialog-
specific phenomena such as aizuchi, repetition, and collaborative completion.
Such phenomena often occur in human-human dialogs when the dialogs warm
up.

As shown above, our proposed system could work with many kinds of phe-
nomena appearing in natural human-human spoken dialog including overlapping
utterances when given appropriate rules, templates and parameters.

6 Experiments and results

6.1 Evaluation of timing generation

We subjectively evaluated the naturalness of the timing generated by the gener-
ator. Here, only aizuchi and turn-taking are evaluated, because phenomena with
few occurrences such as repetition and collaborative completion have not been
sufficiently investigated so far.

To evaluate the timing of the generator, we prepared samples of aizuchi and
turn-taking whose timing is generated by the decision tree.

We inserted an aizuchi extracted from a side of a dialog at the aizuchi timing
point generated by our timing generator. We also made a samples of turn-taking.
Thus, we picked some filled pauses such as “Ettodesune” (“Well ... let’s see” in
English), which is often employed at the beginning of an utterance, to insert at
the time of system formation. Subjects listened to the inserted aizuchi with one
preceding sentence and evaluated only the timing.

We compared the timing by the generator to that in the corpus. In real
dialogs of the corpus, responses may have some meaning consistent with the
dialog context and the meaning may make subjects feel natural, especially in
the case of turn-taking. To make subjects evaluate only the timing, we also
replace the aizuchi or filler pauses of the real response with aizuchi or a filled
pause extracted from other parts of the dialog, as in the case of the generator.
The number of samples is 20 for each phenomena. The five subjects heard these
sample voices and answered questionnaires (1: too early; 2: early; 3: good; 4:
late; 5: too late; and 0: outlier).

The results are shown in Table 1. The “naturalness” in the table indicates
the rate of “good.” In the table, the naturalness of the decision tree timing
is comparable to the naturalness of the corpus (that is, human-human dialog)
timing.



Table 1. Evaluation of response timing by subjective evaluation

Timing too early early good late too late outlier naturalness(%)

aizuchi decision tree 0 6 61 20 11 2 61.0
corpus 14 26 58 2 0 0 58.0

turn-taking decision tree 9 26 53 9 2 1 53.0
corpus 7 31 51 10 0 1 51.0

6.2 Evaluation of dialog system

The subjects used and evaluated the dialog system with the timing generator.
There are four kinds of systems: combinations of using / not using overlap re-
sponse and using recorded / synthesized voice. After using them, the subjects
answered a questionnaire. By comparing recorded voices with synthesized ones,
we reveal whether or not there is a difference in the evaluation of timing ac-
cording to a difference in voice quality. We required to subjects so that subjects
focused on the evaluation of “timing” and “overlapping”.

According to the results of the questionnaire, two of five subjects prefer the
system using overlap (including “barge-in”). One said that he could confirm that
the system listened to his utterance. As for familiarity with the system, four of
five subjects felt the system using overlap was ‘very good’ or ‘good’ on the basis
of a five-grade evaluation from ‘very good’ to ‘very bad’. However, an irrelevant
response caused by immature speech recognition and dialog management made
subjects feel uncomfortable. When listening to the real responses in the corpus,
the subjects felt good for 74% and 80% of aizuchi and turn-taking, respectively.
Compared with Table 1, this reveals that the contents affect the naturalness of
timing. As for speech quality, four of five subjects prefer the recorded human
voice. The evaluation of the recording voice is better, even though the timing
generator has the same performance. This means that the difference in the natu-
ralness of voice quality influences the evaluation of timing. In fact, the evaluation
of timing only is difficult, and the voice quality is also unconsciously related to
the evaluation.

7 Conclusions

In this paper, we developed a dialog system utilizing real-time response genera-
tion and response timing generation, to perform a chat-like friendly conversation.
The naturalness of the decision tree-based timing generator was comparable to
humans, and the behavior of the dialog system gives a user-friendly impression.

In the future, we will train the decision tree using the dialogs between human
and the system. We will also adopt prosodic synchrony to make the system
response more natural.
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