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Abstract

In this study, we investigated the relationship between turn-
taking and prosody. We considered that to interact smoothly
in real-time communication, speakers must show presignals
to turn-taking as prosodic features before turn edges. We at-
tempted to discriminate the turn change by the decision tree
method using only prosodic features in turn-final accentual
phrases that include earlier positions compared with turn-final
mora. In the discrimination experiment, we used the corpus of
Japanese spontaneous dialogue, and defined prosodic parame-
ters such as F0 contour, power contour and duration. We com-
pared the two parameter conditions for using parameters with
and without the final mora of turns. From the results, the ac-
curacy under the conditions of not using the parameters of the
final mora is 80%, which is not significantly worse than the re-
sult of 83% when using all parameters. Taking into account
only prosody was used, we consider this result to be reasonably
good.

1. Introduction
In real-time communication, we can interact very smoothly us-
ing speech. There has been a growing appreciation of the im-
portant role of prosody in human-human, and also in human-
machine communication [1, 2]. Prosody has functions that en-
able listeners to achieve real-time and easy understanding, and
to control dialogue smoothly. Making effective use of prosodic
information leads us to the expectations of improvements in
the technologies of speech understanding, speech synthesis, and
spoken dialogue systems.

In this study, we focus on the dialogue management func-
tions of prosody with respect to turn-taking. There have been
many previous studies on turn-taking and prosodic informa-
tion, in various research fields. For example, intonation pat-
terns at sentence boundaries are relevant to modality and dis-
course functions [3, 4, 5, 6, 7, 8]. From another point of view,
for practical applications such as human-machine dialogue sys-
tems, prosodic features are used to detect suitable timing for
turn-taking or backchannel [9, 10, 11, 12]. Most of these stud-
ies have shown that particular combinations of lexical, syntactic
and prosodic information in turn-final can function as cues for
signalling that a speaker wants to keep the floor or wants to end
the turn.

In order to judge whether it is possible to take the turn or
not, however, the hearer does not necessarily have to perceive
the speaker’s utterance to the last phoneme. We observed that
turn-taking proceeded very smoothly with minimal delay be-
tween consecutive speaking turns. In some cases, there were

also successful turn transitions with short overlap, called “latch-
ing”. Therefore, when taking into account these phenomena, in
addition to the above cues at the edges of turns, it is considered
that more global cues to turn-taking exist. The speakers might
show presignals as prosodic features before the turn edge, so
that the listeners clearly know whether a speaker wants to finish
a speaking turn at an earlier time before a possible transition
point. Moreover, in our previous study, we evaluated the effec-
tiveness of prosodic features at earlier positions for estimating
the syntactic structure [13, 14].

Thus, in the present study, we aim to treat prosodic func-
tions more positively with respect to turn-taking. We consider
that prosodic information might have some potential to more
strongly express a speaker’s attitude regarding turn-taking.
From this point of view, we attempt to judge whether the turn
changed or not using only prosodic features. We focused on
the final phrases of utterances which include not only turn-final
mora but also earlier positions of turn-final, and also attempted
discrimination under the condition of using all features except
the final mora. We used the contours, heights and peaks of F0
and the power, duration and speaking rate as the prosodic pa-
rameters.

2. Method

2.1. Speech data

We focused on Japanese dialogue in which the phenomena of
latching often occur. In this study, we picked up the speech data
from the Japanese Map Task Corpus [15], which contains task-
oriented dialogues. Two participants were seated in separate
acoustically insulated rooms, and were given slightly different
maps. One of them (called the “giver”) received a map with a
route drawn on it and was instructed to explain the route to the
other (called the “follower”), who attempted to reproduce it as
closely as possible on his/her own map.

We picked 8 dialogue data spoken by 4 pairs of males. The
length of the data was approximately 68 minutes.

2.2. Unit of analysis

We adopted the unit for analysis in terms of pauses to extract
units objectively according to the method of Koiso et al.[4].
Each utterance was bounded into units by pauses longer than
200 ms, and these were called Inter Pausal Units (IPUs). We
focus on the final accentual phrase (AP) of each IPU in the fol-
lowing analysis. The boundaries between the APs were decided
by experts.

10
.2

14
37

/I
nt

er
sp

ee
ch

.2
00

5-
32



2.3. Annotation

We classified each IPU into two turn-taking categories, namely,
“CHANGE” and “HOLD”. “CHANGE” was assigned to the
case that the hearer of the target IPU produced the next IPU,
and “HOLD” was assigned to the case that the speaker of the
target IPU produced the next IPU (including the case in which
the hearer’s backchannels exist).

We have excluded cases with overlapping (longer than 100
ms) and stopping due to disfluency. Furthermore, we excluded
the cases of affirmative replies, such as only “hai” (“Yes”, in
English) to the speaker’s question or those that indicate confir-
mation, and the cases of an IPU including 3 mora or less, be-
cause in these cases, the prosodic characteristics are considered
to be difficult to identify due to the short length of the reply.

2.4. Prosodic features

We detected prosodic information with respect to F0, power and
duration. Although Koiso et al. treated prosodic features as hav-
ing categorical value [4], we treated them as having continuous
value in order to investigate prosody quantitively.

First, the F0 values of all utterances were extracted at 10 ms
intervals using ESPS/waves+ software, and were then modified
by hand. Then these values were transformed into a logarithmic
scale and normalized (only subtracting by the average of each
speaker).

Secondly, the power values were also extracted at 10 ms
intervals through a rectangular window, transformed into deci-
bels, and normalized by the average of the maximum values in
each vowel of each speaker.

Finally, the duration data were obtained by using the du-
ration of each phoneme, which were hand-labeled by experts.
And the length of each mora was divided by the average mora
duration of each speaker.

2.5. Parameters

We defined the following three regions for calculating the pa-
rameters: (1) the whole of an AP, (2) the head part of an AP
(the first mora of an AP), and (3) the final part of an AP (the last
mora of an AP). We defined region (1) as being the whole of an
AP without the last mora, because we often change the prosodic
features within the last mora in spontaneously spoken Japanese.
Thus, we treated the last mora separately, as indicated for region
(3).

2.5.1. The whole of an AP

We used the contours, heights and peaks of F0 and the power,
duration and speaking rate as the prosodic parameters.

Figure 1 shows the parameters related to F0 for the whole
of an AP (without the last mora). The approximate lines were
calculated with the least square method.

fs : slope of the F0 approximate line

fh : F0 value at the beginning of the approxi-
mate line

fm : maximum F0 value in the second mora 1

The parameters related to power were detected similarly to
those related to F0.

ps : slope of the power approximate line

1In Japanese, F0 contours usually have a maximum value in the sec-
ond mora of an AP.

target AP

IPU

fs

fm

fh

log F0

time[s]

last mora

0
(average of speaker)

Figure 1: Three prosodic parameters for F0 in the whole of an
AP.
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Figure 2: Some prosodic parameters for F0 in the final mora of
an AP. (a): when the duration of the last mora is over 150 ms,
(b): when the duration of the last mora is less than 150 ms.

ph : power value at the beginning of the approx-
imate line

pm : maximum power value of an AP

The parameters related to the duration and speaking rate are as
follows.

l : length of AP

t : average mora duration of AP

2.5.2. The top part of an AP

Similarly to the whole of an AP, we defined the parameters for
the slopes and heights of F0, the slopes and heights of power,
and the duration at the first mora of an AP (without peaks or a
speaking rate); these parameters are expressed as fsb, fhb, psb,
phb and tb, respectively.

2.5.3. The final part of an AP

Some previous studies have suggested that some prosodic pat-
terns of turn-final mora contribute to turn-taking. For example,
Koiso et al. indicated that falling and rising F0 patterns were
related to the changing of turns, while flat, flat-fall and rise-
fall patterns were related to the keeping of turns [4]. There-
fore, since the movements of prosodic features within the final
morae of utterances are also important, prosodic parameters in
the final part of an AP cannot be defined in the same way as
those in the top part because the above parameters cannot ex-
press movements such as a rise-fall pattern. Thus, we defined
the parameters for the last mora as two approximate lines, if its
mora duration was over 150 ms based on the preliminary exper-
iment. We detected the slope of the approximate line using the
highest frequency value of the difference between each adjacent
point in order to measure unstable F0 values in the final parts of
utterances.



First, if the duration of the last mora was over 150 ms (see
Fig.2(a)), the parameters related to F0 for the first half of the
last mora were defined as follows.

fse1 : slope of the F0 approximate line for the first
half

fhe1 : F0 value at the onset of above line

For the latter half, the parameters were as follows.

fse2 : difference between the slope of the first half
approximate line and the slope of the latter
half one

fhe2 : F0 value at the beginning of the latter half
approximate line

The parameters for power were defined similarly to those for
F0, that is, pse1, phe1, pse2 and phe2.

On the other hand, if the duration of the last mora was less
than 150 ms (see Fig.2(b)), the parameters fse1, fhe1, pse1
and phe1 were detected for the approximate lines of the whole
last mora. fse2 and pse2 were defined as zero, and fhe2 and
phe2 were defined as the heights at the center of the approxi-
mate lines.

Incidentally, the parameter te related to duration was de-
fined as the length of the last mora.

3. Experiment
3.1. Materials

Table 1 shows the numbers of data used in the following exper-
iments. These were extracted according to the procedure de-
scribed in Sec.2.3. We used 20% of the data as a test set and the
remaining data as a training set for the open tests.

Table 1: Numbers of data for experiments.

Type CHANGE HOLD
with backchannel without backchannel

Number 557 187 201
388

3.2. Classification method

For the discrimination, we applied a statistical method called a
decision tree by using the C4.5 learning algorithm. This method
can automatically construct a decision tree. However, in order
to avoid excessive adaptation, we determined some of the cri-
teria for constructing the decision tree, such as the maximum
depth of trees and the maximum purity of records in each node,
on the basis of preliminary experiments.

3.3. Results

Table 2 shows the results of discrimination between CHANGE
and HOLD based on the decision tree. In this table, the left col-
umn shows the results obtained using the parameters excluding
those for the final mora of AP, and the right column shows the
case of using all parameters of AP.

From the left column of Table 2 using the parameters ex-
cluding those of the final part, the correct rate is 80% (in closed
test). In the case of using all parameters, the correct rate reaches
the high accuracy of 83%. As the result of a tentative open test,
the correct rate was about 74% and 77% under each parameter

Table 2: Correct rate of discrimination between CHANGE and
HOLD.

Parameters excluding final part all
closed test 80.4% 83.2%
open test 74.1% 76.7%
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Figure 3: Top parts of the abridged decision trees obtained un-
der the two parameter conditions. (a): using the parameters
excluding those of the final part, (b): using all parameters.

condition. The result when using the parameters of only the fi-
nal part is 81% in closed test and 76% in open test, although
these are not shown in the table.

Figure 3 shows the top part of the abridged decision trees
obtained under the conditions of using the parameters excluding
those of the final part and using all parameters.

From Fig.3(a), it is evident that the effective parameters ex-
cluding those of the final part are as follows.

• t (average mora duration of AP)

• ps (slope of the power approximate line)

From Fig.3(b), showing the case of using all parameters, the
effective parameters are as follows.

• phe2 (height at the beginning of the latter
half power line for the final mora of AP)

• t (average mora duration of AP)

4. Discussion
From the comparison between the two decision trees shown in
Fig.3, it is evident that the parameters for the last mora are in-
fluential with respect to discrimination between CHANGE and
HOLD.

In particular, the rise-fall F0 patterns are highly distinctive
and are usually labeled HOLD. In the case of using all param-
eters, more than 60% of them are concentrated in one node of
the decision tree and are correctly judged HOLD. On the other
hand, in the case of using the parameters excluding those for the



final part, they are dispersed into roughly four nodes of the deci-
sion tree and the correct rate is somewhat lower. Moreover, the
data which are incorrectly discriminated under the condition of
excluding the final part and those which are correctly discrimi-
nated by using all parameters, have mostly rise-fall F0 patterns
in the final mora. Even if there is no rise-fall pattern in the final
mora, the extended duration and intensified power are also ef-
fective in discrimination. These results might indicate that it is
possible for us to change the intention about turn-taking dynam-
ically, particularly in the final part of the utterance. Therefore,
it is considered that the prosodic features of the final mora are
probably more effective as was argued by Koiso et al. [4].

However, in the case of not using the parameters of the final
mora of AP, we consider that the accuracy is reasonable com-
pared with the results obtained using all parameters of AP, in
spite of not using the prosodic features of the final mora which
are considered effective as mentioned above. It is suggested that
presignals to turn-taking exist before the turn edge.

To analyze the role of prosody more specifically, we investi-
gate two particular cases which are called latching and question.

Latching is the phenomenon in which the listener starts to
speak or reply by backchannel slightly before the speaker has
finished their utterance. In this case, it is considered that turn-
taking is smooth although the two utterances are overlapped for
a short while. In the case of question, which includes interroga-
tive particles, the last mora of utterances have mainly rising F0
patterns in Japanese.

We picked up the latching and question data from the re-
sults of discrimination in Table 2 obtained in the above exper-
iments (under the condition of not using the parameters in the
final mora of AP), and Table 3 shows the result. The data for
experiments shown in Table 1 includes 251 latching data and 72
question data.

Table 3: Results of discrimination in cases of “latching” and
“question” which were picked up from Table 2 under parameter
condition of not using final part (closed test).

latching question neither case total
83.3% 94.4% 78.1% 80.4%

From Table 3, the correct rate for latching is 83% using pa-
rameters excluding those in the final mora. In particular, in the
case of CHANGE as the true type, most data were discrimi-
nated correctly even though the parameters in the final mora of
AP were not used 2. Therefore, in this particular case, in which
the listener did not hear till the speaker finished the utterance,
it might be considered that the prosodic features before the last
mora could work more effectively.

On the other hand, the correct rate for question is 94%,
which is highly accurate compared with the results for neither
case in Table 3. This result is very high in spite of not using
the final rising F0 pattern. Therefore, in this case, similarly to
latching, it might be assumed that prosodic features before the
last mora are effective, although it is considered that whether
the turn would be changed might also be predicted on the basis
of the context.

2In most cases of HOLD misclassified by not using the parameters
of the final part, these are the rise-fall F0 patterns at the final mora of
the preceding speaker’s utterance. Therefore, it is possible to suppose
that the listener unintentionally latched due to the extended length of
the speaker’s final mora.

5. Conclusion and future work
In this study, we investigated the relationship in Japanese spon-
taneous dialogue between turn-taking and prosodic features
such as fundamental frequency (F0), power and duration. We
focused on the turn-final accentual phrases, and attempted to
discriminate these data according to whether the turn changed
or not by using the decision tree method. Then we compared
the results obtained under the two parameter conditions of us-
ing prosodic features with and without the final mora.

In a comparison between the obtained two decision trees,
it is found that the parameters related to the final mora are as
effective as those in previous studies. However, in the case of
not using the parameters of the final mora, the accuracy is 80%
which is reasonable compared with the result of 83% obtained
using all parameters. Moreover, it is found that most of the
judgments are the same under both parameter conditions, par-
ticularly when the turn changes. We consider this result to be
reasonably good in taking into account using only prosodic fea-
tures before turn edges without linguistic information.

In the future, we will suggest applying the knowledge ob-
tained by this study to spoken dialogue systems. For that pur-
pose we will investigate the discrimination method which is
possible to extract the prosodic parameters in real-time process-
ing 3 and to predict suitable timing for turn-taking before turn
edges.
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