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Abstract

In this paper, we present the outline of a new model of turntaking that resolves these problems. In particular, we take the
third problem seriously. In order to develop a model that is applicable not only to smooth transitions but also to transitions involving overlapping speech, we investigate acoustic, prosodic,
and syntactic cues that elicit overlapping utterances. In the end,
we propose a model for predicting a turn’s completion in an
incremental fashion using sources from units at multiple levels.

In this paper, we present the outline of a new model of turntaking that is applicable not only to smooth transitions but also
to transitions involving overlapping speech. We identify acoustic, prosodic, and syntactic cues in overlapped utterances that
elicit early initiation of a next turn, based on a quantitative analysis of Japanese three-party conversations, proposing a model
for predicting a turn’s completion in an incremental fashion using sources from units at multiple levels.
Index Terms: turn-taking, overlapped utterances, incremental
processing

2. A precise model
A solution to the above problems may be found in an influential
work by Sacks, Schegloff, & Jefferson [7] on turn-taking for
conversation. They described a turn-taking system that consists
of two sub-components: the turn-constructional component and
the turn-allocation component. The turn-constructional component concerns with the construction of basic units of interaction to which turns are allotted. They called such units turnconstructional units, and emphasized that turn-constructional
units are projectable in the sense that the unit under way can
project what it will take for such type of unit to be completed.
The turn-allocation component describes two ways of allocating a new turn to one party: (a) current speaker’s selecting next
speaker and (b) self-selection by next speaker. A set of rules
are said to operate at every possible completion point of a turnconstructional unit, or transition relevance place (TRP). There
are three options in the rule-set: (a) the turn is transferred to next
speaker by the use of a ‘current speaker selects next’ technique;
(b) the turn is transferred to next speaker by self-selection; and
(c) the turn is continued by the current speaker.
The relationship between the previous works on turn-taking
cues and Sacks, Schegloff, & Jefferson’s model may be depicted
as follows. In the turn-taking cue studies [4, 6], target units are
discriminated into two categories, i.e., the speaker-shift and the
continuation categories. The former category contains cases in
which the options (a) and (b) of the turn-taking rules are applied.
The latter category, on the other hand, contains not only cases
where rule option (c) is applied at TRPs, but also cases where
target units are in the midst of turn-constructional units, since
the units of analysis employed in these studies do not necessarily coincide with turn-constructional units. The cues of rule
option (c) may be substantially different from the cues of midunit; instead, it may resemble the cues of rule options (a) and
(b). Thus, in order to construct a proper model of turn-taking,
we need, in the first place, to find cues to distinguish TRPs from
mid-unit positions and, then, to find cues to predict which rule
option is applied at a given TRP.
In this study, we focus on turn-taking data involving only
rule option (b), as a first step toward a precise model of turn-

1. Introduction
How the context of turn-taking is characterized by syntactic, intonational, pragmatic, and non-verbal features is one of the central questions discussed so far in various fields such as conversation analysis [1], social psychology [2], interactional linguistics [3], cognitive science [4, 5] and computational linguistics
[6]. Duncan & Fiske [2] proposed a turn-taking model in which
participants regulate their turns by exchanging various cues that
indicate their turn-taking states. They found that there was a
strong correlation between these cues and the probability of
speaker-shifts. Koiso & Den [5] and Gravano & Hirschberg [6],
using Japanese and English task-oriented dialogs, respectively,
analyzed the relationship of several acoustic, prosodic, and syntactic features to turn-taking, showing that some features of
speaker’s speech tended to occur distinctively at turn transitions,
and that the probability of the occurrence of speaker-shifts increased with the number of these features.
Although these studies have established prolegomena to
precise modeling of turn-taking phenomena, they seem to have
the following problems:
1. They assumed particular units of analysis and used features involved in them, usually ones from the final portion of these units. Few discussions have been made on
the adequacy of using such units in turn-taking study.
2. They formulated the task as discrimination between two
types of units, i.e., those followed by speaker-shift and
those followed by continuation of the same speaker.
They confused two tasks that should be distinct from
each other: i) completion/non-completion of a unit for
exchange of speakership and ii) transfer/non-transfer of
speakership upon completion of such a unit.
3. They lacked perspective on on-line processing. Turn
transitions are usually very rapid, and large part of the
turn-taking cues so far identified at the end of units may
not be available to participants acting in real time.
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Figure 1: Example of most recent unit boundaries (thick lines) at the SUU, AP, and word levels. The triangle indicates the position
of the start of the overlapping utterance. The following glosses are used: COP: copula, FP: final particle, N: nominalizer, NOM:
nominative case marker, PAST: past tense, TOP: topic marker

ary with break index = 3. They correspond approximately to
intonational phrases. SUUs were automatically extracted based
on the time-stamps in the word annotation and the break index
labels in the X-JToBI annotation.

taking for conversation. We take seriously the third problem
above, i.e., lack of perspective on on-line processing. In our
conversation data, the distribution of transition times between
consecutive utterance-units involving application of rule option
(b) peaks at 0 to 200 ms. This means that participants are very
likely to start a new turn before they have fully processed the
turn-taking cues located at the end of the previous turn. Furthermore, 44% of the data involve overlapping of consecutive
utterances. Analyzing these overlapping cases would lead us to
a solution to how to model turn-taking phenomena coping with
projectability of turn-construction. In what follows, we try to
seek such model based on a quantitative analysis of overlapped
utterances in Japanese conversations.

3.3. Acoustic, prosodic, and syntactic features of the units
Six acoustic features were extracted from regions of words,
APs, and SUUs: the mean F0, the minimum F0, the maximum F0, the mean power, the maximum power, and the average
mora duration. The F0 values were extracted using WaveSurfer
and converted, after log-transformation, into z-scores on a perspeaker basis. The power values were also extracted using
WaveSurfer and converted into z-scores. The average mora durations were calculated by dividing the duration of the unit by
the number of morae in that unit, and converted into deviations
from the overall average mora duration of the speaker.
In addition to these numerically-valued features, the final
boundary tone and the part-of-speech tag were also used as categorical features of APs and words, respectively.

3. Method
3.1. Dialog data
Twelve dialogs, produced by different 36 speakers, were selected from the Chiba three-party conversation corpus [8]. The
Chiba corpus is a collection of casual conversations among
three participants. The participants of each dialog were friends
on campus. Each dialog is about 10 minutes long, and a total of
2 hours of dialogs were used in this study.

3.4. Annotation of turn-transition types
In order to extract the data for the analysis of overlapping
speech, turn-transition types were annotated by hand by one of
the authors [9]. First, for each dialog, only segments in which
the turn-taking rules were in operation were selected, the remaining portion, such as story-telling and explanation-giving,
being discarded. Then, for each LUU in these segments, its antecedent unit was identified, by making reference to the time
information and the linguistic content, and classified into three
types according to the rule option being employed.
In annotating with turn-transition types, the annotator ignored whether or not the current unit was properly launched at
a transition-relevance place of the antecedent unit. By this reason, the data may contain cases where the overlapping utterance
interfered with the previous turn, violating the turn-taking rules.
We, thus, adopted only instances in which the overlapping utterance started within the last SUU of the antecedent unit. Among
1427 LUU pairs involving rule option (b), 412 instances were
overlapping speech. Of them, 354 instances were selected by
the above criteria for further analysis.

3.2. Annotation of units
As an analog of turn-constructional units, long utterance-units
(LUUs) were employed, which have been proposed in our separate study [9]. LUUs are recognized mainly by syntactic and
pragmatic completion of an utterance. Fragments, due to false
starts and self-interrupted speech, and response tokens, such as
un and hee, which are produced by a hearer during a speaker’s
turn, were separately labeled. Although LUUs are different
from turn-constructional units in their extension and concept,
their completion points were found to be nicely coordinated
with new turn’s start [9]. LUUs used in the current study were
labeled by one of the authors.
In order to precisely analyze features of overlapped utterances, identifying what acoustic, prosodic, and syntactic cues
elicit early initiation of a new turn, three other units were introduced: words, accentual phrases, and short utterance-units.
Word boundaries and parts of speech were identified by hand
by an expert annotator, and every word boundary was manually time-aligned to the speech sound by another expert annotator. Accentual phrases (APs) were annotated based on the
X-JToBI scheme [10]. The labeling scheme gives us information about final boundary tones and break indices. A boundary with break index = 2 or greater represents the boundary of
an AP. The annotation of X-JToBI was performed by an expert annotator, and crosschecked by one of the authors. Short
utterance-units (SUUs) [9] are sub-components of LUUs, and
defined as a stretch of speech followed by a pause longer than
100 ms and/or by a stronger intonation boundary, i.e., a bound-

3.5. Categorization of units in overlapped utterances
Now, we introduce the notion of most recent unit boundaries
(MRUBs), which characterize the locations at which some cues
for overlapping speech may be present. MRUBs were defined
relative to each level of unit, SUUs, APs, and words. For unit
level u, the MRUB, denoted as MRUB(u), was defined as the
boundary of the most recently completed unit at level u that occurred prior to the start of the overlapping utterance. Consider
the example in Figure 1. The overlapping utterance starts at the
final word ne (indicated by the triangle mark). Thus, the end-

56

Table 1: Summary of the results. Each row represents an acoustic feature. Each column represents a comparison in which units at a
certain level and at a certain location were compared. (ns: not significant, + : p < .1, ∗ : p < .05, ∗∗ : p < .01)
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Figure 2: Schematic diagram of the patterns of most recent unit
boundaries (thick lines) and their categories. The triangles indicate the positions of the start of overlapping utterances.
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ing boundaries of SUU1, AP3, and word yo are MRUB(SUU),
MRUB(AP), and MRUB(Word), respectively.
There can be four patterns according to whether or not
MRUB(u)s are identical for different us (see Figure 2).
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Figure 3: Characteristics of most recent unit boundaries.
+/− for an acoustic feature means that the feature exhibits a
higher/lower value at that boundary.

MRUB(SUU) = MRUB(AP) = MRUB(Word)
MRUB(SUU) = MRUB(AP) ̸= MRUB(Word)
MRUB(SUU) ̸= MRUB(AP) = MRUB(Word)
MRUB(SUU) ̸= MRUB(AP) ̸= MRUB(Word)

00, and 0 are not shown.)
We are interested in looking at cues of units at multiple levels. We, thus, utilized features of all the units at lower levels
whose endings coincided with unit boundaries at upper levels.
That is, the features of the last AP and the last word of an SUU,
whose endings were coincident with that SUU, were also considered in the analysis. Similarly, the features of the last word
of an AP were included in the analysis. We compare the acoustic, prosodic, and syntactic features of units at MRUBs to those
occurring at non-MRUBs in order to find out the characteristics
of most recent unit boundaries.

These patterns reflect the difference in the timing of the next
turn’s initiation. For instance, in pattern I, where MRUB(SUU)
and MRUB(Word) are coincident with each other, the next
speaker initiates her overlapping utterance immediately after
MRUB(SUU), i.e., within a word immediately following it. In
pattern IV, where MRUB(SUU) and MRUB(Word) are different, by contrast, the next turn is initiated within the next SUU
after MRUB(SUU) but later in that unit, at least one AP plus
one word later.
Next, we assign categories in bit-string forms to all boundaries of SUUs, APs, and words. An SUU boundary may be
either MRUB(SUU) or not. There are two cases when an SUU
boundary is MRUB(SUU) depending on whether or not it is
also MRUB(AP). Moreover, when an SUU boundary is simultaneously MRUB(SUU) and MRUB(AP), it can be further categorized according to whether or not it is MRUB(Word) as
well. Thus, an SUU boundary is coded as 111 when it is
MRUB(SUU), MRUB(AP), and MRUB(Word), 110 when it
is MRUB(SUU) and MRUB(AP) but not MRUB(Word), 100
when it is MRUB(SUU) but not MRUB(AP) nor MRUB(Word),
and 000 when it is none of MRUB(SUU), MRUB(AP), or
MRUB(Word). In the same way, the categories of AP boundaries and word boundaries are coded by double-digit and singledigit bit-strings, respectively. (see Figure 2; categories 000,

3.6. Statistical analysis
To see the difference of the features among the boundary categories, we applied liner mixed-effects models with speaker
as random effect, and obtained p-values using Markov Chain
Monte Carlo (MCMC) sampling implemented in lme4 and
languageR packages of the R language. The comparison was
conducted separately for each unit level.

4. Results
Table 1 summarizes the results of the statistical tests for acoustic features. Those acoustic features that were found to be significantly different between at MRUBs and at non-MRUBs are
shown in Figure 3. The picture also shows the prosodic and

57

syntactic features at MRUBs that were considerably frequent
compared with those observed at non-MRUBs.
The results can be stated as follows. In pattern I, the next
speaker starts overlapping immediately after the MRUB, when
it is ended with a lower minimum F0 value (F0.min:−), a
rising tone (H%) and/or an auxiliary verb in conclusive form
(Aux.F). In pattern II, the next speaker waits for some words,
but not until the completion of the next AP, before initiating
the overlapping utterance, when the most recently completed
SUU, as well as the last AP and the last word of that SUU, is
associated with a faster speaking rate (AMD:−) and an auxiliary verb in non-conclusive form (Aux.NF); the overlapping
utterance is started immediately after a word with a slower
speaking rate (AMD:+), an auxiliary verb in conclusive form,
and/or a sentence-final particle (Pfin). In pattern III, the next
speaker waits for some APs, but not until the completion of
the next SUU, when the most recently completed SUU, in particular its last word, is spoken more quickly; the next turn is
started at the boundary of an AP that is ended typically with
a verb/adjective in non-conclusive form (Verb.NF). In pattern IV, the next speaker’s response is postponed for some words
after the most recently completed AP, which appears in a different configuration as pattern III, with a lower maximum power
value (pwr.max:−), a rising tone, and a verb/adjective and
an auxiliary verb in non-conclusive form (Aux.NF); the responded word exhibits a slower speaking rate and are typically
an auxiliary verb in conclusive form or a sentence-final particle.

R

SUU
AP
Word

R

R
△

Figure 4: An incremental processing model of turnconstruction. The arcs indicate projection at multiple levels.

trates such a view (see Figure 4). An SUU bearing a fast speaking rate at its boundary projects the arrival of the final SUU,
within which an AP with certain characteristics such as lower
maximum power at its boundary projects the arrival of the final
AP, within which a word included in a class of utterance-final
elements finally projects the completion of the turn immediately
afterward. We will develop such kind of incremental processing
model of turn-construction in the future research.
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