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ABSTRACT

On the basis of headset microphone multichannel dia-
logue recordings we show that pause and overlap du-
rations are Gaussian distributed, when projected on
a logarithmic scale. This implicitly challenges Sacks,
Schegloff and Jefferson’s principle: ”Minimize gap and
overlap”. We compare turn taking patterns of the lan-
guages German, American English and Japanese and
calculate time constants that might be relevant for the
design of automatic dialogue management systems.

1 INTRODUCTION

Turn taking has been a topic of research for nearly
thirty years. Sacks et al. [7] were one of the first who
specified a model for turn taking in a conversation.
They propose that turn taking can only happen on
transition relevance points, which are the projected
end points of lexically or semantically defined units,
so called turn constructional units. “Minimize gap and
overlap” is the principle, that governs the temporal or-
ganisation of turn taking. This reflects the aim of the
dialogue participants to produce a fluent conversation.

Duncan [3][4][5] proposes that the speakers turn is
segmented in phonemic clauses, which are utterance
units defined by prosody, syntax, breathing and ges-
ture. The hearer uses back channel cues to take part
in the organisation of the conversation. He found that
overlap occurs more often in informal dialogues, while
it is less frequent in formal conversations.

2 CORPUS

2.1 THE CORPUS OF VERBMOBIL II
During the second phase of the VERBMOBIL project
(VM II) [1] a great number of spontaneous speech di-
alogues has been recorded. In all monolingual record-
ings two native speakers of English, German and
Japanese were given the task to plan a business trip.
This included fixing a date for the journey, organis-
ing transportation and accommodation as well as mak-
ing plans for the evening. The subjects were equipped
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timetables for planes and trains, information on
ice of hotels and, to make it not too easy, two
ulers with some appointments already entered.
subjects were seated face to face at a table. Al-
h the subjects were instructed not to interrupt
other and to produce as few overlaps as possible,
resulting dialogues turn taking followed the rules
alm natural conversation. During the whole dia-
each subject was recorded via telephone, headset
oom microphone resulting in six separate chan-
hich where orthographically transcribed and seg-

ed into turns.

NNOTATION AND SEGMENTATION
r investigation we used the two headset channels1

German (g), 14 American English (e) and 17
ese (j) dialogues and the corresponding ortho-
ic transcriptions plus the turn-marker files, con-
g the time stamps where the discrete turns begin
nd. The German dialogues comprise 24 different
ers (12 female, 12 male), the American English
female, 10 male) and the Japanese dialogues 27
male, 11 male).

turn definition is implicitly based on the Verb-
l transcription conventions [2]. In our dialogue
l each speaker has his/her own channel, which
ins speech segments and silence. In such a chan-
turn begins either with the first word of a dia-
or with the first word breaking the silence that
s the previous turn. The silence between two
of one speaker is always overlaid by an utterance

s/her dialogue partner. In this case it is clear
e the previous turn ends and the next turn be-
If a pause or a word of speaker one (SPK 1) is
id by a turn of speaker two (SPK 2) and SPK 1
not react on SPK 2, no turn break is annotated.
xample for this is back channeling. A turn begins
the frist sound, which could even be a breath or a
k when the speaker opens his mouth. The expe-
ed annotator can easily hear this as breathing or
king because of the high quality of the recordings.
rbmobil the turn-boundary markers were placed
to forty milliseconds before and after the actual

he full dialogue recordings are only contained in the origi-
ition of the Verbmobil II Corpus.



turn begin and end. Therefore we had to correct the
labeling by hand.

3 ANALYSIS

We compared durational aspects of turn taking in
American English, Japanese and German. Our focus
was on the duration of pauses and overlaps. In the fol-
lowing we will refer to pauses as time frames in which
both speakers are silent. Overlaps are time frames in
which both dialogue participants speak.

3.1 TURN TAKING PATTERNS
In this investigation we will neglect semantical aspects
and prosody. Therefore we propose the following turn
taking patterns (see also fig. 1):

Case 1: Successful turn transition from SPK 1 to
SPK 2 involving a pause between the successive turns.
Case 2: Successful turn transition from SPK 1 to
SPK 2 with a short overlap.
Case 3a: Turn transition from SPK 1 to SPK 2. SPK
1 makes a short pause before finishing her/his turn.
SPK 2 starts in this short pause and keeps the turn,
causing a short overlap.
Case 3b: Turn transition from SPK 1 to SPK 2.
SPK 1 makes a short pause before finishing her/his
turn. SPK 2 starts after this short pause and keeps
the turn, causing a short overlap.
Case 4a: SPK 1 keeps the turn. After a short pause
of SPK 1 both dialogue partners start speaking. SPK
2 starts shortly before SPK 1, but gives up. This
causes a pause and an overlap.
Case 4b: SPK 1 keeps the turn. After a short pause
of SPK 1 both dialogue partners start speaking. SPK
2 starts shortly after SPK 1 and gives up. This causes
a pause and an overlap.
Case 5a: SPK 1 keeps the turn. A short interference
of SPK 2 causes an overlap.
Case 5b: SPK 1 keeps the turn. SPK 2 makes a
short utterance during a pause of SPK 1.
Case 5c: SPK 1 keeps the turn. SPK 2 interferes
while SPK 1 is speaking. SPK 1 makes a short pause,
in which SPK 2 finishes. SPK 1 continues his/her
turn. This causes a short overlap and a pause.
Case 5d: SPK 1 keeps the turn. SPK 2 interferes
while SPK 1 is speaking. SPK 1 makes a short pause
and starts speaking again. SPK 2 finishes, causing
two overlaps.

As displayed in Table 1 in all of the analysed languages
the Cases 1, 2 and 5a are the three most frequent turn
taking patterns. They occur in the same order and
similar rank positions have approximately similar rel-
ative frequencies. All other cases occur less than 15
times (absolute numbers).
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SPK 1 Turn 1

SPK 2 Turn 2
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PK 1 Turn 1

PK 2 Turn 2

OV

Case 3a

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

P OV

Case 3b

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

P OV

Case 4a

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

P OV

Case 4b

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

P OV

Case 5a

SPK 1 Turn 1

SPK 2 Turn 2

OV

Case 5b

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

P1 P2

Case 5c

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

OV1 P2

Case 5d

SPK 1 Turn 1 Turn 1

SPK 2 Turn 2

OV1 OV2

re 1: Different cases of successful or unsuccessful turn
taking in VMII dialogues

ISTRIBUTIONS OF DURATIONS
eriod of time in which the turn is actually passed
one speaker to the other or back to the previous
er again is characterised by a pause, an overlap
sequence of pauses and overlaps. Therefore we
ionally defined a quantity that covers the whole
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Language English German Japanese
Pause 2.58, 0.49 (380ms) 2.56, 0.44 (363ms) 2.59, 0.54 (389ms)

Overlap 2.41, 0.49 (257ms) 2.52, 0.51 (331ms) 2.19, 0.52 (155ms)

Figure 2: Histograms of logarithmic pause and overlap duration in three languages. The tabele gives log10 mean, standard
deviation and in brackets duration in milliseconds.
Case English German Japanese
1 811 483 843
2 218 126 203
3a 3 - 10
3b 2 1 1
4a 6 14 4
4b 1 2 -
5a 82 72 52
5b - 8 9
5c - 3 2
5d - 2 -
Σ 1123 711 1124

Table 1: Frequency of all cases.

time in which it is not clear who is going to continue
the dialogue and called it turn transition time (TTT).

Durations are always positive numbers. Therefore we
do not expect to get a symmetric distribution in a his-
togram. We took the logarithm of duration and tested
if the resulting histograms resembled the shape of a
Gaussian distribution. For all patterns for which the
constraints of a χ2-Test applied we could clearly re-
ject the hypothesis that they are not Gaussian. On
the basis of these findings we assume that for all pat-
terns the distributions of the logarithmic durations are
Gaussians. We used T, F and Welch Test for the sig-
nificance estimations in the logarithmic domain.
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UCCESSFUL TURN TAKING
1 and 2 represent the situation of successful turn
g. At a first glance both have the shape of a
sian bell curve (see fig. 2). Taking a closer look
overlap histograms rises the suspicion, that there

ctually two Gaussians. The big one in the center
e plot and a small one with its peak around 1.7

corresponds to 101.7 = 50ms. All pause his-
ms show a distinct sharp peak roughly at the
mum of the broad Gaussian. Both phenomena oc-
cross all languages. Although the number of data
s in the single speaker histograms is relatively low,
d some evidence supporting the superposition of
aussian distributions for overlaps even there. To
sure that these phenomena are not artefacts a

r amount of data has to be analysed in a further
.

we will try to answer the question if the same
constant applies to the pauses of Case 1 and the
ps of Case 2. The T-Test revealed the following
s: In American English and Japanese the distri-
ns are different (highly significant). For German
are similar (α = 0.8).

mean values of the pauses are similar in all lan-
s (α > 0.25). The means for the overlaps are

y significantly different for the language pairs En-
– Japanese and German – Japanese. For German
nglish they are different at the 0.05 level.



3.4 COMPETITIVE TURN TAKING
The cases 3a, 3b, 4a and 4b have competitive elements.
The turn transition begins with a pause after which
both subjects start speaking. Since these cases are very
rare in our corpus, we merged them to case 3+4. We
found that the pause distribution of the speaker who
starts second after the pause is narrower (English) or
about as wide as the pause distribution of the speaker
who starts first (German, Japanese). The overlap dis-
tributions of these cases are broad and heterogeneous.

3.5 BACK CHANNELING
With short turns of SPK 2 the cases 5a-d exhibit a
pattern that could be interpreted as back channeling.
Case 5a is clearly dominant in all three languages. In
English the other cases (5b-d) do not occur. In German
and Japanese they are very infrequent. Therefore we
cumulated them in one group (case 5bcd).

Case 5a does not involve a pause. Therefore the TTT
should be shorter than in case 5bcd. We found this
for German (2.55 (355ms) vs. 4.23 (16982ms)) and
Japanese (2.53 (339ms) vs. 4.06 (11482ms)).

We will now examine the cases 5a and 5bcd if they
have distinct turn durations. In our German dia-
logues we found a significant difference between the
turn duration of the 2nd speaker’s turn (α = 0.01).
For Japanese, this is not the case (α = 0.2).

For the language pair German – Japanese the mean
values of the turn durations in case 5a (3.7 (5000ms))
are similar (α = 0.3). In our English data this value is
significantly higher (3.9 (8000ms)) .

The findings of Koster [6], that in cases 5bcd there is
a tendency for P1 pauses to be shorter than P2 pauses
are only partly reflected in our few German data (α =
0.3). But for Japanese the P1 pauses are significantly
shorter.

4 CONCLUSION

We found reliable results for successful turn taking
involving only a pause (Case 1) or only an overlap
(Case 2) and for back channeling (Case 5a) involving
no pauses. All other cases were very infrequent. From
a general perspective the results for English, German
and Japanese are almost identical, although we found
significant differences in the time constants.

The principle of Sacks, Schegloff and Jefferson [7],
”Minimize gap and overlap”, would predict a great
number of directly adjoining turns. We did not find
this in our multi channel recordings with sensitive au-
dio equipment. We rather found that overlaps and
pauses are Gaussian distributed, when using a loga-
rithmic scale for duration (see fig. 2).

Back channeling patterns usually involve no pauses
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tab. 1), which suggests that it is either coordi-
by prosodic, syntactic or semantic cues or not

inated at all.

t reliable data for the rarer cases, it would be nec-
y to relabel more Verbmobil dialogues or record
pus with a different task, using multi channel
dings.

he design of automatic dialogue management sys-
it is encouraging that over 96% of the turn taking
rns fall into three cases. Half of all turn transi-
are finished after approximately 400ms and 97%
4.6 s. Temporal distributions of pauses, overlaps
urn transition time combined with frequency of
rence for all turn taking patterns can form the
for a probabilistic model of natural turn taking.
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