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Abstract 
Current advances in spoken interface design point towards a 
shift towards more “human-like” interaction, as opposed to the 
traditional “push-to-talk” approach. However, human dialogue 
is characterized by synchrony and multi-modality, and these 
properties are not captured by traditional representation 
approaches, such as turn succession. This paper proposes an 
alternative representation schema for recorded (human) 
dialogues, which employs per frame averages of speaker turn 
distribution, in order to inform further analyses of temporal 
features (pauses and overlaps) in terms of inter-speaker 
accommodation. Preliminary results of such analyses are 
provided. 
Index Terms: spoken dialogue systems, representation, 
synchrony 

1. Introduction 
Spoken dialogue systems (SDS) are increasingly becoming 
popular as interfaces for a variety of applications [1]. The 
motivation of this is that users require little or no training in 
order to use a speech interface, as opposed to point-and-click, 
text input, or other interfaces, and that speech in itself is the 
most common form of human communication, thus believed to 
make the experience of dealing with the system more 
enjoyable for the user. However, little is shared among human 
dialogues and human-machine dialogues [2].  Human dialogue 
speech is characterized by synchrony, or convergence of 
temporal features, active listening, “smooth” turn exchanges, 
non-interrupting overlap speech, and multi-modality. SDS 
design, on the other hand, has recently matured enough to 
consider providing for such properties of human dialogues to 
be present in human-machine dialogues [3]. The motivation is 
to enhance the capabilities of SDSs to be perceived through a 
“human metaphor” [1], like speaking to a real person, rather 
than a machine. Therefore, it is essential to study these 
phenomena (synchrony, convergence, multimodality) in 
human speech; hence the requirement for analysis of annotated 
corpora of natural dialogues, and for dialogue speech 
representations that go beyond characterizing individual turns 
to one speaker or the other.  

2. Convergence, synchrony, 
accommodation 

The phenomenon of convergence (sometimes termed 
alignment, entrainment or accommodation) refers to an 
observed behaviour in human dialogues, mainly a tendency of 
the interlocutors to “match” or “converge” in certain 
properties of their speech [4]. These properties are numerous 
and include lexical accommodation (using common terms 
without explicitly agreeing to do so), accent, dialect or 
pronunciation (typical in dialogs among members of the same 

ethnic/cultural group), acoustic/prosodic features (F0, 
intensity, pitch range) and temporal features (pause duration, 
speech rate, overlaps). A slightly different definition is given 
in [5]: Behavioral matching is used as an umbrella-term for a 
variety of phenomena involving similar or identical behaviours 
by the interactants. Convergence is the process of moving 
towards behavioral matching, and synchrony is the temporal 
“version” of behavioral matching. According to both [5] and 
[4], convergence can be autonomous, semi-autonomous 
(habitual) or intentional, but it has also been characterized as 
mechanistic [6]. Whatever the functional purpose, 
convergence is a property of human speech that persists in 
human-computer interaction [7, 8], where users where found 
to converge in various (including temporal) features of  
interactive agents. 
These findings point to the direction of further studying these 
phenomena in human dialogues, in order to inform interaction 
management design for SDSs, along the lines of the human 
metaphor proposed in [1]. This study focuses on convergence 
of temporal features (pause length and overlaps) of 
spontaneous dialogues. Previous studies on substantial corpora 
(e.g. [9]) have shown that there is accommodation 
(convergence) between speakers for these features across 
entire dialogues. Our previous hypothesis that this occurs 
continuously during the course of a dialogue was inconclusive 
[10]. In our opinion, this is in part the result of the adherence 
to the idea of “turns”, which - in itself-  is inadequate to 
capture the mode of speech “exchange” that occurs in 
spontaneous dialogues. Therefore, we propose a new 
representation schema that abandons turns and instead 
introduces turn-shares and other measures for characterizing 
turn-share distribution. Subsequently, a preliminary analysis of 
temporal feature accommodation (in terms of turn-share 
distribution) is presented as an example of the usefulness of 
the approach. 

3. Methodology 
The corpus used in this study is described elsewhere [10]. 
Briefly, it consists of spontaneous dialogues recorded from 
cooperative task experiments. Interactants have audio but no 
visual contact, as they are situated in two separate isolation 
booths. The resulting audio files were analyzed with the 
speech analysis software Praat [11]. As a first step, silences 
were automatically annotated using an intensity threshold. 
These annotations were then manually corrected for errors 
(namely stop consonant closure is typically silent) and non-
silent intervals were classified as speech or non-speech. This 
classification was based more on the prosodic features of the 
utterances, rather than a linguistic categorization. For example, 
nonsense words such as “uhm” “uh-hah”, typically found in 
back-channeling expressions, are similar (prosodically) to one-
syllable words such as “yeah”, ”no”, etc, in that they are 
voiced and have similar pitch and amplitude contours. These 
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were therefore classified as speech. Non-speech intervals 
contain instances of laughter, sighs and loud breaths that are 
perceived as part of a speaker’s utterance, as they extend its 
duration. The resulting annotated intervals can be displayed as 
a timeline or chronograph [12] of the dialogue (see Figure 1). 
Disregarding non-speech intervals for the moment, this picture 
effectively shows the turn distribution of the dialogue, in other 
words when each of the speakers talks and when he/she 
remains silent.  
 
 
 
 
 
 
 

Figure 1- Schematic of a chronograph showing turn distribution in 
a dialogue  

In the past, several attempts have been made (including 
the authors’), to define what is a “turn” from the above 
picture [10, 13]. Typically, a turn is defined as a stretch of 
speech that belongs to one speaker and lasts until the other 
speaker is given the floor. This definition, albeit 
convenient for information retrieval and other turn-based 
scenarios, is insufficient for spontaneous speech 
representation. There are at least two reasons for this: a) 
spontaneous dialogues contain large amounts of 
overlapping speech, which has to be attributed to one of 
the two speakers, i.e. they cannot both be holding the floor 
at the same time. As clearly pointed out in [9], there are 
situations where it is not possible to decide unambiguously 
who is “talking” and who is “interrupting”; b) in 
spontaneous dialogues, speakers barge-in “out of turn” and 
this is not considered an interruption, especially if they are 
agreeing to what the other person is saying. This can either 
be perceived as an interrupting short-turn, if the floor is 
given back to the original speaker, or as a non-interrupting 
“out of turn” segment (i.e. not a turn). 

3.1. Beyond turns 

In order to address the issues outlined in the previous 
paragraph, we propose a new dialogue representation that 
completely ignores the notion of ‘turns’ and replaces it with a 
new measure termed turn share. Before defining turn share, a 
few other measures have to be defined first. Let the part of the 
dialogue shown in Figure 1 be a frame of known length, L. 
During this time frame, both speakers share the floor at any 
time, both when they are speaking as well as when they are 
silent. The dialogue is a shared experience where each 
interactant participates with their speech, but also their choice 
to remain silent and actively listen, instead. Therefore, at any 
time point in the frame, each speaker can be in only one of two 
states: active (speaking) or passive (silent). “Speaking” may 
also include non-speech segments, as the speaker is active 
when producing them. We define two proportional measures, 
active time AT and passive time PT as: 

AT =
L
A

L
,PT =

L
P

L
                  (1) 

 
where LA,LP are the total durations of speech and silence in the 
frame. These two measures have the property AT + PT = 1, 
which means that one can obtain AT by annotating only the 

silences and calculating AT = 1 - PT.  The turn share TS is 
then defined as: 
 

TS
1
=

AT
1

AT
1
+ AT

2

,TS
2
=

AT
2

AT
1
+ AT

2

 (2) 

 
where TSn, ATn are the turn share and active time of speaker 
n, respectively. Except for the obvious property TS1 + TS2 = 1, 
the definition can be extended for interactions with more than 
two speakers. Also it should be noted that (AT1 + AT2) can be 
(and often is) longer than L, the length of the frame, due to the 
overlaps. In order to comprehend the physical meaning of turn 
share, it is helpful to look at a plot of turn shares over time 
(see Figure 2). 
 

 
Figure 2 -– Turn share plot obtained by calculating TS for 

two speakers over 4-second-long frames 

In this plot, each bar corresponds to a frame four seconds long 
and the vertical axis (time) progresses from the bottom to the 
top of the figure. Only a part of the dialogue is shown 
(approximately 4,5 minutes long). What information can be 
extracted from this representation? First it can be seen whether 
one of the speakers dominates the dialogue and in which parts. 
This can be useful for statistical analysis of temporal and other 
features depending on whether a speaker has a greater turn 
share, as opposed to whether it is his/her turn. Second, it can 
be seen that it is rare for either speaker to remain passive for 
more than 4 seconds. Within this part of the dialogue, this 
occurs 5 times for speaker 1 and 9 times for speaker 2, 
including the extraordinary 8 sec pause. It is even more rare 
for both speakers to be passive for more than 4 seconds (not 
shown in the plot). Of course, it is possible that a pause longer 
than 4 sec is “cut in half” by the frame boundary. This can be 
overcome by either making the frames longer or by taking 
overlapping frames. There is a trade-off between frame length 
and “resolution” in this representation: Shorter frames reveal a 
finer picture of the exchange, the limit of which is Figure 1. 
Longer frames contain less occurrences of total frame 
domination by either speaker, but contain a greater amount of 
complete utterances, which is useful for analysis of acoustic 
and prosodic features (see discussion). In addition, it would be 
desirable to obtain a representation for the amount of overlap 
and silence in a given frame. In fact, such a representation has 
been used before [12], in order to visualize turn distribution 
for the duration of entire dialogues. Again considering Figure 1, 
the two chronographs are projected on a single timeline (see 
Figure 3). Four measures (proportional to the frame length, 
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L) can be defined in similar manner to the definition of AT 
and PT above. These are shown in Table 1 below. 
 
 
 
 
 
 
 
 

Figure 3 - Schematic of turn distribution calculation process 

Measure Descriptiom Formula 
S1 Speaker 1 portion  S1 = LS1 / L 
S2 Speaker 2 portion  S2 = LS2 / L 
TP Total silence  TP = LP / L 
TO Total overlap  TO = LO / L 

Table 1 - Definitions of proportions in frame for speaker turn, 
overlap and silence 

It follows from the definition that the sum of all four 
proportions equals one, and that the quantity (1-TP), hereafter 
joint active time, JAT, is the sum of the other three 
proportions. JAT is a measure of how “engaged” or  “active” 
(in terms of liveliness or in presence of an argument) the 
particular part of the dialogue is, as more active dialogues are 
expected to have fewer pauses. 
 

 
Figure 4 - Per frame turn distribution for frame length equal 

to 4 seconds (50% overlap) 

The overlap time, TO, is also expected to be a good indicator 
of high activation. Therefore, a direct application for these two 
quantities may well be automatic recognition of activation (in 
the context of emotional speech) in spontaneous dialogues. 
Figure 4 shows a per frame turn distribution plot for one of the 
dialogues recorded. As in Figure 2, the vertical axis (time) 
progresses from the bottom to the top of the figure. The red 
areas are stretches of the dialogue characterized by large 
amounts of overlap speech (non-speech included). JAT equals 
the length of the bars (from left to right), as the silence 
proportion TP is drawn in white. One can discern that longer 
bars seem to coincide with red areas, which means that more 
active speech is characterized by longer and/or more frequent 
overlaps. In fact there is strong statistical correlation between 
JAT and overlap (see results). 

3.2. A practical example 

We have applied the methodology described above in a 
preliminary investigation of latency (pause before speech) and 

overlap rate, in order to see if there is accommodation of these 
temporal features between the two speakers in relation to turn 
share and JAT. Previously, this was investigated using the 
TAMA (time-aligned moving average) methodology [10], and 
the results were inconclusive. The initial hypothesis was that, 
if there is pause length and overlap rate accommodation across 
entire dialogues, then there should be similar trends over time 
during the dialogue for the two speakers. This has not been 
validated, although the study is still in progress. However, we 
can investigate an alternative hypothesis, namely that pause 
length and overlap rate also depend on the turn-share context 
of a particular part of the dialogue (the two hypotheses are not 
mutually exclusive).  
It is noted that, although we have abandoned turn taking as a 
representation, pauses and overlaps may still belong to one of 
the speakers, but this is defined in an unambiguous way (see 
Figure 3). In the common timeline (bottom), each pause is 
attributed to the speaker that follows immediately after. There 
is no discrimination between “turn-switch” and “in turn” 
pauses because there are no turns! The average pause length 
(APL) for the frame is calculated for each speaker as the total 
duration of pauses that belong to that speaker, divided by their 
number. For overlaps, the timeline interval immediately before 
is considered. If it is an interval of speaker 1, then the overlap 
is attributed to speaker 2. In Figure 3, the first of the two 
overlaps (left red rectangle) is an interruption by speaker 1, 
and the second one is an interruption by speaker 2. The 
overlap rate (OR) of each speaker is defined as the number of 
occurrences of overlap in the frame, over the number of 
utterance segments of that speaker in the frame. Essentially, 
this describes how often a speaker starts speaking before the 
interlocutor has finished.   
The results are shown in Table 2. A frame length of 5 seconds 
was used (no overlap). Significant correlations are found for 
both APL and OR in relation to turn share and JAT.  
 
Dial
ogue 

TDD 
(sec) 

SN 
(%) 

TO 
(%) 

TP 
(%) 

APL 
JAT 

APL 
ER 

OR 
JA
T 

OR 
TS 

F 36 -0.6 - 0.3 - 1 
M 

428 
44 

17 18 
-0.5 -0.3 0.5 -0.3 

M 36 -0.6 -0.3 0.4 -0.4 2 
M 

490 
33 

15 16 
-0.7 - 0.5 -0.2 

M 39 -0.6 -0.3 0.5 - 3 
F 

409 
25 

13 23 
-0.4 - 0.6 - 

F 29 -0.5 -0.5 0.4 -0.4 4 
F 

516 
22 

10 39 
-0.7 -0.4 0.4 0.3 

M 42 -0.7 - 0.4 -0.4 5 
M 

363 
30 

8 20 
-0.4 -0.3 - - 

 

Table 2 - Experimental results. Total dialogue duration (TDD), total 
speech portion for each speaker (SN), total overlap (TO), total silence 
(TP) and correlations of APL and OR with JAT and ER and TS are 
shown. All correlations are significant at the 95% level (t-test with n-2 
degrees of freedom, where n equals the length of the data).  

As expected, APL is negatively correlated with JAT, as more 
active speech is characterized by shorter pauses. APL is not 
correlated to turn share, but is weakly correlated to a function 
(hereafter exchange rate, ER) derived from both turn shares as 
 

 ER =
TS

1
,TS

1
! 0.5

TS
2
,TS

1
> 0.5

"
#
$

  (3) 

 

   Speaker 1        Speaker 2        Overlap        Silence 
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which has a maximum at 0.5 (for equal turn shares) and a 
minimum at 0 (when the frame is dominated by either 
speaker). The correlation between APL and ER is negative, 
which shows that pauses occurring during frames with higher 
exchange rates tend to be sorter. There is a weak negative 
correlation between OR with TS, which indicates that speakers 
overlap less often when they dominate the turn. The positive 
correlation of OR and JAT implies that speakers overlap more 
often when the dialogue is more active. These somewhat 
intuitive results provide support to the hypothesis that there is 
indeed accommodation of floor-taking behaviour in relation to 
turn-share characteristics. It is emphasized that this is only an 
exploratory study; therefore, the results have to be validated 
with further experiments. 

4. Discussion 
The results of the exploratory study, although intuitive to an 
extent, support the argument that the proposed representation 
of spontaneous dialogues can be useful. One advantage of this 
representation is that it moves away from turn attribution and, 
consequently, the shortcomings of defining turns solely from 
the chronograph of the dialogue. Clearly, turn segmentation 
can only be achieved by discourse analysis which, in the 
context of SDS pre-requires automatic speech recognition 
(ASR) and spoken language understanding (SLU) output. 
However, it is desirable for the interaction management 
component (which manages when the system can speak to the 
user or when the user’s turn has ended) to operate 
independently of these components, due to their high error 
rates in practice. For this reason, spoken dialogue systems 
have to rely on low-level information from the signal to 
manage turn-taking behaviour, namely the duration of turn-
switch pauses and prosodic features such as final vowel 
lengthening. The approach presented here provides an 
alternative solution: The interaction management component 
can adapt to the ongoing session and adjust its thresholds and 
latencies according to JAT and TS. It would be naïve to 
consider that the methodology outlined here could replace the 
current methods of SDS design; rather, the proposed 
representation should at best be seen as a starting point 
towards more flexible representations of the dynamics of 
human (and human-computer) interaction, which in turn may 
push naturalness of SDSs forward.  
One argument against the representation presented here is that 
there is loss of information due to the averaging “sliding 
window” process. Indeed, the length of the applied frame 
determines the time resolution of the representation. But, as 
indicated by the example analysis presented here, there is 
nothing preventing us to use the original timeline in order to 
extract features and analyze them in combination with the 
proposed representation. The purpose of the averaging is only 
to extract information about the turn-share distribution 
properties in the neighborhood of a segment (in this case a 
pause or an overlap). This information can also be combined 
with other inputs, such as low-level acoustic and prosodic 
features. 
The size of that neighborhood, or frame-length, is another 
feature that needs to be considered. As discussed earlier, there 
is a trade-off between time resolution and frame length. It is 
desirable to keep the frames (and consequently the time 
resolution) small, because ER (or TS) is very sensitive to 
frame length: the worst-case scenario is that a frame with 
ER=0.5 is actually two adjacent “half-frames” with ER = 1 
(each speaker dominating one of the adjacent half-frames, 
yielding an equally shared frame). This can be allowed for 
short frames, because even when this is the case, responses are 

often anticipated before they occur, therefore the speakers 
know that there is going to be an exchange. Indeed, the 
correlations in Table 2 remain significant for frames with 
length approximately up to 8 seconds. JAT and TO, on the 
other hand, are less sensitive to frame length, and can be used 
to monitor lower frequency variations in activation, or 
engagement in the dialogue.   

5. Conclusions  
In this paper, an alternative method of dialogue speech 
representation was presented, that lends itself to analyses of 
spontaneous dialogues that do not “conform” to the turn-
taking paradigm. A preliminary analysis of temporal features 
(pauses and overlaps) has showed that the approach can be 
used to extract useful information in relation to turn-share 
distribution around these features. 
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