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Analysis of turn-taking in the Slovak interview
corpus

S. Ond4s™, J. Juhar®

* Department of Electronics and Multimedia Communications, Technical University of Kogice, Slovakia
(stanislav.ondas, jozef juhar)@tuke.sk

Abstract—Proposed paper deals with the turn-taking
mechanisms in the dyadic human-human interactions in
Slovak language. Described research aims to bring an initial
analysis of the turn-taking behavior. We decided mainly to
focus on overlapping speech segments. Human-human
dyadic interactions were analyzed on the small corpus of
interactions, to identify intention of taking a floor by the
listener before speaker’s turn end.

I

Nowadays we can observe increasing number of
dialogue-based applications due to the new intelligent
devices and solutions. Virtual assistants start to be a part
of our daily life. Amazon add their Alexa to the LG fridge
or microwave oven. Spoken dialogue interfaces start to be
a standard interface for in-car infotainment systems
(Android Auto, Apple CarPlay, etc.). We must not forget
on category of social and family robots and on humanoid
robots. Their embodied character favorizes the spoken
interaction with people.

All these facts underlie an importance of human-
machine spoken dialog research. Moreover, there are
almost no works, which focuses on Slovak dialogues. This
motivate us to analyze human-human dialog interactions
to be able to enhance human-machine dialog. Our
motivation was supported by the fact that there exist
corpora with dialogue interactions in Slovak in our
laboratory  (Laboratory of speech and mobile
technologies), which are used for training of automatic
speech recognition systems.

Mentioned corpus contains audio and video recordings
of dyadic interactions, which are transcribed by human
annotators. Expect the textual information that relates to
the content, transcriptions contain information about
speakers and about each turn proposed during interaction.
Moreover, overlapping segments are also marked.

As Akker and Bruijnes concludes in [32] “One of the
basic conversational skills is to know when to take the
turn and what it means when someone starts talking out of
turn, or remains silent when he is expected to give an
answer.” This statement defines turn-taking research
domain very well.

The proposed paper focuses on analysis of turn-taking
issues in human-human dyadic dialog interactions in
Slovak language. The gap between fluentness of human-
human interactions in comparison with human-machine
dialogue interactions is the motivation behind this work.
We need to understand how turn-taking is performed.

The very small or no delay characterize human-
machine turn changes. Often, we observe smaller or
bigger overlaps during the speakers change. We decided
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to focus on overlaps and interruptions of the speaker by
the listener, to uncover when and why such turn-taking
approach is usually used by interlocutors. The proposed
work was invoked by the work described in [33] and [16],
where we studied an anticipation phenomenon.

In [33] we proposed an assumption, that one of the
reasons, why overlaps or interruptions occurs is, that a
listener is able to anticipate few last words in the just
unfolding speaker turn. To support this assumption,
analysis of real human-human interactions needs to be
performed.

Three recordings of discussions, with the duration
almost two hours, were analyzed, where frequency of
overlaps and interruptions were computed and reasons,
which led the listener to interrupt the speaker were
manually extracted. Then, observed results were analyzed
and discussed.

The paper is organized as follows. The section II.
describes the anticipation phenomenon.

IL.

The phenomenon of anticipation was studied in range
of the national project “Anticipatory Phonetic Strategies
for Simultaneous and Consecutive Interpretation”
(APVV-15-0307), solved in partner’s laboratory
LICOLAB (Language, Information and Communication
Laboratory). It deals with prosody aspects that helps to
identify an anticipation core - the point, where an
interpreter has enough information to anticipate (predict)
remaining words of just interpreted utterance.

Anticipating in simultaneous interpreting means that
interpreters say a word or a group of words before the
speaker actually says them [1]. In [18] anticipation is
defined as strategy, by which the interpreter attempts to
guess a sentence constituent, before it has been uttered in
the original. It means that interpreters, familiar with the
domain and content, can interpret beforechand thank to the
anticipation. Anticipation is a key competence that
interpreters need to learn before they can become
professionals [1], [17].

During a presentation day of the above-mentioned
project a real demonstration of this phenomenon was
performed by a group of interpreters. Participants can also
performed exercises, which test their ability to anticipate
words from just unfolding sentence. It was interesting to
observe that also untrained listeners were able to predict
the end of the utterance very effective in case of so called
“predictable sentence”. This experience leads us to think
about anticipation in case of human-human and human-
robot dialogue interactions.

ANTICIPATION
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In the area of human-machine and human-human
dialogue interactions, it seems that anticipation play a very
important role, because it influences the speed of response
in conversation (see [2]) and it is a critical ability to
enable “rapid” turn-taking. Anticipation allow the speaker
to interpret partial utterances. Sagae et al highlights the
importance of anticipation, when they conclude in [12]
»To achieve more flexible turn-taking with human users,
for whom turn-taking and feedback at the sub-utterance
level is natural, the system needs the ability to start
interpretation of user utterances before they are
completed.* and ,,it also includes an utterance completion
capability, where a virtual human can make a strategic
decision to display its understanding of an unfinished user
utterance by completing the utterances itself”.

As is clear from several studies, where EEG signals
were measured (see [2], [3]), people are able to anticipate
turn ends during the dialogue interaction. There are also
several other works, which confirm the human ability to
anticipate, (see also [4], [6]).

According findings made by Magyari et al. in [2], it
seems that in case of so called ,,predictable” sentences,
people can predict around five last words of particular
turn. As authors concludes, anticipation enable rapid turn-
taking, where it reduces the gap between turns in dialog.

As Magyari et al. in [2] describes, anticipation of last
words of the speaker turn, provides a special time (around
600ms in case of “unpredictable turns” and around
1250ms in case of “predictable” turns) to the listener and
his speech production system to start formulation of his
own turn. Here, the incremental approach to speech
production is also important, because it enables early to
start speaking an actual most probable utterance and then
modify it according new/final hypothesis. This is exactly
the same what interpreters do when simultaneously
interpret beforehand.

In case of application anticipation in human-machine
dialogue interactions, there exists only few works that
deals with this phenomenon. We can mention the work of
Dominey et al., described in [5], which focuses on next
turn anticipation, based on dialogue history, but in this
case the anticipation is not focused inside the turn. Sagae
et al. focus their work on interpretation of partial
utterances, where they are using words prediction —
anticipation. They realize an idea of the incremental user
utterance processing, which enables to increase speed of
turn-taking (switching the speaker).

To be able to add anticipation capability to machine
interlocutor of the human-machine dialogue, anticipation
phenomenon need to be deeply analysed in human-human
interactions. Moreover, we assume that, there can exist
differences for different cultures and languages.

A.  Anticipation in human-human interactions

Anticipation is routinely used during human-human
conversations. Expect the measured results, which
indicates this activity (described e.g. in [2]), there can be
identified also other qualitative indicators. We consider
three of them as aspecially important — unfinished
utterances (turns), interruptions and overlaps.

Unfinished turns sometimes occurs in natural human-
human conversations. We believe that one of the reasons,
which lead the speaker to let his turn unfinished is, that he
takes into consideration that the listener can complete a
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given sentence without he need to finish it. In other words,
speaker anticipate that listener is able to anticipate the end
of speaker’s turn (see example in Fig. 1.).

51: How did you find out?
52: | walked down the hallway, the door was open and so I... (looked in)
51: Uhm

Figure 4. An example of unfinished phrase

However, there can be also other reasons, which are
considered by the speaker. Irrelevance of the remaining
part of the turn can be one of them.

Overlaps and interruptions need to be also considered
as the possible indicators of anticipation.

Interruptions differs from overlaps in the timing.
Listener usually use a small pause in the speaker turn to
interrupt the speaker and to take a floor without causing an
overlap. There can be also several reasons of this
behavior. If we consider anticipatory strategies usually
used in simultaneous interpretation, pauses in speaker
utterances are often the place, where the interpreter starts
to interpret beforehand. It indicates, that somewhere there,
the place of the anticipation core ([16]) or “moment of the
maximum understanding” ([12]) is located.

The very interesting category of events are overlaps or
overlapping speech, when both interlocutors are speaking
simultaneously. We believe that one of the reasons for
such interaction behavior is that listener is able to
anticipate, but the relation between overlapping speech
and anticipation phenomenon need to be more researched.

To take the floor can looks like a general reason for
jumping into speaker turn, but the situation is more
complicated. Simultaneous speech can occur also in case
of providing feedback to the speaker by the listener, or to
provide additional information. Moreover the attempt to
take the floor can have several reasons, where, one of
them is that the “maximum understanding moment” were
reached and the listener is able to anticipate remaining
part of the sentence.

51: But | have seen, even where they sell 4 room apartments for 84k,

52: But it was not sold.

511 1 know.

52: But that's irrelevant. Just, madame wants it, but her daughter is just so
uncompromising, and | think....

51: Yes, yes, yas ..

52: but I think ..

51: 5he ..

52: that she wants good for parents, but | think parents are right and they know
what they want.

S1: Sure...

51: ... she wanted to ask, whether we could wait a month ...

{ Attempts of 51 to take floor {before $2 turn end) I

Figure 5. An example of taking a floor before turn end

In our study we have started to analyze overlaps and
interruptions, their occurrences and we have tried to
identify all reasons, which can be behind described
behavior (interruption of the speaker). As was mentioned,
we believe that turn-taking is a language- and culture-
dependent, therefore we focus on Slovak interactions,
which did not analyze from this point of view before.

Expect of comprehension indicators in EEG signal, a
mutual understanding or comprehension on the listener
side can be observed from so called backchannel signals,
which are wusually produced by human listeners.
Backchannel signals was defined by Yngve [7] as non-
intrusive acoustic and visual signals provided during the
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speaker’s turn. Allwood et al. and Poggi in [8, 9], uncover
meaning of acoustic and visual backchannels that they
provide information about the basic communicative
functions, as perception, attention, interest, understanding,
attitude (e.g., belief, liking) and acceptance towards what
the speaker is saying. Bevacqua et al. in [10] described a
work focused on extending an Embodied Conversational
Agent (ECA) with listener capabilities. They defined
some associations between the listener’s communicative
functions and a set of visual (and vocal) signals. They
performed an experiment with the 3D Embodied Agent
Greta [11], which confirm defined associations. Among
others, in this experiment has been shown, that there exist
the association between understanding and following
multimodal backchannel signals: raise eyebrows+ “ooh”,
head nod+ “ooh”, head nod+ “really”, head nod+ “yeah”
and head nod.

Despite the similarity of an understanding/partial
understanding and a point, when interlocutor is able to
anticipate words up to turn end, it is very important to
distinguish them. Unfortunately, it can be difficult to
distinguish these two phenomena. We suppose that a
complete comprehension done be anticipation lead to
taking a floor, while a partial understanding is signalized
only be providing a backchannel, without taking a floor.
This assumption needs to be more researched.

Moreover, we believe, that turn-taking behavior
depends on many other factors: mood, relationship of
interlocutors, dialogue topic, emotions, type of dialogue
(task-oriented, interview, free conversation, small talk,
cooperative work, etc.). Especially emotion can influence
a turn-taking significantly. In the future, automatic
sentiment analysis, described in [36], can be involved to
uncover this relation.

B.  Anticipation in the Spoken Dialogue Systems

One of the widely used solution, which enables
machines to react on earlier comprehension (before
machine turn end) is barging in mechanisms (barge-in
functionality). It enables human dialogue participant to
interrupt the machine’s speech before machine turn end.
Barge-in functionality is explicitly defined as a standard
tool in VoiceXML language (see VoiceXML spec.).

However, barging-in can be seen as a solution, which
successfully cover early comprehension capability of
humans, let us thing a step further. Are speakers changing
utterance production patterns in case of ,predictable*
utterances? Our observations support this assumption. We
assume that there exists a point in which a common
understanding is established during speaking and
listening, and where a speaker sometimes stops its turn
and let it unfinished.

On the opposite side, we need to thing about machine
anticipation, or ability to find an enough reliable
hypothesis of unfold utterance just uttered by human
interlocutor.

Machines that can communicate with user through
spoken language implements a human machine
communication chain (see Fig. 3), which consists of few
basic components.
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Figure 6. Human-machine speech communication chain

We can observe or describe a general anticipation on
several levels related to components. According related
component we have defined several types of anticipation.

In case of Automatic Speech Recognition (ASR)
module, acoustic and language model defines the
recognition network, which contains possible ways of
interpreting input speech. Usually this network is created
before the operation of the system. The recognition
network enables to produce several hypotheses of the
recognition result, but they occur not earlier than input
speech. But, we assume, that such network could be used
also to predict next words according previously
recognized words. The simplest way how to anticipate
words in sentence is to involve the language model, which
models probabilities of word n-grams.

There is another interesting issue, whether the attention
should be focused on exact word sequence anticipation or
meaning anticipation. This issue relates to the next module
from the human-machine speech communication chain -
Natural Language Understanding (NLU) module. It’s
clear that if we want to speed up the turn taking process,
meaning extraction (understanding) process must begin
before the speaker terminates his turn. It means, that we
need to work with semantic hypothesis, which is based on
recognition hypothesis. This means, that the semantic
module need to be able to process unfinished, partial
utterances. Sagae et al. in [12] describes an approach to
ability to find an enough reliable hypothesis of unfold
utterance just uttered by human interlocutor.

But human brain goes a step further, because, it seems
that semantic hypothesis is derived from feedforward
utterance hypothesis, which is anticipated by human
listener. So, we propose, that it could be interesting to
research incremental semantic interpretation, which is
based on anticipated utterances and to observe the
accuracy and the possibility of positive influence the
speed of turn-taking.

Moreover, speech act recognition should also be placed
in parallel to speech recognition and natural language
processing. It can be done by considering recognition
hypothesis based on anticipated words and semantics. In
case of dialogue management, the situation is much more
simpler, due to the power of dialogue history, which can
be successfully used to predict interlocutor next speech act
(see [5]). All mentioned facts supports idea of so called
»incremental Spoken Dialogue Systems* (see e.g. [13] or
[14]).

Described anticipation potential of the human-machine
speech communication chain modules shows that
machines can anticipate, because particular modules use
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resources with this ability (e.g. recognition network,
language models, dialogue history).

While, the anticipation skill can be consider as non-
important for simple task-oriented systems, it can bring
more human-like interactions and advantages in case of
systems for multi-party conversations, for human-machine
collaboration scenarios or for crisis scenarios, where can
be useful or necessary for the machine to be able to rudely
interrupt a human speaker(s), to be able to take a floor and
to propose ideas or solutions.

III. CorruUS

Corpus of the investigative interviews of the TV
program “Na roviny” and epizodes of TV discussions
“Pod lampou” were selected for the analysis of turn-
taking mechanisms.

The overall length of the analyzed corpus was 99

minutes and 36 seconds. There were 5 speakers (4 male, 1
female), two of them play a role of the moderator (male).

Recordings were transcribed in two-level procedure.
The first transcriptions were generated by our automatic
transcription system (see [X]). Then, transcriptions were
corrected and a set of special markups were included by
human experts. Final transcriptions have a form of .trs
files, which are generated by Transcriber tool. An

example of the transcribed recording can be seen on Fig.
4,

IV. RESULTS

To analyse turn-taking aspects, all transcriptions were
processed, to evaluate following measurable turn-taking
characteristics:

o Total number of turns in dialog
o Number of 1. speaker turns
e Number of 2. speaker turns

n Options Help

e Number of overlaps and interruptions

e Number of interruptions made by first speaker
(moderator)

e Number of interruptions made by second speaker

e  Number of mixed overlaps, where both

interlocutors started to speak simultaneously

e Overlaps ratio — the ratio between number of
overlaps (incl. interruptions) and total number of
turns.

o First speaker overlap ratio — express ratio
between overlaps made by the first speaker and
turns of the second speaker. Express how many
turns of second speaker were interrupted by the
first speaker

o Second speaker overlap ratio — express ratio
between overlaps made by the second speaker and
turns of the first speaker.

The next part of the analysis was focused on the
reasons, which lead the listener to interrupt the speaker.
We identify following 15 categories of reasons, which
were further analysed:

e  Stop the speaker

e Confirmation of information
e (Clarification

e Completing the information
e Anticipation

e  Support continuation of speaker turn (backchannel
signal)

e  Express noninterest/irrelevance — topic change

e Try to take the floor

e Unclear

e Try to take floor (back) by force

e To provide additional information/statement (to

Stefan_Hiib

len jednou vetou &o?

Jén Hargas

&ize mali to byt [fuch] preukazy, ktorymi sme sa mali preukazovat [iuch/ %@: [i

a mali sltZit na identifikdciu.

Stefan_Hrib

teda zdravotné poistenia.

Jén Hargas

4no 4no zdravotného poistenia, presne tak. [i

dm mx te nejak nezdalo, pre

£o kareifku sa budeme g o

iy Horgh |

presoe tak: ndm to priflo tak, %o na &c budam potreabovat daldiu kartifku.
ety ik

len na zdravernletve.

na ktory sme my upozornili este v decembri, &ife mesiac potom ako sme vznikli [J

t/ tie tri projekty mali byt tie% stdastou tej tej miliardy alebo teda z &asti financované z tej miliardy. [i/

1] boli elektronické preukazy [iUch]+poistenca. [it

hj+a: u nasich lekdrov alebo alebo v lekarfach. [if

b Eartifku, na kroraj Buds sloktrenicky &ip, takzvany slektronicky, teda cbliansky preukaz.

LI TR

1056._check.em
058, war

I = I
S - - ] [Erpor)
prosiim s, sy ste oSl b modnest [ | “‘F':':“"w“mwm;_i“hm |

18

Signal shme 1 v sinbie]

Figure 4. An example of the transcribed recording
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its own previous turn)

Speaker turn leaving misunderstanding
Obtain agreement

Express (strong) disagreement

e  Express (strong) agreement
Express involvement

Mentioned categories were statistically evaluated and
the results are located in the following tables. Here need
to be noted, that in case of reasons categories, one
occurrence of overlapping speech can have several
reasons.

TABLE 1.
TURN-TAKING STATISTICS
Interaction/values SR175 SR177 1306 Total
Total number of turns 159 107 162 428
No. of 1. speaker turns 48 33 55 136
(moderator)
No. of 2. Speaker turns | 59 42 70 171
Total No. of ovierlaps 53 3] 35 119
and interruptions
Overlaps Ratio 33.3% 28.9% | 21.2% X
No. of 1.speaker 35 20 X X
overlaps
No. of 2. Speaker 12 1 X X
overlaps
1. Speaker overlaps
. 59.3% 47.6% X X
ratio
2. speaker_ overlaps 25% 33.3% X X
ratio
Mixed overlaps 5% 0% X X
TABLE II.
INTERRUPTION AND OVERLAPS MOTIVATIONS
Appearance
No. Occ
Category Occurance (%]
1. Stop the speaker 9 4.97
2. Obtain confirmation 7 3.87
3. Obtain clarification 11 6.08
4. Complete the information 13 7.18
5. Anticipation 42 232
Support continuation of speaker
6. turn (backchannel), increase 24 13.26
speed of speaker
Express noninterest, move to
7 another topic (topic shift) 12 6.63
8. Unclear 3 1.66
9. Try to take floor (back) by force 13 7.18
10. Proylde addltlot}al information 15 8.29
(to its own previous turn)
11. Turn leaving misuderstading 10 5.52
12. Obtain agreement 4 221
13. Express disagreement (strong) 3 1.66
14. Express strong agreement 8 4.42
15. Express involvement 7 3.87
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V. DISCUSSION

Table Ishows statistics about turn-taking in the
analysed corpus. We can conclude a significant number of
overlaps and interruptions. An average overlaps ratio is
around 28%. In a similar analysis, described in [34] by
Siegert et al., which was done on Davero corpus
(telephony conversations in German), authors obtain
18.9% of overlapping segments. The difference between
our observation and Siegert et al. results lies in the fact,
that we consider also interruptions without overlapping.
Such interruptions can be detected only manually, when
the human annotator identifies an unfinished utterance,
where it can be anticipated an intention of the speaker to
finish his turn. Moreover, Davero corpus consists of
interactions, which can be considered as task-oriented.

The next important observation is, that the significantly
higher number of interruptions (55 to 23) was made by the
first speaker in a role of the moderator. This relates to the
role of moderator, which usually lead the interaction and
he need to move conversation to obtain desired
information or to fulfil the interaction goal.

The second table uncover intentions behind detected
overlaps and interruptions. During data analysis we
continuously collected possible intentions or reasons,
which lead a listener to interrupt the speaker. When we
look at collected categories, we can uncover relations to
other dialogue-related events and issues.

First of all, several categories identify speech
acts/dialogue acts, which are conveyed through utterances
that interrupt the speaker turn. Confirmation request,
clarification request, Agreement, Disagreement are a
typical dialogue acts (see e.g. [35]). Categories: “Stop the
speaker”, “Support continuation”, “Move to another
topic”, “Try to take floor” can be seen as a turn-
management commands, which help to manage speaker
changing. We can identify also another category, which
has a close relation to providing a feedback (backchannel
signals) to the speaker.

Anticipation is a special category, which does not
express an intention, but the mechanism behind the
interruptions. We were able to identify 42 places, where
the listener probably involves his anticipatory capability,
to be able to interrupt the speaker before the turn end. We
cannot say, that in case of remaining turns, the
anticipation was not used, but in the identified cases,
applying of anticipation was clear.

VL

Described research aims to uncover processes behind
overlaps and interruptions in a human-human dyadic
dialogue interaction, which can bring new ideas for
enhancing human-machine  dialogue  conversation,
especially turn-taking. Human-human dyadic interactions
were analyzed on the small corpus of interactions, to
identify intention of taking a floor by the listener before
speaker’s turn end.

Obtained results shown that around 28% of speaker
changes are realized through some kind of interruption.
This mechanism has its own rules and meaning, and it
should be more researched to be able to enhance turn-
taking strategies of machines in human-machine
interactions.

CONCLUSIONS
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In case of overlapping segments, anticipation plays an
important role, because, a listener needs to process
meaning of unfinished speaker turn to be able to produce
its own reaction. Fifteen categories of different intentions
behind turn-interruptions were identified and the
frequency of occurrence were analyzed. The most
frequent intention of a listener interruptions was to support
continuation and fluentness of the speaker turn (13.26%)
by completing last few words of his turn, which was
possible thanks to anticipatory capability of the listener.

In case of machines, that will play a role of the
moderator of discussions, adding this supporting strategy
can significantly increase their conversational skills.
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