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Abstract: The impact of transmission delay on a telephone conversation depends
not only on the severity of the delay, but also on the interactivity of the conversation.
To model the perceived quality it is thus important to first model the interactivity of
a conversation. In this paper we propose the method of simulating a conversation
with different interactivity levels by simulating human turn-taking behavior. We
simulate two types of conversations with different conversational interactivity with
and without turn-taking. We then perform a parametric conversation analysis on the
resulting conversations to show that adding a turn-taking mechanic to a simulation
creates differences in interactivity that can be seen in human conversation.

1 Introduction

The experienced quality of a conversation over a telephone network is mainly formed by the
parameters of the network and thus the different kinds of degradations that influence the call.
However, research showed that the impact on the perceived quality of some degradations varies
based on the type of conversations and its content [1]. Concretely, conversations with lower
interactivity, i.e. slower speaker alternation rate and less turn-taking, are not as prone to be af-
fected by transmission delay than conversations with higher interactivity [2]. Furthermore, the
severity of audible degradations like packet-loss can also depend on the interactivity, informa-
tion density and available context. For example, if a lost packet renders a word unintelligible
that bears critical information and can’t be derived from context, it will have a greater impact
on the quality perception than an unintelligible word that is not important or can be derived
from context. Additionally, repairing the dialogue by resubmitting information requires further
dialogue which in-turn increases the length of a conversation and leads to more possibilities for
misunderstandings.

Transmission planning models like the narrowband E-model already include the interactivity-
based changes in quality perception by changing the impact of delayed transmission based on
interactivity levels of conversations [3, 2]. Based on Parametric Conversation Analysis (P-CA),
where the on-off characteristics of speech are used to derive conversational metrics, this Conver-
sational Interactivity (CI) can be determined [4, 5]. However, the P-CA and the determination
of the CI requires recorded conversation and thus expensive conversation tests.

To overcome this problem, we propose a conversation simulation based on models from
the field of spoken dialogue systems. Such a simulation could consist of two dialogue systems
that exchange information via speech signals and models human turn-taking. In this paper we
present such a system and evaluate how a simulation with and without turn-taking is able to
model the conversational metrics of the P-CA. For this, we simulate two conversation scenar-
ios, namely the Short Conversation Test (SCT) with a low CI and the Random Number Verifi-
cation test (RNV), both standardized by the ITU [6]. We then compare the CI of the simulated
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conversations with and without turn-taking with the interactivity of recorded human-to-human
conversations to assess to which extend the simulation is able to model the interaction of each
scenario.

Section 2 briefly reviews the fundamentals of conversational quality and the E-model as
well as previous work in simulation of conversations on turn-taking level. Section 3 describes
the setup of the conversation simulation and Section 4 describes the turn-taking model in detail.
The resulting simulations are discussed in Section 5 and Section 6 concludes the discussion and
suggests topics for future work.

2 Related Work

Subjective evaluation of telephone quality [7] and especially the conversation quality [6] has
been a research focus, with recent research proposing to separate the analysis of the conversation
into three phases: the listening phase, the speaking phase and the interaction phase [8] and
analyzing the conversational quality in these different phases over multiple dimensions [9, 10].

Because of the interactive nature of conversations, common degradations like packet-loss
not only degrade the perceived listening quality but also influence the conversational quality by
altering the flow of the conversation [5]. In contrast to the degradations that influence the signal
and thus the information that gets transmitted, delay is not affecting the characteristics of the
signal, but the timing of it. The delayed arrival of turn-taking cues results in increased double
talk and mutual silence. However, this varies not only with the amount of delay, but also with the
interactiveness of the conversation [11, 1, 2, 12]. As a method to evaluate conversational quality,
conversation tests with different conversational interactivity (CI) have been standardized. Two
examples are the Random Number Verification test (RNV) [13] with a high conversational
interactivity and the Short Conversation Test (SCT) [6] with a lower conversational interactivity.
The RNV test consists of a list of 24 numbers in 4 blocks that the participants have to compare
by alternatingly reading one block. The SCT provides scenarios such as ordering a pizza or
booking a flight, where various kinds of information have to be exchanged.

Parametric Conversation Analysis (P-CA) is a framework that assesses the structure of
conversations by parameters that can be instrumentally extracted from recordings of conversa-
tions [5]. It is based on the on the “on-off characteristics” of conversational speech that splits up
the conversation into four states. States A and B represent part of the conversation where either
only speaker A or only Speaker B talks. State M (“mutual silence”) represents situations where
neither conversation partner is talking and D (“double talk”) corresponds to the state where
both are talking at the same time [4, 14]. From these states, metrics like speaker alternation
rate, double talk rate and interruption rate can be derived as well as overlaps and gaps between
speaker changes measured [1, 15]. The interactivity of conversations as measured by P-CA has
been included into the delay sensitivity factor of the Narrowband E-model [3]. The Wideband
E-model [16] and Fullband E-Model [17] however do not take conversational interactivity into
account.

While simulating dialogues was previously not used for prediction of conversational qual-
ity, it has been long used as a way to generate dialogues for spoken dialogue systems [18].
These simulations may be used to train dialogue managers or to evaluate the human-computer-
interaction automatically [19, 20]. Most recent approaches to user simulation use statistical
approaches. However, those rely on large sets of training data when complex behavior has
to be modeled [21]. To overcome those shortcomings, different methods have been described
to progressively generate data that can be used to train statistical dialogue manager. In [22]
Schatzmann et al. propose a probabilistic, agenda based method for training statistical dialogue
manager. In this method, the user is modeled to have an agenda and a goal. The agenda is
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Figure 1 – An incremental spoken dialogue network containing parts for speech understanding and end-
of-turn prediction on the top, the and dialogue managing unit on the right and the speech generation and
audio dispatching on the bottom.

described as a stack-like data structure that contains the next relevant dialogue acts. The goal is
split into constraints and requests that model the information that the user requires and provides.
With this agenda-based structure, goal oriented, semi-structured conversations can be modeled.

A simulated spoken dialogue, especially with a focus on turn-taking, needs to be incremen-
tal. This allows for a timely processing of small information units which is necessary for the
precise timing of turn-taking. While parts of spoken dialogue systems like automatic speech
recognition [23] and natural language processing [24] have been designed incrementally, the
incremental processing in every part of a spoken dialogue system has become the focus of re-
search as of recent [25, 26]. Most notably, in [27], Skantze and Schlangen described a general
and abstract model of incremental processing in spoken dialogue systems. In this model, incre-
mental modules consume, process and produce small information bits called incremental units
[27]. Most of these concepts were implemented in the incremental processing toolkit InProTK
[26], a framework that allows for the modeling and implementation of incremental spoken dia-
logue systems and Retico [28], a framework for modeling human-to-human conversations in a
real-time environment.

While turn-taking behavior is a long studied phenomenon [29], recent work has investigated
the human turn-taking behavior in conversations [15], end-of-turn prediction [30, 31, 32] and
rules for modeling turn-taking behavior [14, 33, 34]. Simulation of human-to-human dialogue
has been part of that effort of modeling turn-taking behavior. For example, in [33], Baumann
describes a dialogue simulation with simple rules to enable turn-taking. These simulations
however only operate on the signal level and the utterances exchanged are generated, speech-
like sound [14] or randomly selected utterances [33, 34].

3 Simulation Setup

The simulation is based on a set of conversation test carried out with untrained participants. In
this test, participants carried out conversations after the standardized SCT and RNV scenarios.
For the simulation one scenario was selected from each conversation type and 20 SCT conversa-
tions and 20 RNV conversations were annotated with dialogue acts, transcripts and turn-taking
information. 20 different conversations from each conversation type were used to evaluate the
simulation.

For implementing the simulation, we made use of the Retico framework [28], which uses
incremental processing for a timely transmission of hypotheses in the dialogue pipeline. The
setup of one agent in the simulation is shown in Figure 1. The dialogue manager uses an agenda-
based model to determine the next dialogue act. Natural language generation and speech syn-
thesis is modeled with the snippets of speech from the annotated training data. However, also
real synthesis can be used by the simulation. An audio dispatching module handles the dis-
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(a) Turn-taking in SCT conversations
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(b) Turn-taking in RNV conversations

Figure 2 – Timing of pauses and switches relative to the end of the last utterance. Negative values
represent overlaps during turn-taking.

patching of the speech data to the interlocutor and reports back to the dialogue manager how
much of the current speech act is completed. The speech output from the other agent in the
simulation is routed through an automatic speech recognition and natural language understand-
ing also trained on the speech data of the training conversations. Also, an end-of-turn module
predicts the time until the end of the interlocutor’s current utterance.

The simulation setup is able to use various different state-of-the-art systems for speech syn-
thesis, speech recognition, natural language understanding and end-of-turn prediction. How-
ever, for the simulations evaluated in this paper, models based on meta-information from the
training material is used instead, so that no errors are introduced in these processing steps. Dur-
ing the simulations the transmitted speech (one channel per agent), the transcript (as generate
by the NLG) and the according dialogue acts are persisted onto disk. The simulation consists of
two of the dialogue systems shown in Figure 1 that are connected to each other - each with their
own agenda and set of utterances. Throughout the conversation, the dialogue manager receives
the latest dialogue act hypotheses, predictions about the state and progress of the interlocutor’s
as well as it’s own speech.

4 Turn-Taking Model

The turn-taking of the simulated agents is modeled by probability distributions that based on
the work by Lunsford et al. [15]. For this, we measured the offsets of utterances in response to
turn-keeping and turn-giving utterances of the interlocutor. These offsets in seconds are relative
to the ending of the last utterance. A negative value denotes a speaker change with double
talk and a positive value denotes a speaker change with mutual silence or alternatively that no
speaker change occurred (turn-keeping).

This analysis results in the distributions for pauses and switches as shown in Figure 2 (a)
for SCT conversations and Figure 2 (b) for RNV conversations. The turn-taking in each agent is
then determined by one of the following four rules: (1) If the agent speaks and the interlocutor
does not speak, the agent keeps talking until the end of the utterance. (2) If only the interlocutor
is speaking, the agent randomly samples the switches distribution and uses the predictions of the
end-of-turn module to determine when to speak. (3) If the agent is no longer talking but spoke
last, it randomly samples the pauses distribution to determine when to continue speaking. (4) If
both the agent and it’s interlocutor are speaking and one of them is not at the beginning or the
end of an utterance, it stops talking. Each agent decides based on the current dialogue act if it
samples from the distributions of SCT or RNV conversations. Dialogue act corresponding to
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(a) Sojourn times in seconds
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(b) State probabilities

Figure 3 – Sojourn times in seconds (a) and probabilities (b) of the states mutual silence, double talk,
speaker A and speaker B for RNV and SCT scenarios in empirical conversations, simulations without
turn-taking and simulation with turn-taking.

quick exchanges of information are sample from the RNV distribution and all other dialogue
acts are sampled from the SCT distribution.

5 Results and Discussion

We simulated 100 RNV and 100 SCT conversations turn steps (with a pause of one second
between turns) and with our turn-taking model. Figure 3 shows the sojourn times and the state
probabilities of mutual silence, double talk, speaker A and speaker B. In general, the empirical
conversations result in a larger variance than the simulations. The sojourn times for speaker A
and B are very similar between all conversations, which is due to the fact that the simulations
use the same speech segments. For simulations without turn-taking, the sojourn times of mutual
silence is more than a second and for double talk it is zero, which is to be expected. The
simulation with turn-taking matches the sojourn times for mutual silence in the SCT scenario.
However, for the more interactive RNV scenario however, the sojourn times are higher than in
the empirical data.

The state probabilities for mutual silence and double talk are too high and too low respec-
tively when comparing the turn-taking simulations to the empirical data. This may be due to the
pessimistic predictions of the end-of-turn module (predicting the interlocutor is still speaking
while the utterance was already over) which leads to more gaps and less overlaps when turns
are being taken. This would also explain the increase in mutual silence probability of the RNV
scenario, considering that it consists of more turns than the SCT conversations.

Figure 4 (a) shows the speaker alternation rate (SAR) of the empirical and simulated con-
versations, that is how many turn are occurring per minute. The SAR of the simulation without
turn-taking already differs between SCT and RNV. This is due to the fact that the utterances
are shorter in the RNV scenario. However, the simulation with turn-taking shows that differ-
ence more pronounced. The conversation length in seconds for the simulation in turn-steps as
shown in Figure 4 (b) is too high and does not differ between SCT and RNV. Adding turn-taking
brings the conversation length of SCT scenarios to the same level as empirical conversations.
For RNV conversation however it is still too hight, which again could be due to the additional
mutual silence introduced in the turn-taking.
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Figure 4 – Speaker alternation rate (a) and conversation length (b) for RNV and SCT scenarios in
empirical conversations, simulations without turn-taking and simulation with turn-taking.

6 Conclusion

In this paper we showed that conversations with different levels of interactivity can be simulated
using user-simulation methods from the field of spoken dialogue systems. The simulations of
the two scenarios in turn-steps already show differences in the P-CA due to the fact that RNV
and SCT conversations have a different structure (i.e. number of turns and length of utterances).
When adding turn-taking, a clear distinction in SAR can be seen between the simulated SCT
and RNV conversations. Especially the state probabilities of the simulations are shifted towards
mutual silence, which might be due to pessimistic end-of-turn prediction.

In future work we are planning to evaluate the simulation approach with different scenarios
without the use of annotated data and to build a model that predicts the delay sensitivity from
those simulations. We also plan to modify the turn-taking mechanism to account for timing
problems with the end-of-turn predictions and to shifting behavior over the course of a conver-
sation. Finally, we plan to insert delay into the simulations to analyze if and how this approach
is able to model the according changes in turn-taking behavior.
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