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Abstract

The term “interactivity” has been defined in numerous ways in
the context of communications, but a definition of interactivity

as an instrumentally measurable parameter of conversations is

still missing. In this paper, we approach this issue by applying
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ment of speech conversation quality under transmission delay.
In future iterations, the measurement set-up as well as the inter-
activity metric itself will be refined.

The paper is structured as follows. First, we will briefly re-
view related work. In section 3, we will describe the parameters

a parametric analysis to telephone conversations recorded dur- We US€ t0 formally C_haracterize a conversation. The test method
ing speech quality tests. To this end, we extract the basic con- 1S described in section 4. Section 5 presents and discusses re-
versational parameters like speech activity, mutual silence and sults from the analyses of conversation recordings. Finally, we

double talk as well as a set of conversation events like speaker conclude the paper in section 6.

alternation rate and interruption rate. Comparing two types of

scenarios for conversational speech quality assessment and ex-

ploring four different situations with regard to transmission de-

lay, we aim at understanding the interdependencies between the

2. Related Work

2.1. Conversational Parameters

conversational parameters which are basic for studying interac- Brady [3] has been among the first ones to provide a detailed

tivity. This is intended to, ultimately, lead to an instrumental
metric distilled from the relevant parameters.

1. Introduction and Motivation

In today’s networked multimedia world, the concept of “inter-
activity” has many different faces. In this work, we focus on in-

teractivity as an instrumentally measurable characteristic quan-

tifying the dynamic quality of telephone conversations. We can
identify two major issues that would benefit from a sharp defini-
tion of interactivity with regard to conversational speech quality

assessment of telephone connections. First, with such a defini-
tion at hand, the interactivity of the tasks that test persons need

to fulfill during the conversational tests can be compared, which
is especially interesting for tests involving transmission delay.
Second, a metric for interactivity would allow the connection

impairments which influence the temporal behavior (delay and
its variation) to be put in relation to the subjective rating that

is given by the subjects on the quality of the connection. The
latter issue is a topic in the ongoing discussion of how the E-
model [1], the telephone network planning model standardized
by the ITU-T (International Telecommunication Union), should

deal with impairment due to delay, since high latency values do

analysis of conversational parameters, in this case extracted
from 16 conversations. Brady has defined “conversational
events” like talk-spurt, mutual silence, double talk, and inter-
ruptions. For collecting the speech material, the test persons
(close friends) were asked to talk about anything they wished.
Brady extracted the parameters automatically using a threshold-
based detection algorithm that excluded talk-spurts smaller than
15 ms and filled pauses smaller than 200 ms.

A method for generating artificial conversational speech
patterns is described in ITU-T Rec. P.59 [4]. This standard
presents a four state model of conversations and the correspond-
ing temporal parameters averaging values obtained for English,
Italian, and Japanese. We will present these values in the results
section for comparison with our own results.

2.2. The Concept of Turn-taking

The parameters described in the previous section are related to
talk-spurts. At the next level of analysis, we can distinguish
between either speaker A or B (cf. Figure 1) having the con-
versation floor, which leads us to the concept of turn-taking
(cf. Sacks et al. [5]) commonly used in “traditional” Conversa-
tion Analysis (CA). In CA, semi-verbal utterances like “mhm”,

not seem to degrade the user opinion as much as expected on“uh-huh”, or laughter are regarded to as back-channeling events

echo-less connections [2].

This paper describes the first cycle of an iterative approach,
with the final aim of defining “interactivity”, and of developing
a metric quantifying the impact a particular transmission sys-
tem exerts on it. The present iteration consists in approaching
(but not yet defining) such an interactivity metric by applying
Parametric Conversation Analysis (PCA), with a three-fold mo-
tivation: 1) Evaluate the PCA method using recorded conversa-
tions obtained using two different types of conversation tasks;
2) evaluate the extracted interaction parameters in the light of
theinteractivity measure aimed at; 3) evaluate whether the con-
versation task types differ in the interaction parameters, poten-
tially predestinating one of the two for the subjective assess-

which establish rapport between talker and listener and encour-
age the talker to continue. In CA, back-channeling does not nec-
essarily constitute turns. However, we have incorporated these
utterances into our investigations as talk-spurts since a semantic
analysis of the speech signals is out of the scope of this work.
Furthermore, we assume these events to increase the liveliness
of the conversation.

3. Parametric Conversation Analysis

In this section, we present the conceptRafametric Conver-
sation Analysis (PCA). The term “parametric” refers to the fact
that this concept is based on parameters that can be extracted in-



strumentally from conversation recordings. Moreover, this term
allows the distinction from “traditional” CA which mainly fo-
cuses on the semantic aspect of conversations. PCA deals with
the parameters of a 4-state conversation model and a set of con-
versational events which are expected to correlate with interac-
tivity.

3.1. Conversation Model

According to the model used here, a two-way conversation can
be divided into four different states (cf. [4]), as illustrated in
Figure 1.

State “B”

State “A”

]

State “D”

State “M”

Figure 1: lllustration of the conversational states.

StatesA and B denote that either person A or person B is
talking and the other person does not speak. Statémutual
silence) reflects the situation that both persons are silent, and
stateD (double talk) represents the case that both persons talk
simultaneously.

This behavior can be modeled as a 4-state Markov process
(cf. [4]) which is depicted in Figure 2. Note that the transi-
tions between A and B and the transitions between M and D are
negligible due to their rare occurrence.

Figure 2: Model of the basic conversational parameters.

The model is described by the transition probabilities
between the four states. Furthermore, the sojourn times
ta,ts,tm,tp represent the average times that the process stays
in the corresponding state, whereas ps, pv andpp refer to
the overall probabilities to be in one of the statksB, M and
D, respectively.

3.2. Conversational Events

More details on the characteristics of a conversation are given
by the conversational events (cf. [3]). The events analyzed in
this paper are explained in the following.

The speaker alternation rate (SAR) represents the number
of alternations between the talkers per minute. Alternations in-
clude either state sequences in which the talk spurts are sep-
arated by mutual silence (A-M-B and B-M-A), or sequences
like A-D-B and B-D-A in which one talker is interrupted by the
other. The speaker alternation rate can be compared to a turn
rate in CA.

We consider an interruption as a special case of alternation
and define thénterruption Rate (IR) as the number of interrup-
tions per minute. Note that at higher delay values, unintended

interruptions may occur if the talkers do not adapt their conver-
sation discipline to the connection.

Interruption
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Speaker
Alternation
(A-M-B)

Figure 3: lllustration of Conversational Events.

Figure 3 illustrates the speaker alternation and interruption
events. Note that the interruptions occur as a result of the trans-
mission delay. Talker B responds to talker A's first spurt and
unintentionally interrupts talker A who might have expected an
earlier response of talker B. Thus, the amount of double talk is
increased. Moreover, the figure illustrates the increase of mu-
tual silence due to delay. The speaker alternation duration talker
B’s side increases by two times the one-way delay compared to
a zero-delay connection. In our particular case, this duration is
reduced by the occurrence of the second talk-spurt of talker A.

An analysis of the the mean durations of speaker alternation
and interruptions and the amount of non-interruptive double-
talk is not performed in this paper but is considered for future
work.

4, Test Method
4.1. Conversation Scenarios

As a part of a test method to determine the conversational pa-
rameters it is necessary to involve the conversation partners in
an appropriate conversation task using predefoueslersation

test scenarios. Different types of conversation scenarios have
been described in the literature [6, 7]. The tasks range from
interactive games (e.g. TNO test tasks, [6]) over identifying
differences between two versions of pictures (e.g., described in
[7, pp. 75-77]) to the rapid exchange of random numbers.

The main shortcomings of many of the above scenarios is
the lack of naturalness for telephony contexts—reading random
numbers or playing a game do not represent an everyday tele-
phone usage. Therefore, the so-called Short Conversation Tests
(SCTs) have been developed at IKA [7]. They represent real-
life telephone scenarios like ordering a pizza or reserving a
plane ticket, leading to comparable and balanced conversations
of a short duration of 2—-3 minutes (as opposed to 8—-10 minutes
in case of most scenarios mentioned above). The SCT scenar-
ios are now commonly used in conversation tests carried out
in the framework of the speech quality related activities within
standardization bodies like the ITU-T.

In order to yield a measurable effect of transmission delay
on the conversation parameters (cf. section 3) or on user opin-
ion, the applied conversation tasks need to be sufficiently inter-
active. When using the SCT scenarios, even one-way transmis-
sion delays of up to 1000 ms only had a minor effect on user
opinion (e.g. [7, 2]). Therefore, in addition to the existing set
of SCT scenarios, interactive Short Conversation Test scenarios
(iSCT scenarios) were developed at IKA for the present study,



Table 1: State probabilities [%] for the SCT and iSCT scenarios
and ITU-T Rec. P.59 [4].

State Probabilities [%]

Scenario A B M D
SCT 34.3 34.8 27.3 3.6
(7.2) (3.6) (8.3) (2.2)
iSCT 37.83 38.72 18,58 4.86
(6.01) (6.99) (5.98) (1.76)
P.59 35.24 3524 22.48 6.59

which were expected to yield more interactive conversations.
They were chosen as a combination of natural, “telephone typi-
cal” situations with simple interactive tasks.

The iSCT tasks consist in the rapid exchange of numerical
or lexical data motivated by the scenario, such as exchanging

Table 2: Sojourn Times for the SCT and iSCT scenarios and
ITU-T Rec. P.59 [4].

Sojourn Times

Scenario A B M D
SCT 1.45 1.59 0.68 0.35
(0.23) (0.43) (0.13) (0.08)
iSCT 1.44 1.44 0.42 0.33
(0.42) (0.40) (0.09) (0.08)
P.59 0.78 0.78 0.51 0.23

model, as given in Tables 1 and 2, respectively. For the compar-
ison of the SCT and iSCT scenarios, clean PCM a-law encoded
connections were analyzed. To increase comparability, one spe-
cific SCT scenario was compared to one specific iISCT scenario.
The most significant difference between the SCT and iSCT

room numbers and email-addresses of new employees of a large scenarios is reflected in the parameter values for mutual silence

company. In order to prevent the subjects from too quickly ap-
plying a “walkie-talkie™-like strategy (only one subject speaks

at a time), not all information required by one of the conver-

sation partners is made available. In this way, additional turn-
taking is provoked.

In this study, the PCA method is applied to conversations
obtained using both the SCT and the iSCT scenarios. To in-
crease interactivity during the tests involving the iISCT scenar-
ios, the conversation discipline was lowered by only selecting
pairs of subjects who knew each other well, and by instructing
them to call each other by their first names. To further increase
interactivity, the subjects were instructed to perform the tasks
as quickly as possible.

4.2. Conversation Recordings and Talk-spurt Extraction

The test set-up for conversational speech quality measurement
at IKA is described in [7]. The set-up consists of two telephone
handsets connected to an ISDN simulation system including
components for the emulation of voice-over-IP transmission
and the injection of transmission delay. We have recorded the
microphone signals of both talkers for further investigations.
Each conversation recording has been cut as to start with the
called person picking up the hand-set and end with the second
person hanging up. In order to be able to calculate the conversa-
tional parameters of interest, the conversation talk-spurts have
been marked manually in CoolEdit following Brady’s rule in-
cluding pauses smaller than 200ms into the talk-spurt. These
cues have been extracted and transferred to MatLab for further
processing.

5. Results

In this section, we present the results of the PCA of the recorded
conversations, comparing the SCT and iSCT scenarios, and il-
lustrating the effect of transmission delay on the parameters.

5.1. Comparison of Scenarios

We compare the SCT and iSCT scenarios (10 conversations per
scenario) and ITU-T Rec. P.59 [4] by exploring the correspond-
ing state probabilities and sojourn times of the conversational

1The naturalness of the scenarios was verified by interviewing the

subjects after the entire conversation test (“Conversations perceived as

natural?, Yes/No”). In case of the iSCTs, a similar percentage of “Yes”
answers as for the SCTs was obtained (app. 78% vs. 83%)

being much smaller for the iSCT scenario. We can observe the
same behavior inspecting the sojourn times. A reduction of mu-
tual silence may indicate higher interactivity. In comparison,
the probability of double talk shows no significant increase for
the iISCT scenario whereas both kinds of scenarios result in sig-
nificantly less double talk than given in P.59. This may be due to
the structure provided by both the SCT and iSCT conversation
tasks.

Talk spurts of iISCTs tend to occur more often than those
of SCTs but they are about equally long. The sojourn times
for mutual silence and double talk are basically the same for
both SCTs and iSCTs. The latter fact holds true also for the
parameters given by ITU-T Rec. P.59, whereas the mean talk-
spurt durations of P.59 are significantly smaller. This difference
may result from the fact that our conversations were held in
German, and P.59 is based on English, Japanese, and lItalian
speech material.

Table 3: Mean values and standard deviations of speaker al-
ternation rate (SAR), and the number of interruptive for both
SCTs.

Task SAR IR

SCT 19.66 4.28
(4.62) (2.57)

iSCT 26.04 5.91
(5.59) (1.63)

Table 3 presents a comparison of the speaker alternation
rates of the SCT and iSCT scenarios. As expected, the iSCT
scenarios result in an increase in speaker alternation rate. In
addition, speakers tend to interrupt themselves more often in
iSCT scenarios which may also give rise to its increased double
talk probabilities.

5.2. The Effect of Delay

The effect of one-way transmission delay on the conversational
parameters is studied for ITU-T G.729 encoded connections at
four different conditions: 60 ms, 360 ms, 660 ms, or 960 ms.
The state probabilities for the delay conditions are depicted
in Figure 4. From this figure, we can make two major observa-
tions: First, the probability for mutual silence increases between
360ms and 660ms which may indicate that the test persons no-
tice the delay and adapt their talking behavior. The increase in
mutual silence seems to result from the talkers speaking less of-
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Figure 4: State probabilities at different delay values.

ten resulting in reduced amount of talk-spurts. Second, double

talk does not, as expected, increase at very high delay values.

The first observation seems to reflect times of transmission at
which nobody talks.

Figure 5 depicts the average speaker alternation and inter-
ruption rates. While the speaker alternation rate is significantly
reduced at low delay, it remains constant as the delay is further
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Figure 5: Comparison of the performance of the speaker alter-
nation rate (SAR) and the Interruption rate at different delay
values.

conversational parameters and the subjective ratings given for
the individual telephone connections. The design and conduc-
tance of further conversation experiments will provide detailed
information about the perceived interactivity in the context of
telephony. Based on such data, we aim to develop an instru-

increased. The lower speaker alternation rates may be related to mental metric for interactivity.

the higher amount of mutual silence than observed above. The
number of interruptions at a particular talker’'s end (denoted as
“near-end” in the Figure) does not vary significantly with delay.
In contrast, the rate of interruptions caused by the other talker
at the “far-end” increases. This effect is related to the loss in
conversation structure caused by the delay at the far end.

As a final result, we have observed that the mean call du-
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6. Conclusions

Within the framework of “Parametric Conversation Analysis”,
we have proposed a method for the analysis of conversational
parameters of telephone conversations which allows for the de-
velopment of a metric for interactivity. We have applied this
method as to compare two kinds of short conversational tests for
conversational speech quality assessment of which one (iSCT)
is assumed to be more interactive. Our results indicate that the
iSCTs are indeed more interactive.

As the most important parameters affected by the scenarios,
the state probabilities for mutual silence (M) and for double talk
(D), the sojourn times for mutual silengeg, and the speaker
alternation rate (SAR) can be identified. The main parameters
affected by delay are state probabilities, ps, par, andpp, as
well as the alternation and interruption rate. The increageof
andpp reflects the loss of conversation structure. The increase
of pas is partly due to the changes in the reactions of the two
interlocutors, and partly due to situations as depicted in Fig. 3.

In summary, the interruption rate at the far end, as well
as the state probabilitigsys andpp seem to qualify as can-
didates for the interactivity metric, as they prove to be affected
by both the scenarios and the delay. The SAR as additional
parameter seems to be applicable as a binary indicator for in-
teractivity, switching between values of SARG6 [1/min] for
more interactive tasks to SARL9 [1/min] for additional delay
(T > 300 ms) or less interactive tasks.

Future work includes an analysis of the correlation of the
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