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Abstract

Traditional methods for assessing the quality of trans-
mitted speech are usually limited to specific restrictions.
On the one hand, the methods only ask test participants
to judge how the overall quality is perceived, and on
the other hand users are placed in simulated situations,
like listening- or speaking-only, that do not reflect re-
ality. To overcome this limitations the speech quality
in a conversational situation was analyzed by dividing a
conversation into three separate phases and identifying
seven corresponding quality-relevant perceptual dimen-
sions. The extracted dimensions can be combined for the
overall quality assessment and may separately be used to
diagnose the technical reasons of quality degradation. In
this article, we present a new method for directly assess-
ing the identified quality dimensions in a conversational
situation. The benefit of this new analytic assessment
method is the reduced experimental effort due to the re-
duced number of necessary scales and thus the number
of judgments per condition. Additionally, the method
enables to analyze conversational speech quality for di-
agnosis and optimization.

Introduction

In traditional and modern packed-based (Voice-over-IP)
networks the transmitted speech can be affected, and also
impaired, during recording, coding, transmission, decod-
ing, and playback. The network and terminal devices
responsible for this, also called quality elements [1], are
codec, bandwidth limitation (narrowband (300 - 3400
Hz) and wideband (50 - 7000 Hz)), linear and non-linear
filters, delay packet loss, echo and noise [2]. Therefore,
it is of high importance for telecommunication providers
to evaluate how system end-users perceive and experi-
ence possible degradations, allowing to improve their ser-
vices. Traditionally, this is done by assessing the quality
of transmitted speech over telecommunication services,
the so-called Quality of Experience [3]. For this, passive
listening-only subjective experiments with näıve partici-
pants in a laboratory context are conducted. Participants
are asked to judge the perceived overall quality on five-
point Absolute Category Rating (ACR) scales yielding in
the Mean Opinion Score (MOS) representing the average
quality rating [4, 5].

However, the traditional methods only gather informa-
tion about the overall quality and do not give insights
into reasons for possible low quality ratings - no diagnos-
tic information are provided. Furthermore, the methods

are limited to specific simulated listening situations that
do not represent the reality. To overcome both limitation
the hereafter approach has been followed:
In [6] a conversational situation is described as a four-
state model: A participant can either listen or speak,
and in addition both participants can speak or remain
silent at the same time. This description leads to a sep-
aration of a conversation into three phases as perceived
by one participant [7]: the Listening Phase, the Speaking
Phase, and the Interacting Phase. To provide diagnos-
tic information for the perceived quality in a conversa-
tional situation, each of the phases have been analyzed
in detail. More precisely, for each phase quality rele-
vant perceptual dimensions have been identified. Percep-
tual dimensions are defined as orthogonal and thus inde-
pendent features of the multidimensional space formed
by a perceptual event provoked by an acoustical speech
wave inside a listener [8]. Perceptual dimensions are di-
rectly connected to aforementioned quality elements and
thus provide diagnostic information. Two methodologies
are used for the identification of the perceptual dimen-
sions: (I) Pairwise Similarity (PS) with a Multidimen-
sional Scaling (MDS) [9]; or (II) Semantic Differential
SD [10] with a Principal Component Analysis (PCA).

Applying both methods in separate experiments in the
three phases of a conversation, seven perceptual dimen-
sions were identified, proposed and validated [11, 12, 13].
An overview can be seen in Table 1 . The table shows the
seven perceptual dimensions and its connected quality el-
ements split in the three phases of the a conversational
situation: the Listening Phase is composed of four dimen-
sions: Noisiness, Discontinuity, Coloration and Loud-
ness; the Speaking Phase is composed of two dimensions:
Impact of one’s own voice on speaking and Degradation
of one’s own voice; the Interaction Phase is composed of
only one dimension: Interactivity.

Apart from the fact that the SD and MDS methodolo-
gies are necessary to extract the perceptual dimensions,
they inherent one major drawback: Due to the relatively
large number of attributes (SD) and pairwise compar-
isons (MDS) both methods are time-consuming. Thus,
the number of conditions to be assessed is limited due
to the enormous experimental effort. In this article we
present a new methodology that allows to directly
quantify the proposed seven dimensions. This en-
ables to increase the number of conditions to be assessed.
Additionally the method gives the possibility to actually
create conversational databases with recorded conversa-
tions and subjective overall quality and dimension rat-
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Conversational Phase Perceptual Dimension Description Possible Source

Listening Phase Noisiness Background noise, circuit noise, coding noise Coding
Discontinuity Isolated and non-stationary distortions Packet loss
Coloration Frequency response distortions Bandwidth limitations
Loudness Important for the overall quality and intelligibility Attenuation

Speaking Phase Impact of one’s How is the backcoupling of Sidetone and echo
own voice on speaking one’s own voice perceived
Degradation of How is the backcoupling of Sidetone and echo
one’s own voice one’s own voice degraded

Interaction Phase Interactivity Delayed and disrupted interaction Delay

Table 1: Overview of the seven identified and proposed perceptual quality dimensions for a conversational situation.

ings. Moreover, having the databases available, diagnos-
tic instrumental conversational speech quality estimation
models based on perceptual dimensions can be trained.

First we present the rating scales used for the new test-
method. Second we will explain the actual test procedure
in detail. The article closes with a conclusion and an
outlook on future work

Dimension Rating Scales

The new subjective assessment method provides a means
for quantifying the seven quality relevant perceptual di-
mensions in a conversational situation (noisiness, discon-
tinuity, coloration, loudness, impact of one’s own voice
on speaking, degradation of one’s own voice, and inter-
activity) directly by means of seven descriptive scales.
Thus, each scale is dedicated to one particular dimen-
sion. The extremities of each scale are labeled with the
antonym-pairs describing the corresponding dimension.
This enables to directly quantify separate scores for each
perceptual dimension present in a conversational situa-
tion.
Figure 1 shows the graphical scale layout. The contin-
uous scales were chosen over traditional ACR scales be-
cause they showed to be more sensitive [14]. While the
labels on the left of the scales describe no impairment in
the relating dimension, the labels on the right describe
the maximum impairment. Thus the scales are consid-
ered to be unipolar.

Speaking Phase

Interaction Phase

Listening Phase

Figure 1: Dimension scale design.

Test Procedure

The new test-method is supposed to provide diagnostic
information for a conversational situation. Therefore, the

Room B
Participant 2

Room A
Participant 1

Figure 2: Test-method set-up.

method follows common paradigms for subjective conver-
sational tests as described in [15]. For each condition, or
transmission system properties under test, two partici-
pants in tow separate rooms according to [4] are required.
The basic test set-up can be seen in Figure 2.

In [13] it was shown that with general conversation sce-
narios like the Short Conversation Test (SCT) or the the
Random Number Verification Task (RNVT) alone par-
ticipants are not capable of identifying all of the seven
perceptual dimensions. It seemed that too many cogni-
tive resources are bound by this tasks due to the fact that
the attention of the test participants is rather on the con-
tent of the conversation, and on the dialogue flow. Thus,
it is important to establish a test-method that specifi-
cally allows the participants to perceive each phase sep-
arately, in addition to a natural conversation paradigm.
Therefore, the new test method to assess one condition
is composed of three sections:

(I) In the first section, the task of the two participants is
to conduct a SCT scenario according to [15]. The SCTs
were used because their tasks represent everyday-life sit-
uations and provide a reasonable degree of interaction
while being limited to an acceptable test duration. Thus,
this section represents a regular everyday-life conversa-
tional scenario of about 2-4 minutes length. After each
SCT, the participants are asked to judge the overall qual-
ity (according to [4]), and then the seven perceptual di-
mensions representing all phases of a conversation.

(II) The second section addresses the Listening and
Speaking Phases. One of the participants is asked to read
out two sentences while the other participant listens to
what is read out. The sentences and procedures of the
speaking part are similar to [16] and [12]. The listening
part is analog to [11]. After the first sequence, the partic-
ipants change roles so that each participant has to speak
and listen. For each sequence, the participants are asked
to judge the overall quality of the speaking as well as the
two dimensions for the Speaking Phase and the overall
quality of the listening as well as the four dimensions for
the Listening Phase.

DAGA 2016 Aachen

1410



(III) The third section addresses the Interaction Phase.
This task is supposed to be sensitive for possible delays
in the transmission system. Therefore, RNVTs are used
[15]. The participants are asked to judge the overall qual-
ity of the interaction and the Interactivity representing
the Interaction Phase.

An overview of the test procedure for both participants
can be seen in Figure 4.

Figure 4: Overview of the test procedure. SCT - Short
Conversation Scenario, RNVT - Random Number Verification
Task.

Dimension Rating Schema

The dimension rating schema of the new test-method is
comparable with the schema for the pure listening phase
[8] or for analyzing noisy signals [17]. Each of the three
separate sections of the new test-method includes an as-
signment (speaking, listening, SCT, RNVT) as well as a
overall quality an a dimension assessment task. As these
assessment tasks are analogue we will representative ex-
plain the rating task for Section I in detail.
After the overall quality assessment according to [4] the
dimension scales (see Figure 1) are presented separately
and consecutively. This is to reduce the bias due the
presentation order [18]. Before the participants are asked
for they ratings, they are asked to conduct the given task
once. Afterwards, the participants first give their judg-
ments on the overall quality and second on the seven
perceptual dimensions. The detailed rating schema for
Section I can be seen in Figure 3.
The conditions to be assessed are presented in random-
ized order. Additionally, the order of the dimension
scales is permuted for each participant. The schema can
be seen in Table 2. For each participant the order of the
scales is held constant to avoid confusion of the scales.

Instructions and Training

A detailed written description of the test-method is given
to the participants to ensure an equal level of knowledge.
The instructions fist gives an overview over the scales
and how they should be used. It is explained, that in the

experiment the characteristics of a conversation are sup-
posed to be judged and that this judgment is done seven
scales. Each scales is labeled with an attribute at each
end that describes the characteristic to be judged. The
scales are described in detail using the high correlated
attributes according to the SD experiment conducted to
extract the perceptual dimensions. Second the test pro-
cedure is explained. The introduction introduced each
section and its relating assignments and task to the par-
ticipant.
In the training the two participants run through one test
sequence as described in Figure 4. This is done to ensure
that the participants get to know the test procedure as
well as get used to the usage of the scales and the test
method.

Test Duration

Section Task Duration [s]

Section 1 SCT 180
Rating 70

Section 2 Speaking 30
Rating 20
Listening 30
Rating 40

Section 3 RNVT 70
Rating 10

Overall duration 450

Table 3: Average test duration.

Table 3 shows the estimations for the duration of one
sequence of the new test-method. The average 450 sec-
onds (or 7.5 minutes) can vary depending on the delay
the system uses resulting in longer or shorter durations
(duration one Sequence S = 7.5).
The training and the introduction together take up to
30 minutes until the procedure and the scales are under-
stood (training and introduction T = 30).

Assuming the experimenter plans to test 15 different
telephone system network settings (conditions C = 15).
The total duration of the experiment using the new test
method would than be 142.5 minutes (compare Equa-
tion 1).

C · S + T = 15 · 7.5 + 30 = 142.5 (1)

To avoid participants fatigue the experiment should than
be divided into two 70 minutes sessions.

Conclusions

In this article we present a new test-method for diag-
nosing speech quality in a conversational situation. The
test-method is based on the perceptual dimensions identi-
fied in three phases of a conversation. For each dimension
a separate rating scale with describing antonym-pairs is
introduced. The test procedure and the dimension rat-
ing schema as well as the training and introduction point
out the advantages of the new method. It is now pos-
sible to reduce the experimental effort and thus analyze
more telephone system network settings in shorter time.
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Figure 3: Condition, scale presentation, and rating for section 1.

Participant Dim Scale 1 Dim Scale 2 Dim Scale 3 Dim Scale 4 Dim Scale 5 Dim Scale 6 Dim Scale 7

1 dis col noi lou ios dos int
2 col noi lou ios dos int dis
3 noi lou ios dos int dis col
4 lou ios dos int dis col noi
5 ios dos int dis col noi lou
6 dos int dis col noi lou ios
7 int dis col noi lou ios dos
... ... ... ... ... ... ... ...

Table 2: Presentation order of the dimensions scales. noi - Noisiness, dis - Discontinuity, col - Coloration, lou - Loudness, ios
- Impact of one’s own voice on speaking, dos - Degradation of one’s own voice, and int - Interactivity.

In addition, the new methods serves as a baseline for cre-
ating conversational databases that allow to create and
optimize conversational speech quality estimators.
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