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Abstract

Speech telecommunication systems are usually used by
two interlocutors engaging in a conversation. In this
context, evaluating the quality of conversational speech
is important for system developers to assess their ser-
vices. In addition, the quality of conversational speech
respects all quality elements of telecommunication sys-
tems and thus considers listening, speaking, and interac-
tive impairments. In contrast, it is not enough to pro-
vide information about the overall conversational qual-
ity, but also to provide diagnostic information in terms
of pointing out sources for possible low quality ratings.
For this, a conversation is separated into three individ-
ual conversational phases (listening, speaking, and in-
teraction), and for each phase corresponding perceptual
quality dimensions were identified. We present the linear
combination of subjective dimension scores to determine
the quality of each conversational phase, and the quali-
ties of the three phases, in turn, are combined for overall
conversational quality modeling. The developed model
shows to provide reliable results on the available data
and gives insights into the relation between perceptual
quality dimensions, conversational phases, and the over-
all conversational quality. The presented model forms the
basis for developing new instrumental diagnostic conver-
sational quality models and allows deeply analyzing con-
versational speech quality for diagnosis and optimization
of telecommunication systems.

Introduction

As discussed in [1], traditional method to asses the qual-
ity of transmitted speech inherent two major limita-
tions: (i) The overall quality value — Mean Opinion Score
(MOS) — does not provide any insights into the reason for
sub-optimum quality — no diagnostic information can be
extracted — and (ii) the MOS values gathered in listening-
only tests disrespect conversational phases, like speaking
or interaction.

To overcome both limitations with one novel method, the
approach of analyzing the different phases of a conversa-
tions was followed. For this, a conversation was split into
three phases according to [2]: The Listening, the Speak-
ing, and the Interaction Phase. Quality-relevant per-
ceptual dimensions were identified to analyze the three
phases. Perceptual dimensions are defined as orthogo-
nal and thus independent features of a multidimensional
space formed by a perceptual event inside the listener
[3, 4]. They are connected to specific quality elements
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(e.g. codecs, filters, or packet-loss) [5]. Assessing these
perceptual dimensions thus serves for diagnosing speech
quality.

In separate listening, speaking and interaction experi-
ments seven perceptual dimensions were identified and
validated for a conversational situation [6].

The Listening Phase corresponds to the situation in
which the participant is listening to a vocal message. The
phase can be impaired by quality elements like codec,
noise, non-optimal signal level, or packet-loss. In [7],
four perceptual dimensions were extracted for the Lis-
tening Phase, namely: Noisiness, Coloration, Loudness,
and Discontinuity.

The Speaking Phase corresponds to the situation in which
the participant is actively speaking. This phase can be
impaired by quality elements like sidetone or echo. Both
impairments lead to the effect that the speaker is con-
fronted with a backcoupling of the own voice which makes
the production of speech more difficult for the speaker [8].
In [2], the two perceptual dimensions Impact of one’s own
voice on speaking and Degradation of one’s own wvoice
were extracted for this phase.

The Interaction Phase describes the alternation of speak-
ing and listening; the frequency of changes describes the
degree of interaction. As a disturbing side-effect mu-
tual silence (both participants remain silent) and double
talk (both participants speak) could occur. The phase is
mainly impaired by the quality element delay. In [2], the
single perceptual dimension Interactivity was extracted
for the Interaction Phase.

This sums up to seven perceptual dimensions grouped
into three phases of a conversation. An overview of the
three phases and their perceptual dimensions can be seen
in Table 1. In order to provide diagnostic information, a
test method for a direct scaling of the seven perceptual
quality dimensions is required, [9]. This method was ap-
plied in a first pilot test for eleven conditions under test
in [10]. The gathered ratings now give the possibility
to deeply analyze the quality of transmitted speech in a
conversational situation. The underlying idea — that has
already been proven in [4] — is that the dimensions, as
they are orthogonal, can be combined to a quality rating
for each conversation phase, and that the quality rat-
ings for each phase, in turn, can be used to determine
the overall conversational quality, defined as the quality

profile.
To follow this approach, the weights of the individual
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Table 1: Overview of the three phases and their seven perceptual quality dimensions for a conversational situation [7, 2, 6].

Conversational Phase Perceptual Dimension Description

Possible Source

Listening Phase Noisiness

Background noise, circuit noise, coding noise

Coding, circuit or background noise

Discontinuity

Isolated and non-stationary distortions

Packet-loss

Coloration

Frequency response distortions

Bandwidth limitations

Loudness

Important for the overall quality and intelligibility

Attenuation

Impact of one’s
own voice on speaking

Speaking Phase

How is the backcoupling of
one’s own voice perceived

Sidetone and echo

Degradation of
one’s own voice

How is the backcoupling of
one’s own voice degraded

Frequency distortions of the
sidetone and echo path

Interaction Phase Interactivity

Delayed and disrupted interaction

Delay

Table 2: Multiple linear regression analysis for predicting the
overall listening quality (M OSLr) on the basis of its four un-
derlying perceptual quality dimensions; Noisiness (M OSno:),
Discontinuity (M OSpis), Coloration (MOScoi), and Loud-
ness (MOSLou)-

Predictor | Standardized 8 Coefficient | T-stat | P, > [¢]
MOSnNoi .559 7.06 .00
MOSpis 472 4.05 .01
MOScor .110 .69 .51
MOSLou .130 1.38 .21

phases for the overall conversational quality, and the
weights of the perceptual quality dimensions for the qual-
ity of each individual phase have to be identified. In this
paper, the ratings of the pilot test, see [10], from the ba-
sis for relating the gathered ratings and thus for modeling
the overall conversational quality based on the identified
underlying perceptual quality dimensions. For this, a mul-
tiple linear regression is applied for each conversational
phase and its underlying perceptual quality dimensions.
In addition, the resulting three models provide input for
a final linear regression model to map the overall conver-
sational quality on the basis the three estiamted quality
values for each individual phase. The paper will close
with a short summary and an outlook.

Listening Phase

The analysis of the relation between the dimension rat-
ings and the overall quality of the Listening Phase is
based on the ratings gathered in [10]. Thus, the relation
between the overall listening quality M OSp; and the rat-
ings of its four underlying perpetual dimensions (Nois-
iness (MOSnNoi), Discontinuity (MOSp;s), Coloration
(MOS¢cor), and Loudness (MOSp,,)) is analyzed with a
linear regression model.

The analysis of the linear regression is given in Table 2.
The regression reaches a R? value of .97 and a RMSFE
of .17. The significance test reveals that two of the four
predictor coefficients are not statistically significantly dif-
ferent from zero (p > .05). This can be explained with
a high collinearity (VIF > 2) of the two predictors and
their shared variances since only eleven data points are
available, see [10]. In addition, Loudness shows to have
no significant impact on the overall listening quality.
Again, this result can be explained with the low num-
ber of data points (two) for the Loudness. Testing more
conditions triggering the Loudness in future experiments
should make the Loudness predictor significant.

In similar studies presented in [4], the relation be-
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Table 3: Multiple linear regression analysis for predicting
the overall speaking quality (M OSsp) on the basis of its two
underlying perceptual quality dimensions; Impact of one’s
own voice (MOSos) and Degradation of one’s own voice

(MOSpos).
Predictor | Standardized 8 Coefficient | T-stat | P, > [t]
MOSios .033 .05 .95
MOSpos .903 1.47 .18

tween the perceptual quality dimensions of the Listening
Phase and the overall listening quality was analyzed in a
listening-only test. It was shown that Discontinuity and
Noisiness have the highest impact on the overall listening
quality. Thus, the results presented in [4] are analogue
to the results present in Table 2 (see the standardized g
coefficient). In addition, the ANOVA of the regression
model shows that it is significant (F(4,6) = 56.791,p <
.01).

The regression analysis allows replacing the regression
coefficients of a regression model with values that enable
to estimate the overall listening quality as follows:

MOSr; = — 1.955 + 436 - MOSnoi
+ 516 - MOSp;s
+ 117 MOScy
+.305 - MOS1ou

Speaking Phase

Again, the analysis of the relation between the dimension
ratings and the overall quality of the Speaking Phase is
based on the ratings gathered in [10]. Thus, the relation
between the overall speaking quality MOSgp and the
ratings of its two underlying perpetual dimensions (Im-
pact of one’s own voice (los) and Degradation of one’s
own wvoice (Dos)) is analyzed with a linear regression
model.

The analysis of the linear regression is given in Table 3.
The regression reaches a R? value of .87 and a RMSFE
of .38. The significance test reveals that the two pre-
dictor coefficients are not statistically significantly differ-
ent from zero (p > .05). Again, this can be explained
with a high collinearity (VIF > 2) of the two predictors
and their high correlation of > .80. The two dimen-
sions seem to be depended from each other in terms of
their presence and thus do not provide significant pre-
dictors. In addition, again, the conducted experiment
only provided four data points for the two perceptual
dimensions. Thus, the dependency of both perceptual



Table 4: Multiple linear regression analysis for predicting
the overall interaction quality (MOSin) on the basis of its
one underlying perceptual quality dimension; Interactivity

(MOSine).
Predictor | Standardized 8 Coefficient | T-stat | P, > |¢]
MOSnt 911 6.62 .00

dimensions should be analyzed further. At this point,
a definite interpretation of their impact on the overall
speaking quality is difficult as their predictors are inter-
changeable. The ANOVA of the regression model shows
that it is significant (F(2,8) = 28.104,p < .01).

To estimate the overall speaking quality MOSgp, the
regression coefficients from a linear regression model are
replaced with the regression predictors resulting from the
regression model analysis:

MOSgp =.144 + .026 - MOS0s

(2)
+ .819 - MOSpos

Interaction Phase

Again, the analysis of the relation between the dimension
rating and the overall quality of the Interaction Phase is
based on the ratings gathered in [10]. Thus, the relation
between the overall interaction quality M OS;y and the
ratings of its underlying perpetual dimensions Interactiv-
ity is analyzed with a linear regression model.

The analysis of the linear regression is given in Table 4.
The regression reaches a R? value of .83 and a RMSFE
of .32. The significance test reveals that the predictor
coefficient is statistically significantly different from zero
(p < .05). The ANOVA of the regression model shows
that it is significant (F'(1,9) = 43.867, p < .01).

Again, the regression allows replacing the regression coef-
ficients from a linear regression model with the regression
predictors as follows:

MOS;yn = — .299 + .942 - MOS}ns (3)

Overall Conversational Quality

Knowing the relations between the perceptual quality
dimensions and the three conversational phases allows
modeling the ratings for each conversational phase. Now,
to estimate the overall quality, the weights of the three
individual conversational phases for the overall conversa-
tional quality have to be identified.

The analysis of the relation between the three conver-
sational phases ratings and the overall conversational
quality is again based on the ratings gathered in [10].
Thus, the relation between the overall conversational
quality MOSco and the ratings of its three conversa-
tional phases (the Listening Phase (LI), the Speaking
Phase (SP), and the Interaction Phase (IN)) is ana-
lyzed with a linear regression model.

The analysis of the linear regression is given in Table 5.
The regression reaches a R? value of .97 and a RMSFE
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Table 5: Multiple linear regression analysis for predicting the
overall conversational quality (MOSco) on the basis of its
three conversational phases; the Listening Phase (MOSLr),
the Speaking Phase (MOSsp), and the Interaction Phase

(MOSi).
Predictor | Standardized 8 Coefficient | T-stat | P. > |t
MOSLy .199 2.26 .05
MOSsp 442 4.75 .00
MOSn 457 4.38 .00

of .15. The significance test reveals that one of the three
predictor coefficients is not statistically significantly dif-
ferent from zero (p > .05). Again, an explanation for
this is the low number of available data points. However,
the p value is not below but equal .05 (p = .05). Thus,
all predictors of the applied regression model have a sig-
nificant impact for the model. In turn, this means that
all three conversational phases make a significant contri-
bution for estimating the overall conversational quality.
The ANOVA of the regression model shows to be sig-
nificant (F(3,8) = 81.588,p < .01). Again, the multi-
ple regression model reveals the regression coefficients to
estimate the overall conversational quality based on its
three conversational phases:

MOSco = — .393 + .188 - MOSy;

+.354 - MOSgsp + 477 - MOSrn (4)
For the overall conversational quality, the Speaking Phase
has a higher impact than the Listening Phase (see Ta-
ble 5). From this it follows, that degradations that affect
the Listening Phase (e.g. attenuation) only partly affect
the overall conversational quality. Degradation concern-
ing the Speaking Phase (e.g. echo), however, show to
have a high impact regarding the overall conversational
quality. However, as described before, it has to be fur-
ther investigated how the impact of the two speaking di-
mension can be seen in relation to each other, and what
conclusions could be drawn from these investigations in
the context of the conversational phases.

The models presented for the Listening, the Speaking,
and the Interaction Phase and the regression model to
estimate the overall conversational quality based on the
three conversational phases can be combined. This re-
sults in a quality profile and a model to estimate the
overall conversational quality based on the seven per-
ceptual quality dimensions of a conversational situation.
The resulting quality profile is formed in two consecutive
steps:

1. The quality of the three conversational phases
(MOSL, MOSsp, and MOSy) is estimated based
on their underlying perceptual dimensions according
to (1), (2), and (3).

2. The overall conversational quality MOSco is esti-
mated based on the estimations of the conversational
phases in step 1 according to (4).

Executing the two combination steps leads to the follow-
ing equation to estimate the overall conversational qual-
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estimated MOS

1 2 3 4 5
subjective MOS

Figure 1: Estimated MOSco vs. subjective MOSco based
on the new quality profile.

ity based on its seven underlying perceptual dimensions:

MOSco = — .393 4+ .188 - MOSy;
+.354- MOSgp + .477- MOS;y

Applying (5) on the available ratings for the seven per-
ceptual dimensions results in an estimation with a corre-
lation of p = .91 and an error of RMSE = .30. Figure 1
shows an overview of the estimated M OSso values and
the subjective M OS¢co values for the eleven data points.
It can be seen that the developed model provides reliable
results with a high correlation and a small error.

Conclusions and Outlook

In this paper, the data from a already conducted exper-
iment was used for modeling the overall conversational
quality based on the identified underlying perceptual
quality dimensions. For this, the relations and weights
between the seven identified perceptual quality dimen-
sions, the three conversational phases, and the overall
conversational quality have been analyzed and identified.
In sum, four regression models were developed. The re-
sulting quality profile uses three of the developed models
to estimate the quality of each of the three conversational
phases based on their underlying perceptual quality di-
mensions. To estimate the overall quality, a fourth de-
veloped model that is based on the quality values of the
three conversational phases, is used. The new quality
profile thus gives information about the overall conversa-
tional quality and the quality of the three conversational
phases based on the seven perceptual quality dimensions.
The developed model provides reliable results with a high
correlation and a small error.

However, the analyses showed that more data for more
conditions under test are needed to poof the robustness
of the new quality profile. The presented models are
based on one experiment that tested eleven conditions
[10]. Thus, more varying conditions with different char-
acteristics should be tested in the future to provide more
data points to train and validate the proposed quality
profile.

852

In sum, analyses allow analyzing, diagnosing, and esti-
mating the quality in a telephone conversion. In addi-
tion, the quality profile forms the fundamental base for
future instrumental quality models. Based on the needs
and the requirements the model should fulfill, the qual-
ity profile gives the possibilities to estimate the overall
conversational quality either on the base of its seven per-
ceptual quality dimensions or on its three conversational
phases.
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