
Influence of Packet Loss and Double-Talk on the Perceived Quality of Multi-Party

Telephone Conferencing with Binaurally Presented Spatial Audio Reproduction

Maxim Spur1, Dennis Guse1, Janto Skowronek2
1 Quality and Usability Lab, Technische Universität Berlin, Deutschland

2 Technische Universität Ilmenau, Deutschland

Email: maxim.spur@tu-berlin.de, dennis.guse@tu-berlin.de, janto.skowronek@tu-ilmenau.de

Abstract

In this paper, we investigated how the perceived quality
of a telephone conferencing system with spatial sound
reproduction is affected by packet loss degradation and
double-talk. We conducted a listening-only experiment
investigating the impact of packet loss when two speakers
talk either in sequence or concurrently.

Regarding packet loss, the results show that subjects are
able to differentiate between different degrees of packet
loss, i. e., larger amounts of loss results in a lower per-
ceived quality. These findings are in line with packet loss
on non-spatial single-channel telephony, and they sug-
gest that quality assessment methods for conventional
telephony are also applicable for spatial audio scenarios.

In addition, the results show that participants were able
to discern which of the two speakers’ connections were
affected by packet loss. Furthermore, the presence of
double-talk significantly improved the subjective quality
ratings of the impaired conditions compared to sequen-
tial speech. Nevertheless, the impaired double-talk con-
ditions were rated lower than the unimpaired conditions,
showing that the degradation as such is still perceived.

This leads to the conclusion that double-talk makes
degradations on individual connections less apparent,
which suggests for future work that the benefit of spa-
tialization in double-talk situations reduces the impact
of impairments affecting individual speakers.

Introduction

Spatial audio reproduction, as achieved through e. g.,
convolving monaural signals with head-related transfer
functions (HRTFs), has been shown to offer significant
benefits to conferencing calls [1], i. a. by harnessing the
Cocktail Party Effect [2]. Since most current systems for
audio conferencing are based on Voice over IP (VoIP)
technology, they are susceptible to common issues aris-
ing from using the underlying IP networks, such as packet
loss (PL). If no countermeasures such as forward error
correction or packet loss concealment are applied, this
(random) PL leads to lost audio segments—usually 20 ms
in length with each lost packet—and can result in choppy
audio at best and a complete loss of spoken content at
worst.

Depending on the degree of PL, which can be measured
as frequency of the random PL events as well as the num-

ber of successive packets lost in one PL event (PL burst
length), the user-perceived quality can drop significantly.

Prior work exists which investigates the effect of PL on
the perceived quality within the context of monaural tele-
phone conferences (e. g. [6]). This paper aims to com-
plement this research by providing a first study assessing
the perceived quality impact of PL within a spatial-only
conferencing setup. In addition, the study also explores
for the first time how the inclusion of double-talk (i. e.,
both speakers talking at the same time) influences listen-
ers’ perceived quality in this context.

The results from the experiment highlight listeners’ sen-
sitivity to slight increases in PL and their ability to cor-
rectly attribute PL to individual speakers. They further
show that conditions with double-talk were consistently
rated higher than their sequential speech equivalents.

Experimental Setup

To assess the impact of PL and double-talk on spatially
represented audio conferences a listening-only test was
conducted. It employed the established research meth-
ods for speech systems as outlined by ITU-T recommen-
dations P.800 [11] as well as P.1301 [13] and also used in
prior work (e. g., [6, 7]). This section details the design
of the experiment and how it was conducted.

Client 1 Client 2

Client 3

Bridge

Client 1 Client 2

Client 3

Centralized

Decentralized

Audio Signals

individual

mixed

Figure 1: Centralized vs. decentralized conferencing topolo-
gies shown with three interlocutors/clients.
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Topology

Multi-party conferencing systems usually follow one of
two designs: a centralized or decentralized topology (see
Figure 1). The main difference between those manifests
itself in the location where the mixing and further pro-
cessing (e. g., spatialization) takes place. In the central-
ized topology, a central conferencing bridge connects all
clients together. The bridge receives each client’s outgo-
ing audio signal and prepares an individual mixed signal
for each client to receive. In the case of spatial audio,
packet loss during transmission of a stereo signal could
result in artifacts that diminish the advantageous spa-
tial effect. This motivates the choice of the decentralized
topology for this study, since only mono signals are sent
in that case. Each client receives every other’s outgoing
audio and does the mixing and processing by itself. PL
then only results in silent parts with no impact on the
spatial effect.

Spatial Rendering and Packet Loss Insertion

A decentralized conferencing system with three partic-
ipants (one listener as the test subject and two pre-
recorded speakers) was simulated by playing the speak-
ers’ outgoing audio through a spatialization engine (the
SoundScape Renderer [9]) and presenting the resulting
binaural signal to the listener. The spatialization engine
is set up so that both speakers are virtually positioned in
front of the listener and separated from each other by 30
degrees, thereby creating a ”left” and ”right” speaker.

Since pre-recorded sentences were used to act as the
speakers, PL could be simulated by muting the recorded
speech for multiples of 20 ms (one lost audio frame per
packet) for each packet loss event depending on the de-
sired PL severity. For this experiment, three degrees of
PL severity as measured in burst length (BL) were com-
pared: 3, 6, or 9 packets lost in a row per PL event. The
PL events were distributed randomly through parts of
the recordings where speech was present at a frequency
that resulted in 7.5, 15 or 22.5 % of spoken content lost,
respectively.

Stimuli Presentation

The test conditions differed as follows: PL burst lengths
of 3, 6 or 9 packets in a row, PL affecting the left, right
or both speakers and double-talk occurring or not. Each
simulated conversation was created from pre-recorded
sentences and edited to be around 10 seconds long. Us-
ing permutations of the test parameters and repeating
them with different spoken content, 96 unique stimuli (re-
peating each condition three times) were created. These
stimuli were presented using a digital questionnaire tool
(TheFragebogen, [10]) running on a tablet PC with the
audio output through an Edirol UA-25EX sound card to
a pair of Beyerdynamic DT 790 Pro headphones.

Scales

The questionnaire tool allowed repeated playback of the
stimuli and provided the test subjects with scales to rate

two aspects of each simulated conference after listening
to it:

• Perceived quality of the whole system; overall im-
pression of the connection

• Perceived quality of the individual connections
(left/right speaker’s connection)

extrem
schlecht

schlecht dürftig ordentlich gut ausgezeichnet ideal

Fig. 3. Continuous 7-point scale (labels in German); labels
from left-to-right: extremely bad (0), bad (1), poor (2), fair
(3), good (4), excellent (5) and ideal (6) [18].

After fulfillment of each task the subject rated the qual-
ity on the 7-point continuous scale [18] shown in Figure 3.
This scale was chosen over a standard 5-point absolute cat-
egory rating scale to enable more fine grained ratings. The
rating scale was presented with the following German state-
ment “Bitte beurteilen Sie das Ladeverhalten hinsichtlich der
Bearbeitung der Aufgabe”, which translates to “Please judge
the loading process with regard to the task fulfillment”.

In addition to the quality judgment also the TCT is mea-
sured by taking the time between the start of the webpage
loading and the time the task is solved successfully as indi-
cated by pressing the button with the label “next”. Further,
the number of unsuccessful attempts to finish a task (clicks
on the button) is measured.

The study was conducted in a soundproof cabin according
to ITU-T P.800 [19] to avoid impact of environmental distrac-
tion. The study involved a training phase in which five stimuli
were presented to show the range of impairments and a study
phase with one hundred stimuli with each condition repeated
5 times. During this training phase subjects were left alone
in the room. In the study participated 28 subjects (11 male
and 17 female) aging from 18 to 35 (mean 26). The study
was conducted in Berlin, Germany in September and October
2014.

4. RESULTS

This section first discusses the results of the subjective quality
assessment followed by the evaluation of the TCT as objective
measure. The obtained quality ratings are expressed as Mean
Opinion Score (MOS), ranging from 0 to 6 (see Figure 3).
The TCT is expressed as average by condition (mean TCT).
The results are shown in Table 1 for the studied classes of
degradations, where each line represents one condition.

4.1. Subjective Quality

A statistical analysis of the quality judgments using Kruskal-
Wallis rank sum test showed significant group differences,
when comparing all conditions (�(9) = 884.7, p < .0001).
A post-hoc analysis with a pairwise Wilcoxon rank sum test
with Holm’s adjustment for multiple comparison was con-
ducted. The groups of non-significant different conditions are
shown in Table 1. That is, conditions represented by the same
group number represent non-statistically different results.

Considering only the Page Loading Delay degradation,
the results show that increasing the PLT from 0 sec to 8 sec
decreases the MOS from 5.5 to 3.2. Except for the conditions
with a PLT of 2 sec and 4 sec, PLT changes yield significant
different quality judgments. This is in line with prior work
that investigated load delay alone [4–6, 13, 14].

The Missing CSS degradation, which impaired the visual
representation of selected items, is i) perceived by the subjects
and ii) resulted in a slightly degraded MOS of 4.1 (cf. 5.5 for
the reference condition). In fact, this condition lead to the
highest standard deviation (1.4) of all studied conditions. The
statistical analysis found the missing CSS degradation to be
statistically significantly different to the reference condition
(MOS 5.5). Comparing the missing CSS degradation to the
delayed loading of images yielded quality ratings that are not
statistically different for the Page Loading Delay degradation
with a PLT of 2 sec and of 4 sec. Thus, those are considered
as similar (i.e., forming rating group 2).

The two conditions of Delayed Images lead to a statis-
tically not significant different MOS of 2.2 (for 8 sec linear
loading) and, respectively, 2.3 (initial loading). Thus, no dif-
ference could be found, if all except the 3 images are loaded
instantly or linearly.

The Missing Images degradation, where the webpage
loads except that either 1/3 or all images fail to load immedi-
ately, results in significant different MOS of 2.1 and 1.2. The
condition with 27 missing images and an effective PLT of
0 sec yielded the lowest quality judgment of all studied con-
ditions. This degradation is perceived worse than the lowest
rated delay only condition that is Delayed Images, which had
a PLT of 16 sec. In fact, the 1/3 condition is statistically not
significant different from the two Delayed Image conditions.
Those three conditions are denoted as group 4. The Delayed
Missing Images degradation, where 3 images are failing to
load after 16 sec results in a MOS of 1.7.

4.2. Task Completion Time

For the TCT a Kruskal-Wallis test (�(9) = 959.0, p < .0001)
showed significant group differences for all conditions and
a pairwise Wilcoxon rank sum test with Holm’s adjustment
for multiple comparison was conducted. The groups of non-
significant different conditions are again shown as rating
groups in Table 1.

For the Page Loading Delay degradation the TCT in-
creased from 7.6 sec—for an immediately loading webpage—
up to 10.8 sec for a PLT of 8 sec. Here, increases in PLT seem
to be linearly reflected in the TCT. Similar to the quality judg-
ments the conditions with 2 sec and 4 sec are not statistically
different and thus denoted as group 2.

The Missing CSS degradation lead to a TCT of 10.8 sec.
This is statistically different to the TCT observed for PLTs of
0 sec (non-delayed reference condition), and 2 sec and 4 sec
(delayed loading). This condition, however, is not signifi-

Figure 2: Continuous 7-point scale with German labels as
used in the study. Translated labels left-to-right with MOS
value: extremely bad (0), bad (1), poor (2), fair (3), good (4),
excellent (5) and ideal (6).

The first question used a discrete 5-point absolute cat-
egory scale ranging from “excellent” to “bad” [11]; the
second one used the 7-point continuous scale [12] shown
in Figure 2 and extended the range to “extremely bad”
and “ideal”. These two different kinds of scales (with re-
versed orders of options) were chosen to further differen-
tiate both types of questions and encourage the subjects
to think separately about each question. Prior to the
evaluation of the 96 stimuli, 16 stimuli were presented
to the subjects during a training phase, showing the full
range of variation of the conditions using the same setup.
During the training phase and the subsequent experiment
phase, the subjects were left alone in soundproof cabins
according to ITU-T P.800 [11]. The experiment sessions
lasted on average about 50 minutes. The experiment was
conducted in Berlin, Germany in June 2015 with 25 na-
tive speaking subjects (13 female, 12 male), aging from
18 to 45 years old (µ = 29).

Results

The quality ratings obtained from the experiment are ex-
pressed as Mean Opinion Scores (MOS), ranging from 1
to 5 or 0 to 6 for the two scales (see Figure 2). Figure
3 displays these for the examined conditions, separated
by type of speech (sequential/double-talk), PL severity
(burst lenght of 3, 6 or 9) and which connections are af-
fected by PL. The individual connection quality ratings
also show the MOS for the connections which were un-
affected while the other one experienced a degree of PL.
Examining these allows to investigate the noticeability of
the degradation, i. e., were participants able to tell which
connections were affected by PL or not affected.

To analyze the statistical significance of differences
in MOS values with changing PL severity, the non-
parametric Friedman test with post-hoc analysis was car-
ried out on all groups (e. g., double-talk, overall quality,
both sides affected: burst length of 3 vs. 6 vs. 9 or
none). As seen in Figure 4, the MOS values change sig-
nificantly with a change in PL severity; post-hoc anal-
ysis further reveals that most pairwise comparisons of
conditions show significant change with increasing PL.
Exceptions are most comparisons between burst lengths
6 and 9 as well as ratings of the unaffected connections
when comparing any two burst lengths higher than zero.
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reference other; 3 other; 6 other; 9 one; 3 one; 6 one; 9 both; 3 both; 6 both; 9

1.51

2.28
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2.20
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4.534.50
4.69
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1.24

1.70
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1.70

2.47

3.06

4.46
4.194.32

4.85

reference one; 3 one; 6 one; 9 both; 3 both; 6 both; 9

1.57

2.26

3.042.89
3.19

3.95

4.75

1.27
1.74

2.63
2.37

2.76

3.25

4.61

sequential speech double-talk

Mean Overall System 
Quality Ratings

Mean Individual Connection 
Quality Ratings

sides affected by PL; burst rate

connections affected by PL; burst rate

excellent (5)

good (4)

fair (3)

poor (2)

bad (1)

ideal (6)

excellent (5)

good (4)

fair (3)

poor (2)

bad (1)

extremely 
bad (0)

Figure 3: MOS values for all examined conditions, separated
by type of speech, PL severity and affected connection; shown
for both overall and individual connection quality.

This last point indicates that any degradation occurring
on one connection impacts the quality judgements of the
other unaffected one, while the severity of the PL does
not have an effect.

Comparing conditions with PL on one connection to
those with PL on both connections, the used non-
parametric Wilcoxon signed-rank test showed significant
differences for every burst length (p <.0001; effect sizes
>0.5; both connections affected resulted in worse rat-
ings).
The same test was used to compare conditions with se-
quential speech to those with double-talk. The results,
along with medians of the analyzed data are displayed in
Figure 5. Most comparisons show a significant improve-
ment in MOS when double-talk is present for all PL con-
ditions. The effect sizes are larger when both connections
were affected by PL.

Discussion

The first finding from the study—decrease in MOS with
an increase of PL severity—is in line with related work
from the conventional non-spatial context, c.f. [5]. An-
other insight is the finding that the MOS of an indi-
vidual connection’s quality slightly decreases when the
other connection is also affected by PL. This is also the
case for unimpaired connections in which MOS decreases
when there is PL on the other connection. This finding
confirms for the spatial context that a mutual influence
of the quality perception of individual connections can
be observed [8].

Test Result sequential speech, 
PL on one side

sequential speech, 
PL on both sides

double-talk, 
PL on one side

double-talk, 
PL on both sides

Friedman 
rank sum test

p 2.21E-15 6.01E-16 3.01E-14 3.01E-14

χ2(3) 71.3 74.0 66.0 73.0

Multiple 
comparisons 

(post-hoc)

critical difference 24.1 24.1 24.1 24.1

observed 
difference

ref 3 26.0 25.0 24.5 26.0
ref 6 53.0 52.0 55.0 50.5
ref 9 71.0 73.0 66.5 73.5

overall 
system 
quality

3 6 27.0 27.0 30.5 24.5
3 9 45.0 48.0 42.0 47.5
6 9 18.0 21.0 11.5 23.0

Test Result
sequential 

speech, 
PL on 

other side

sequential 
speech, 

PL on 
one side

sequential 
speech 
PL on 

both sides

double-talk, 
PL on 

other side

double-talk, 
PL on 

one side

double-talk, 
PL on 

both sides

Friedman 
rank sum test

p 3.94E-05 1.99E-15 6.40E-16 2.77E-07 1.19E-15 6.40E-16

χ2(3) 23.1 71.5 73.8 33.3 72.6 73.8

Multiple 
comparisons 

(post-hoc)

critical difference 24.1 24.1 24.1 24.1 24.1 24.1

observed 
difference

ref 3 29.0 27.0 25.0 26.0 25.0 26.0
ref 6 41.0 49.0 51.0 49.0 52.5 49.0
ref 9 30.0 74.0 74.0 39.0 72.5 75.0

individual 
connection 

quality

3 6 12.0 22.0 26.0 23.0 27.5 23.0
3 9 1.0 47.0 49.0 13.0 47.5 49.0
6 9 11.0 25.0 23.0 10.0 20.0 26.0

Figure 4: Results of Friedman tests with post-hoc analy-
sis of both overall system and individual connection qual-
ity judgements when comparing different PL severities (burst
lengths). Significant differences highlighted in bold type and
yellow background.

overall system quality individual connection quality

impaired side, 
burst length

medians of data subsets
p

effect 
size

medians of data subsets
p

effect 
sizesequential 

speech
double-talk sequential 

speech
double-talk

reference (none) 4.75 4.83 7.2E-03 -0.38 4.83 4.93 2.7E-02 -0.31

one side, 3 3.33 4.00 2.7E-05 -0.59 3.02 3.50 1.3E-03 -0.45

one side, 6 2.83 3.17 9.1E-04 -0.47 2.25 2.80 1.3E-01 -0.22

one side, 9 2.33 2.83 3.8E-05 -0.58 1.67 2.27 7.7E-04 -0.48

both sides, 3 2.67 3.17 3.8E-04 -0.50 2.68 3.27 5.8E-05 -0.57

both sides, 6 1.67 2.33 8.6E-05 -0.56 1.77 2.32 1.8E-07 -0.74

both sides, 9 1.17 1.50 5.3E-05 -0.57 1.19 1.57 2.5E-04 -0.52

Figure 5: Results of Wilcoxon signed-ranks tests of both
overall system and individual connection quality judgements
when comparing sequential speech to double-talk. Significant
differences highlighted in bold type and yellow background;
medium to high effect sizes in bold type and color.

This effect depends only on the presence of PL in the
other connection but not its severity, as comparing dif-
ferent burst lengths of PL on the other connection yields
no significant differences (see the individual connection
comparisons of the “other sides” in Figure 4).
Since there is no effect between the severity of PL on
the other connection and the drop in MOS of the rated
connection, a confusion of both connections (either in
hearing which of the two is affected by PL or in selecting
the wrong rating scale) can be ruled out. Visualization of
every test participant’s individual rating data found no
one who consistently rated. e. g., the worse connection
as being better, although isolated instances of confusion
can contribute to lower or higher means.

Conversely, double-talk has been found to increase MOS
across almost all conditions. Here it could be argued
again that confusions between the affected and unaffected
connections are a factor in the MOS increase (balancing
out the MOS decrease in the “other connection affected”
ratings discussed above).
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On the other hand, the MOS improvements are even
greater in the overall system quality ratings, which are
not affected by confusions of the two connections. Two
effects could be responsible here:

• It may be harder to notice signal degradations with
two people talking at the same time.

• The (desirable) spatial effect may be more percepti-
ble with two separate sound sources being active at
the same time.

Conclusion and Future Work

In this paper, a listening-only test was conducted to
study the perceived quality of spatial conferencing sys-
tems in the presence of packet loss as well as double-talk.
The results with regard to packet loss only are in line
with prior work on the non-spatial case. We were able to
confirm these findings for the case of spatial audio repro-
duction. In addition, it could be shown that the number
of connections affected by PL as well as the presence of
double-talk significantly influence a listener’s perception
of the system quality and also the quality of individual
connections.

Future work is necessary to further substantiate the in-
sights into how much of an effect spatial audio reproduc-
tion has on the perception of quality under the conditions
investigated in this experiment. This could be done by
a direct comparison of spatial vs. non-spatial reproduc-
tion. The understandings of how signal impairments on
individual connections between interlocutors affect qual-
ity ratings gathered here should be further deepened by
investigating a greater number of interlocutors and dif-
ferent kinds of signal degradation.
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