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Abstract: This study presents a comparative study about audiovisual quality from Facebook Messenger,
WhatsApp, and LINE when using them specifically to make video calls from smartphones. The first part
of this study is based on subjective tests. After gathering the results, audiovisual quality from each social
media application has been calculated before conducting statistical analysis. From the results and
analysis, it has been found that Messenger can provide slightly better audiovisual quality with Mean
Opinion Score (MOS) of 4.02-4.10 than WhatsApp and LINE with MOS of 3.75-3.85 and 3.63-3.90
respectively, although there is no significant difference after testing the hypotheses by using Analysis of
Variance (ANOVA) technique. Besides, this study has shown that the Hands’ additive linear model and
the Belmudez & Moller’s full model are reliable to be utilized for short conversation - audiovisual quality

assessment, which is one of the contributions of this study.
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1. Introduction

Nowadays, smartphones are being used
extensively worldwide, particularly in developed
countries. Statistical estimates were that there
are more than 2.5 billion smartphone users in the
world in 2018 and it was predicted that there will
be almost 2.9 billion smartphone users worldwide
in 2020 [1]. Smartphones are not only used for
voice communication but also for multimedia
communication (e.g., video calls). Because of the
proliferation of smartphones, the market for
applications for smartphones would grow as well,
including social media applications. These
applications support various services such as
instant Voice over

messaging, file sending,

Internet  Protocol (VolP) and video calls.

Dreamgrow also presented the top 10 social
media applications globally in 2018: WhatsApp
and Messenger are at the first and second place
respectively with 1.5 billion monthly active users
(MAUSs) and 1.3 billion MAUSs, while LINE is in the
eighth place with about 220 million MAUs [2].
Important functions of these social media
applications include VolP and video calls. The
obvious benefit of these functions is providing
free calls using the internet access of
smartphones. Particularly video calls require high
quality of service (QoS) from the overall
performance of the network as seen by the users

of the communication network. In order to meet
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user's needs and expectations delay of end-to-
end and drop rates have to be reduced [3]. In
times of poor internet connection, poor network
parameters usually occur, resulting in poor quality
issues for video calls. Video call feature
provides not only voice but also the video
streaming or images in almost real-time.
However, internet issues such as inconsistent IP
networks would result in poor voice quality as
well as poor video quality. Several steps in
processes from the start to the end may degrade
the quality perceived by end-users while network
impairments would reduce the quality of
experience for end-users. Therefore, monitoring
and evaluating the quality perceived by users,
known as quality of experience (QoE) is
important and necessary in order to gain or
maintain high satisfaction of users [4]. For video
calls, these services are classified as parts of
audiovisual services. Therefore, audiovisual
quality assessment can be applied to evaluate
the quality of the video call service provided by
social media applications. The assessments of
video call quality from those applications can be
done on voice and visual qualities separately by
using the same concept as in [5].

In this study, the subjective assessment
methods for voice quality and video quality from
three social media applications; consisting of

WhatsApp, Messenger, and LINE, have been

The Journal of Industrial Technology (2020) volume.16, issue 1.

32

http://j.citkmutnb.ac.th



M3a1s3vImanaluladianannssu (The Journal of Industrial Technology)

UNAININY
conducted before utilizing them together to find

overall audiovisual quality using assessment
methods proposed by researchers previously.
However, some data from Messenger and LINE

6].

audiovisual quality of video calls provided by the

have been applied from Finally, the
three applications has been compared and
analyzed using the statistical technique, in order
to see whether the audiovisual quality from three
applications is the same or not. Furthermore, this
study also tries to find appropriate mathematical
for audiovisual

models quality assessment

referring to short conversation tests.

2. Background and Related Studies

2.1 Social Media Applications: WhatsApp,
Messenger and LINE

Nowadays, social networks have grown
enormously and provided people a new world
where they can share everything that happens
around them [7]. These networks are defined
assets of people or groups of people with some
pattern of contacts or interactions between them
[8]. People or users from everywhere can easily
access social networks via social networking sites
(SNS) or social media applications. Social media
applications, such as Mobile Instant Messaging
(MIM) applications offer not only sending and
receiving messages but also provides several

other services (e.g., video calls). Many popular
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social media applications are free to use.
However, there are only three applications
associated with the tests in this study, consisting
of WhatsApp, Messenger, and LINE.

WhatsApp is the most popular with monthly
active users in more than 180 countries [2, 9]. It
is a free social media application, offering simple,
secure and reliable messaging, VolP calling and
video calling. It is available not only in
smartphones but also on personal computers
(PCs) [9]. It supports Android, iOS, PCs and even
Windows Phone. It supports sending and
receiving a variety of media, including text, photo,
video, document, location, voice and video call.

Messenger is under the umbrella of
Facebook. It is an application used for instant
messaging, photo/video/sticker sending, audio
and video calling and SMS [10-12]. It supports
Android, i0OS, PCs and Windows Phone. It has
been claimed to be the leading application in
social media for text and video chats that have
been downloaded from the App Store [6, 13]. In
addition to its functions and features, it can
collaborate with Facebook, the biggest social
networking site (SNS), with over 2,000 million
active users [1].

LINE is another popular application created
after the great earthquake and tsunami in March
2011. As stated in [6], it was developed and

officially launched a few months later in order to
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help people chat with each other using short

messages over the limited infrastructure of
is available for

Android,

telecom networks [14-15]. It

smartphone devices iPhone,

(e.g.,
Windows Phone, BlackBerry, and Nokia) and
PCs. It has been cited in [5] that it became the
major social media platform daily in Thailand
market with 41 million users, and was being used
by 92% of connected consumers in Thailand [16].
Its popularity could be attributed to its most highly

used feature - the stickers.

2.2 Audiovisual quality and its metrics
Audiovisual quality assessments are generally
classified into two main methods, subjective and
objective assessment [17]. Subjective quality
assessment methods may involve making video
calls between pairs of participants. Then, their
judgments of the video call quality are gathered
and utilized as a quality metric. Objective quality
assessment methods, however, do not rely on
human judgment but usually involve automated
procedures to determine quality metrics [17]. Both
subjective and objective methods are referred to
as Quality of Experience (QoE) assessment
methods. It can be the key determining factor in
the success of multimedia applications or
services [18]. Unlike QoS that evaluate networks
and/or systems parameters (e.g., loss and delay),

QoE contains more factors and covers a wider
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range of aspects which can directly reflect users’
acceptance of the service, therefore it is more
suitable for the evaluation of service quality in
networks, systems or even applications [19].

For QoE, Mean Opinion Score (MOS) is the
key quality indicator, the metric that directly
shows the QoE level [20]. It is the 5-point scale
metric used to quantify the level of multimedia
quality perception (5=excellent, 4=good, ..., and
1=bad) that is used widely [21]. It directly
presents the QoOE level provided by real-time
applications (e.g. VolP and Video Streaming),
thus it is useful to evaluate applications and/or
networks from wusers’ point of view [22].
Nowadays, several kinds of services/applications
are also utilized by MOS for quality assessment.
For example, in the case of video streaming,
even the Peak Signal-to-Noise Ratio (PSNR), the
most common and widely used metric for video
quality assessment in the past, is also converted

to MOS [23].

2.3 Hypothesis Tests

A hypothesis test is a type of statistical
inference [15]. It uses the data from a sample to
decide between a null hypothesis (H,), and an
(H,),
the

alternative hypothesis which makes a

specific claim about parameters and

describes that the null hypothesis is false. It is

necessary to determine the p-value from the
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gathered data to accept or reject HO. If the p-
value is less than the significant level (e.g., 0.05),
HO is rejected and H1 is accepted. In contrast, if
the p-value is more than the significant level, HO
is accepted. Thus, the significant level is the
breakpoint to accept or reject the null hypothesis.
In this paper, the t-test as in [24] cannot be used
because multiple comparisons are

therefore, ANOVA, as mentioned in [25], has

required,

been applied.

2.4Previous related studies

Focusing on audiovisual quality assessment, it
has been found that there are several interesting
models as shown in Table 1 [26-29]. Those
mathematical models may be utilized for video
call quality calculation provided by social media
applications. However, before applying those
models, each model has been applied to five
scenarios called S1-S5 as shown in Table 2, with
different values of MOS, and MOS,, to calculate
for MOS,,, using (1)-(8), in order to verify if there
is any issue about reliability.

As shown in Table 3, if the error from each
model is accepted within the error range of + 0.5
only, one can see that there is an unreasonable
MOS,, provided by several audiovisual models.
The details can be presented as follows:

- (5), (6) and (8) are unreliable for S1
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- (1), (2) and (6) are unreliable for S2, S3,
and S4.

- (1) and (4) are unreliable for S5
After analyzing those models based on the error
assumption using a simple approach, it has been
found that there are only 2 models (the additive
linear model as in (3) and the full model as in (7)
which provides results without errors. Therefore,
these two models have been applied in Section

3.

3. Methodology

This study is based on subjective tests, see
Figure 1. It focuses on video telephony utilizing
audiovisual short conversation test (AVSCT) [29].
For the free conversation topics, for example;
studies in their classes, TV series, TV stars, and
lottery. For video telephony applications,
WhatsApp and Messenger were chosen due to
the ranking in the Top 10 most popular social
media applications, while Line was also selected
in this study because of its high usage in
Thailand [16].

Each pair of subjects is required to sit in
separate rooms. The smartphones used in this
study were a pair of iPhone 6 (model) with an
iOS 11.4 operating system. Their displays were
4.7 inches with aspect ratio 16:9 and a resolution
of 1334x750. Also, special headsets with foam

ear cushions were used to get rid of noises. Both
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smartphones connected to the IP network via
WiFi or wireless network (IEEE802.11n standard)
inside the Faculty of Industry and Technology,
Rajamangala University of Technology
Rattanakosin (Wang Klai Kangwon Campus).
The IP network inside the campus was
specifically configured for this study. The Internet
link with a bandwidth of 1 Gbps was provided by
one major network operator using a fiber link to

provide the Internet network. For testing, there

Table 1 List of previous research works
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were 30 subjects per social media application

[30-31], see Table 4 for more background
information. Those subjects are represented as
non-expert users. The same selection criteria
were adopted to remove bias (e.g., they studied
the same

in the same faculty and had

background knowledge about science and
technology while most of them were about 21

years old).

Author(s) Proposed concept
MOS,y= -0.3255MOS,+0.3309MOS,+0.1494MOS ,MOS,,+0.5457 (1)
ITU-T [26] MOS,= -0.1638MOS,+0.3626MOS,+0.1291MOS,MOS,+0.5456 2)
Where (1) is for the video display size of 4.2 inches, whereas (2) is for the display size of 2.1 inches
MOS,,=0.177MOS,MOS,+1.15 3)
Hands [27]
MOS,,=0.25M0S,+0.15MOS,MOS,,+0.95 (4)
Winkler and  MOS,,=1.98+0.103MOS,MOS,, (5)
Faller [28]  MOS,,=0.456MOS,+0.770MOS,-1.51 (6)

Belmudez and

Méller [29]

MOS 4,=0.584MOS4+0.357MOS,+0.0013MOS,MOS,+0.127
MOS 4,=0.030MOS,+0.079MOS+0.123MOS,MOS, +1.374

Table 2 The scenarios under tests for the model evaluation

Quality
Scenario
Audio Video Average
S1 1 1 1
S2 2 2 2
S3 3 3 3
S4 4 4 4
S5 5 5 5
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Table 3 The simple scenarios under tests for the model verification

MOS Acceptable Calculated MOS-Audiovisual
Scenario
Error
Audio Video Average 1) 2 3) (4 (5) (6) ) (8)
S1 1 1 1.00 +0.50 0.70 0.87 1.32 1.35 2.08* -0.28* 1.07 1.61*
S2 2 2 2.00 +0.50 1.15* 1.46* 1.83 2.05 2.39 0.94* 2.01 2.08
S3 3 3 3.00 +0.50 1.91* 2.30* 2.68 3.05 291 217 2.96 2.81
S4 4 4 4.00 +0.50 2.96* 3.41* 3.87 4.35 3.63 3.39* 3.91 3.78
S5 5 5 5.00 +0.50 4.31* 4.77 5.40 5.95* 4.56 4.62 4.86 4.99

Remark: * = unacceptable calculated MOS

/ Internet/Intranet \

<
Room A
Noise <50 dB

B 2
L To)

Fig. 1 Overview of the audiovisual subjective tests

Table 4 Background information of participants

Information Social Media Platform
of Participants WhatsApp Messenger LINE
Male Subjects 14 17 15
Female Subjects 16 13 15
Average Age
21.33+0.82 21.10+0.99  21.00+1.11

(Years)

Each pair of subjects tested with only one
application randomly in order to avoid biases. In
addition, the balance between male and female
subjects was tried by monitoring and control. The

subjective tests were conducted between the

second week of January up to the second week
of February 2018. After finishing the tests, the
data was gathered and then analyzed. The
results are presented in Section IV. Further, an
additional task to investigate data consumption
was also conducted. For this task, a third phone
was used to take a 160-second video clip of the
caller's phone after the call connection between
the callers mobile phone and the receiving

mobile phone was established. Each application

was tested 10 times. The average data
consumption is also presented in the next
section.

4. Results and Analysis

After gathering the total results of the
subjective tests with the 90 non-expert subjects,
(as described in Section IIl), MOS for Audio or
MOS-Audio, and MOS for Video or MOS-Video,
from the three social media applications, then the

audiovisual quality values were calculated by
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using three approaches. They consisted of
average calculation, the Hands’ model (H1) as
shown in (3) and Belmudez and Médller's model
(BM1) as in (7). The results can be presented as
in Figure 2.

One can see that the subjective results from
all three applications show that MOS-Audio is
higher than MOS-Video. Overall, Messenger is
the best for audio quality and video quality when
compared to WhatsApp and LINE. When focusing
on audio quality, the result shows that Messenger
with MOS-Audio of 4.27 is higher than LINE and
WhatsApp with MOS-Audio of 4.17 and 3.90
respectively. For video quality, Messenger with

MOS-Audio of 3.93 is slightly higher
WhatsApp and LINE with MOS-Audio of 3.80 and

than

3.63 respectively. For the average MOS from
MOS-Audio and MOS-Video, it can be seen that
MOS-Average provided by Messenger with MOS-
Average of 4.10 is slightly greater than LINE and
WhatsApp with MOS-Average of 3.90 and 3.85
respectively.

For the MOS-Audiovisual values, or MOS-AV
for short, it was found that the MOS score from
Hands’ model that has been calculated using (3),
called MOS-AV(H1), provided by Messenger with
the score of 4.02 is greater than WhatsApp and
LINE with the scores of 3.75 and 3.63

respectively. The MOS score from Belmudez and

Méller's model that has been calculated using (7),

M3a1s3vImanaluladianannssu (The Journal of Industrial Technology)
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called MOS-AV(BM1), provided by Messenger
with a score of 4.04 is higher than LINE and
WhatsApp with the score of 3.85 and 3.78
respectively. Nonetheless, in order to investigate
if there is a significantly different quality provided
by those three applications, the hypotheses H1 —
H8 must be tested using statistical technique [15].
H1,: The audio quality perception of the
participants from WhatsApp, Messenger,
and LINE is the same
H1,: The audio quality perception of the
participants from WhatsApp, Messenger,
and Line is not the same
H2,: The video quality perception of the
participants from WhatsApp, Messenger,
and LINE is the same
H2,: The video quality perception of the
participants from WhatsApp, Messenger,
and LINE is not the same
H3,: The average quality (between audio and
video quality) from WhatsApp, Messenger,
and LINE is the same
H3,: The average quality (between audio and
video quality) from WhatsApp, Messenger,
and LINE is not the same
H4,: The audiovisual quality using Hands’
model from WhatsApp, Messenger and

LINE is the same
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H4,:

H5,:

H5,:

H6,:

H6,:

H7,:

H7,:

H8,:

The audiovisual quality using Hands’
model from WhatsApp, Messenger and
LINE is not the same

The audiovisual quality using Belmudez
and Moller's model from WhatsApp,
Messenger, and LINE is the same

The audiovisual quality using Belmudez
and Mollers model from WhatsApp,

Messenger, and LINE is not the same

The audiovisual quality perceived from

WhatsApp calculated by different
equations is the same
The audiovisual quality

WhatsApp

perceived from

calculated by different

equations is not the same
The audiovisual quality perceived from

Messenger  calculated different

by
equations is the same
The audiovisual quality perceived from

Messenger  calculated different

by
equations is not the same

The audiovisual quality perceived from
LINE calculated by different equations is

the same

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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H8,: The audiovisual quality perceived from
LINE calculated by different equations is

not the same

Then, the test results of the hypotheses H1-
H8 are presented as in Table 5. After the
hypothesis testing with the confidence interval of
95 %, one can see that there is no significant
difference in every tested case. In addition,
according to the task about playing video clip (3
minutes per session, including 10 seconds before
playing and 10 seconds after playing) in front of
the caller's mobile phone that is monitored by
using the GlassWire application [32], the results
can be seen as in Figure 3 that is based on the
same quality of 480p playing on the third mobile
phone, Messenger consumes the highest data
(about 5.78 MB per round), whereas LINE and
WhatsApp consume only 3.21 MB per round and
2.79 MB per round approximately. It means
Messenger consumes about 2 times of the data

required by LINE and WhatsApp.
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Fig. 2 Results from the social media applications under tests

Messenger

WhatsApp

Social Media Application

5.00 6.00 7.00

Data Consumption (MB)

Fig. 3 The monitoring results from 160-second video clip playing (the data consumption tested)
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Table 5 Statistical analysis results
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Hypotheses p-value Remark

H1o: MOS-Audioyp,isapp = MOS-AudiOyessenger = MOS-Audio e

0.152 Insignificant
H1,: MOS-Audioyasapp 7 MOS-Audioyessenger 7 MOS-Audio e
H2,: MOS-Videoy,isapp = MOS-Vide0yessenger = MOS-Video e

0.310 Insignificant
H2,: MOS-Videoysppp # MOS-Videoyessenger 7 MOS-Video e
H3y: MOS-Average yhaspapp = MOS-Averageyessenger = MOS-Average, e

0.296 Insignificant
H3,: MOS-Averageyasppp = MOS-Averageyessenger 7 MOS-Average e
H40: MOS'AV(H1 )WhatsApp = MOS'AV(H1 )Messenger = MOS'AV(H1 )LINE

0.367 Insignificant
H4,: MOS-AV(H1)yhatsapp & MOS-AV(H1 )yessenger 7 MOS-AV(HT) e
H5,: MOS-AV(BM1)yyhatsppp = MOS-AV(BM1)yessenger = MOS-AV(BM1), e o

0.259 Insignificant
H5,: MOS-AV(BM1)yynaisapp = MOS-AV(BM1)yessenger 7 MOS-AV(BM1) e
H6,: MOS-Averageynasapp = MOS-AV(H1 )whatsapp= MOS-AV(BM1)yyatsapp

0.886 Insignificant
HB,: MOS-Averageaisapp = MOS-AV(H1)yhatsapp = MOS-AV(BM1)yhatsapp
H70: MOS'AverageMessenger = MOS'AV(H1 )Messenger= MOS'AV(BM1 )Messenger

0.874 Insignificant
H71: MOS'AverageMessenger * MOS'AV(H1 )Messenger * MOS'AV(B,\/H )Messenger
H8,: MOS-Average, g = MOS-AV(H1), ne= MOS-AV(BM1) ne

0.728 Insignificant
H8,: MOS-Average, \e 7 MOS-AV(H1), \ye = MOS-AV(BM1), e

Note: it is insignificant if p-value > 0.05 for 95% confidence interval

5. Discussion

Several issues can be discussed as follows:

1) It was found that some of the assessment
models provide low reliability in some cases, for
example, the model as in (1), (2), (5) and (6). (1),
(2) and (6) seem inappropriate to be used for
audiovisual quality calculation in S2, S3, and S4
(see the ™ in Table 3). One obvious issue might
be about different sizes of the mobile phone

display because (1) and (2) have been developed

based on the display sizes of 4.2 inches and 2.1
inches respectively, while, (5) and (6) shows
errors when they have been used to compute the
audio quality in S1. However, for the assumption
in this study, the reliability of the model is low if
the result of MOS is higher or lower than the
average score of more than 0.5. It means, this
assumption should be investigated further in the

future.
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2) For the audio, video and audiovisual
qualities, although Messenger provides slightly
better quality than WhatsApp and LINE, there is
no significant difference among three social
media applications (see the p-values from H1-H5
tests that are higher than 0.05).

3) For model performance, it has been
investigated by utilizing the results from the
following models: Hands' model, Belmudez and
Moller's model, and the average calculation. The
selected technique is ANOVA. From the results, it
has been found that there is no significant
difference among the three models or equations
for audiovisual quality calculation because the p-
values from H6-H8 tests are higher than 0.05.
Thus, audiovisual quality from video calls can be
roughly estimated by using the average
calculation from the audio quality and video
quality.

4) This study was conducted based on
AVSCT only which is a common scenario for
video calls. It means the average calculation,
Hands’ model and Belmudez and Méller's model
as applied in this study may provide different
results if they are used for other scenarios (e.g.,
IPTV)

5) This study was conducted with native Thai
subjects who have different cultures and
languages than westerners. Thus it may be

inferred as per human influential factors [33], that

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
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the results might be different because different
subjects may have variable behavior in a
conversation due to culture and personality. For
example, this could create greater variability in
subjects’ responses in the evaluation of speech
quality [31].

6) All three social media applications may use
the different proprietary codecs for voice and
video transmission over IP networks. This could
be the

reason why they provide different

audiovisual quality. However, it is difficult to
investigate the codecs used by these applications
because they are normally encrypted., Skype, on
the other hand, has revealed that it uses SILK
codec [30].

8) Focusing on the relation of quality and the
quantity of data used for each session of video
calls, it has been found from this study that
Messenger consumes about 2 times of data than
LINE and WhatsApp. This probably is the reason
why it provides the best audio quality, video
quality, and audiovisual quality when compared to

WhatsApp and LINE.

6. Conclusion and Future Work

From this study, it was found that Messenger
provides better audiovisual quality than LINE and
WhatsApp, where MOS-AV values from the
average calculation are 4.10, 3.90 and 3.85 for

Messenger, LINE and WhatsApp respectively.
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From the calculation using the Hands’ additive
linear model, it was found that Messenger
provides better audiovisual quality than LINE and
WhatsApp, where MOS-AV values from the
average calculation are 4.02, 3.75 and 3.63 for
Messenger, WhatsApp and LINE respectively.
Lastly, from the calculation using the Belmudez &
Moller’s full model, it was found that Messenger
provides better audiovisual quality than LINE and
WhatsApp, where MOS-AV values from the
average calculation are 4.04, 3.85 and 3.78 for
Messenger, LINE and WhatsApp respectively.
However, the better quality with insignificant
difference provided by Messenger compared with
the other applications is a trade-off given it has 2
times the data consumption for making video
calls with the same condition under tests.
Therefore, users may use the conclusion from
this study to apply selection criteria for the right
application. Moreover, this study has shown that
the Hands’ additive linear model and the
Belmudez & Moller’'s full model are appropriate
for audiovisual quality evaluation based on a
short conversation. Thus, these two models can
be used to assess the audiovisual quality
provided by other social media applications.

This study presented the utilization of the
existing models only. A new QoE model with high
reliability and accuracy for audiovisual quality

measurement by focusing on audiovisual short

ISSN (Print): 1686-9869, ISSN (online): 2697-5548
DOI: 10.14416/j.ind.tech.2020.03.003

conversation test (AVSCT), might be developed
as future work. The intensive subjective study
with  the from audiovisual

overall quality

communication  provided social media

by
applications should be conducted and compared
to the existing models. Besides, the study with
different sizes of display and other conversation
scenarios might be conducted in the future as

well.
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