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Abstract—Video conferencing has become indispensable in
both professional and social contexts. From a networking point
of view, timely distribution of media to all clients participating
in a video conference is required. However, fluctuating network
conditions pose a challenge, so that a high Quality of Experience
(QoE) might not always be achieved. When assessing how net-
work conditions impact the QoE of video conferencing, previous
QoE studies focused on one-to-one settings and suffered from
small numbers of participants due to their costly laboratory
setups. In this work, we investigate crowdsourcing-based QoE
studies for video conferencing in order to obtain a higher number
and more globally distributed and diverse participants. For this,
we consider multi-party video conferencing and design a web-
based study framework which provides a high realism to online
study participants by involving themselves in the presented video
call. Finally, we conduct a QoE study with our framework to
demonstrate the suitability of crowdsourcing for assessing the
QoE impact of network-level and application-level degradations
of video conferencing applications.

Index Terms—video conferencing, quality of experience,
online user study, crowdsourcing, network-level impairment,
application-level degradation

I. INTRODUCTION

Video conferencing has become an integral part of many
people’s lives. Especially since the COVID-19 pandemic, it
has proven to be an effective way to maintain connections in
social settings and has become a regular feature in educational
and work environments in a time where the concept of
working from home is becoming ever more popular. The main
feature of video conferencing tools, such as Zoom, Google
Meet, Microsoft Teams, or Skype, is to enable audiovisual
communication over the Internet. After the pandemic, Zoom
is used by 300 million daily meeting participants [1], whereas
the number of daily active Microsoft Teams users has more
than doubled since 2021, reaching 320 million in 2024 [2].

As the user demand for video conferencing applications
(VCAs) increases, both video conferencing service providers
and network providers are keen on maintaining a satisfactory
Quality of Experience (QoE) [3] for the users to avoid cus-
tomer churn. However, delivering audio and video in time,
while meeting increasing user demands on media quality, is
challenging. For each user, content must be transmitted to
every other member of a video conferencing session, burden-
ing the network which, especially in mobile access networks,

often suffers from fluctuating network conditions [4]. There
is already a corpus on video conferencing QoE assessment,
e.g., investigating the impact of network parameters [5]. How-
ever, these studies have mainly investigated one-to-one setups,
while existing tools also support group communication setups
of multiple persons. This adds a new dimension, as group
communication is different from traditional one-to-one com-
munication [6] and delivering information to all participants
burdens the network even more. A hindering effect of video
conferencing QoE research is the time and cost of laboratory
studies. Therefore, we investigate crowdsourcing as an option
to obtain more general and representative results by increasing
the number and diversity of participants via online studies.

A substantial challenge in this context is that video con-
ferencing is interactive. In contrast, crowdsourcing study de-
sign requires a highly controlled and constrained environment
which benefits from prerecorded videos. As such, one of our
key considerations to ensure the validity of our results is
realism. This means that participants should feel involved in
the conversation, as if they were actually a part of it and
are motivated to engage in the context of the conversation,
even though it is a passive QoE assessment test. Therefore,
we present a framework for generating authentic video con-
ferencing stimuli by prerecording multi-party conversations,
streaming them through a real video conferencing system un-
der controlled network conditions, and recording the received
feed. To enhance realism, we integrate the participant’s live
webcam feed into the recorded conference using a modified
web-based framework for behavioral experiments. To this end,
we answer the following research questions in this work:

RQ1: Are online crowdsourcing tasks suited for video
conferencing QoE assessment?

RQ2: How do different network-level and application-level
impairments influence the video conferencing QoE?

For this, the remainder of this work is structured as follows.
Section II covers QoE background, methodology on QoE
studies, and related work on video conferencing QoE assess-
ment. Section III describes our framework and study design.
Results with respect to our research questions are presented
in Section IV. We conclude in Section V and give an outlook
on future work.


https://doi.org/10.1109/QoMEX65720.2025.11219983

II. BACKGROUND AND RELATED WORK

In the following, we provide necessary technical back-
ground on crowdsourcing study design and video conferencing
architectures. Furthermore, we discuss network-related video
conferencing QoE factors and mitigation strategies before pre-
senting existing works on video conferencing QoE assessment.

A. Crowdsourcing Study Design

For web-based multimedia services and applications, the
subjective experience of the end user is highly important for
network and service providers. As such, they are interested in
quantifying the QoE of users. Guidelines for collecting QoE
ratings via subjective user studies are available, e.g., in [7]—
[10]. While lab studies are time and resource extensive tasks,
crowdsourcing and remote studies provide the opportunity to
investigate larger and more diverse participant groups on an
international scale [11]-[13]. An essential challenge associated
with these studies is the lack of supervision of online and
remote participants, necessitating attention during the design
phase and result evaluation [14,15]. Consequently, unreliable
participants need to be identified and their data needs to
be excluded from the results. Usually, crowdsourcing task
design is limited to the rating of passive media consumption
experiences or interaction with an application. Assessing video
conferencing via crowdsourcing adds additional complexity
since video conferences include interaction between multiple
people, but is still deemed possible by the authors of [14].

1) Video Conferencing Architecture: This complexity car-
ries over to the video conferencing infrastructure and appli-
cation load, since more than one client and one application
server are involved. While some applications adopt a peer-
to-peer (P2P) setup to directly transmit media information
among users, this approach has limitations. It can restrict
the number of participants without additional infrastructure,
as clients are responsible for delivering content to all others.
For instance, Skype transitioned from a P2P architecture to
a centralized server-client structure [16] to minimize client
responsibilities and shift distribution load to cloud servers.
Zoom, employs P2P connections for meetings with two par-
ticipants and a client-server structure for larger meetings [17].
Resourceful multimedia servers are responsible for hosting
the meetings and handling the distribution of voice and video
content between all participants. Today, the open-source pro-
tocol WebRTC is widely used for video conferencing data
transmission. However, proprietary software such as Zoom
often relies on their own protocols [17]. An overview of real-
time communication applications, including Microsoft Teams,
Webex, GoTo Meeting, Zoom, Jitsi Meet, as well as their
architectures and protocols is provided by [18].

2) Influence of the Network on Video Conferencing QoE:
In comparison to, for example, video streaming, video con-
ferencing platforms face distinct challenges. Each conference
participant receives information from multiple sources, neces-
sitating timely processing and replication of information to all
clients. Due to the demand for interaction, low delay is crucial,
leading to small media buffers that struggle with changing

network conditions [19]. Various strategies address different
network degradations and their impact on QoE. For example,
forward error correction (FEC) offers resilience against packet
loss at the cost of additional bandwidth consumption [20].
However, sustained low bandwidth forces quality adjust-
ments, as media encoding rates must stay below available
network bandwidth. Adaptive methods lower video bit rate
or frame rate [20], or adjust playback speed [19] to handle
poor short-term network conditions. More drastic approaches
prioritize audio over video due to its lower bandwidth require-
ments [21]. All of these methods try to ensure an uninterrupted
communication feed for the user and are thus less detrimental
to the QoE than running into a completely empty media buffer
where both audio and video connection to the conference are
lost. During such a stalling event, the user loses all information
of the video conference and is reconnected to the live state of
the video conference once the network conditions stabilize.

B. Studies on Video Conferencing QoE

There has been prior research on factors influencing video
conferencing QoE and strategies for mitigation. A compre-
hensive survey about telemeetings and video conferencing has
been conducted by [22], evaluating quality influence factors
and QoE-relevant sensory and cognitive processes that go
beyond perception and, e.g., include context influence factors,
internal references, attention, and expectation. Moreover, the
trade-off between CO, emission and video conferencing QoE
has been explored in [23], emphasizing the need for greener
networks while providing awareness and eco-friendly options
for users. [24] developed a set of interactivity QoE metrics
for video conferencing and a model which aims to map
packet traces to those metrics. Furthermore, packet loss, jitter,
and delay is investigated in a laboratory with 20 participants
in [5], showing that high packet loss rates have a detrimental
impact on QoE, especially when paired with delay or jitter.
However, laboratory studies often suffer from a low number
of participants and are conducted in a one-to-one conference
setup. For example, [25] had 41 participants and achieved
contrasting results while aiming to reproduce results from [26].
While the studies are years apart and [25] had a focus on the
influence of the COVID pandemic, in general, study results
benefit from more participants. Consequently, other works
estimate video conferencing QoE via machine learning and
facial expressions to allow for more scalable analyses [27].
Another option to increase the number of participants with
manageable effort and expense is online crowdsourcing, as we
explore in this work. A video data set for video conferencing
quality assessment is presented in [28]. It includes videos
for one-to-one conversation and follows a similar research
direction as this work. However, we focus on setups with more
than two persons which have different characteristics, e.g., [29]
found the impact of delay is less strong in multi-party setups.
Multi-party video conferencing via online crowdsourcing is
investigated by [30], but show fully prerecorded conferences
to the participants, so ratings are generated from an outside
perspective. Since videoconferencing is an active experience,
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Fig. 1: Overview of video generation setup.

we need to assess the QoE of the involved participants rather
than outside observers. Consequently, to the best of our
knowledge, we are the first to do this with a realistic setup in
which participants feel involved in the call. In the following,
we present our study framework and investigate the influence
of different application degradation scenarios in a multi-party
setup via an online crowdsourcing study.

III. STUDY FRAMEWORK AND STUDY DESCRIPTION

To answer our research questions, we need a standardized
experimental environment where every participant experiences
the same video conferencing situation under fully controlled
conditions. Thus, in the following, we describe our approach
for generating realistic video conferencing QoE studies and
provide details on the crowdsourcing study setup.

A. Framework for Realistic Video Conferencing QoE Studies

To ensure the same conditions for each participant, we
prerecord four conversational scripts, each with three actors.
To mitigate the lack of a real interaction with the participant,
the scripts are designed to address the entire group during the
conversation, including open questions and statements address-
ing everyone in the room, ensuring that the study participant,
as the fourth person, would feel as part of the conversation
without actively taking the word. The scripts cover examplary
social settings: a vacation trip, a work meeting, solving a
technical issue, and planning a birthday party. We record video
and audio of the actors via webcams and microphones during
the conversations which last from 44 s to 67s.

To generate authentic video conferencing experiences im-
pacted by real network conditions, we use our recorded media
as input to Zoom video conferencing sessions. We manipu-
late network parameters during the session while recording
the resulting video conference. Note that, although we use
Zoom in this work, our approach is agnostic to the VCA.
More specifically, we employ four distinct PCs as shown in
Figure 1. PCs 2—4 use the prerecorded conversations as input
to the video and audio feed of their Zoom client, thereby
impersonating one of the three actors each. PC 1 represents
the future QoE study participant and feeds placeholder content
to the conference. The main objective of PC 1 is to record the
received Zoom conference. We crop the recording, which has
a grid layout (see Figure 1), to obtain the received audio and
video from PCs 2—-4 from the perspective of PC 1.

We now manipulate the bandwidth of PC 1 via the traffic
shaping tool tc [31] to trigger Zoom’s native mitigation be-

havior. This allows to record the resulting audiovisual quality
of the received Zoom video conference for different network
conditions, which we subsequently use in our QoE study.
Additionally, or as an alternative to emulating network condi-
tions, we can generate application-level impairments, such as,
for example, stalling or resolution changes, directly into the
recorded videos using video editing software.

To assess the resulting QoE of network- and application-
level impairments in our resulting video conferencing ses-
sions, we conduct a crowdsourcing QoE study. Therefore,
we replicate the video conferencing layout in Figure 1 on a
web page and show it to our study participants. We playback
the recorded stimuli at the positions 2—4. The placeholder at
position 1 in the top left is replaced with the live webcam feed
of the study participant, so the participants can see themselves,
to allow for a realistic video conferencing experience.

B. Study Description

The study was conducted on the Microworkers platform and
accessible via a web browser. Our web application extends
the JSPsych framework [32] for behavioral experiments using
best practices from literature [13]-[15,33] and other features,
such as a check for an enabled webcam and video playback
manipulation. Throughout the study, user interaction with the
website is logged via the framework to allow filtering of
unreliable users which, for example, are too fast during the
study and are assumed to not have read the instructions and
questionnaires carefully. It consists of three major parts, as
shown in Figure 2 and described in the following.

1) Study Preparation and Demographic Questionnaire:
When the study website is first accessed, all media is preloaded
to prevent unplanned impairments during the execution of the
experiment which could distort the results. Then, after an
introduction and explanation of the rules of the experiment,
users are asked to provide basic demographic information, i.e.,
gender, age, continent of origin, profession, and education. To
ensure a reliable test environment, users need to enter the cor-
rect number of symbols from two contrast-evaluation images,
verifying their screen settings. Additionally, participants solve
an audio CAPTCHA to confirm audio is enabled. Furthermore,
it is essential for a realistic experience that study participants
enable their webcam. Consequently, there is a webcam check
with instructions on how to enable the webcam in the browser.
Before the final instructions on the main part of the study are
given, users are informed that no footage of them is recorded.

2) Study Task and QoE Questionnaire: The goal of the
study is to investigate the impact of different network- and
application-level impairments perceived by the end users.
When Zoom adapts to poor network conditions, first the bit
rate and playback rates are reduced, which results in audio
glitches and slight video distortions. If the poor network
conditions persist, ultimately stalling will occur. Note that
in contrast to video streaming, the content during the play-
back interruption in a video conferencing is skipped, and
thus, causing participants to miss a part of the conversation.
For the QoE study, we selected a baseline scenario with a
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Fig. 2: Structure of the crowdsourcing study.

constant bandwidth of 50 Mbit/s, in which no impairment
occurs, and compare it to two impairment types. First, we
created a scenario with glitches, that could be obtained by
a bandwidth drop from 50 Mbit/s to 1 Mbit/s after 20s into
the conference. Here, the bandwidth was reduced for 5 s before
going back to 50 Mbit/s. Second, we trigger a stalling event
where about 4 s of the conversation are lost, which could be
obtained by limiting the bandwidth for 20 s instead. We name
those scenarios BW5 and BW20 accordingly. Note, that these
effects are the real result of the Zoom client in response to
our bandwidth reductions. The selected bandwidth settings are
a result of a prestudy aiming to force different impairments
in order to investigate them in the study. We also investigate
application-layer impairments, namely, scenarios with artifi-
cially introduced stalling events (incl. skipping of content)
of different lengths of 1s, 2s, 45, and 8s, which we name
accordingly S1 to S8. The main part of the study includes
four separate video conferencing sessions in which participants
are asked to rate their experience. The scenarios are shuffled
across sessions. While the baseline scenario occurs exactly
once, other impairments occur at most once for each user.
After each session, participants are asked to rate their overall
experience and their immersion with the video conference on
a 5-point Absolute Category Rating scale [34].

3) Context Questionnaire: Finally, participants answer con-
text questions about the frequency, length, and setting (e.g.,
private or work environment) of their typical video confer-
encing use, as well as their behavior when experiencing poor
QoE. At the end, they receive a Microworkers reimbursement
code and a small monetary reward for their participation.

4) Filtering of Unreliable Participants: To determine par-
ticipants who did not properly complete the task, the frame-
work’s logs and reliability checks were assessed to exclude
their results from the evaluation. If the average response time
of a participant to questions was below 2s we disregard their
results since they did not read carefully. If more than four trials
were necessary to pass the contrast checks, we exclude those
participants from the results. We also included a study-related
reliability check. After rating each session, a question about
the conversation topic was asked to ensure the participant
paid attention to the task. If two or more content answers
were incorrect, the participant is removed from the result. If
only one answer was incorrect, only this run is excluded from

TABLE I: Distribution of participants per setting.

Baseline BW Stalling >
5s 20s Is 2s 4s 8s
#Participants 338 157 157 175 175 161 172 1,335

analysis. Finally, if a participant gave the same QOoE rating
across the whole study, their results are also excluded.

IV. RESULTS

In the following we analyze the collected answers to answer
our research questions. First, the data set is described. After-
wards, we investigate the immersion ratings to answer RQ1.
Then, to answer RQ2, we assess the video conferencing QoE.

A. Data Set Description

For our study, which took less than 10 minutes to complete,
we enlisted a total of 483 participants. After filtering out unre-
liable participants, 374 participants remain. Of those, 78.88 %
identify as male, the rest as female, none as other. The majority
of our participants is young, 55.08 % are between 20 and 29
years old. 59.36 % live in Asia, and 18.18 % in Africa, which
is in line with the global population distribution [35]. Europe
is slightly overrepresented with 13.10 % compared to 9.29 %
of the global population. North America and Oceania amount
to 4.01 % of our data. Surprisingly, more than 80 % of the
participants report that they have at least a Bachelor’s degree.
Around three quarters (74.87 %) use video conferencing at
least several times a month, and 37.17 % report spending on
average more than 5h per week in video conferences.

Asked for which purpose they mainly use VCAs (multiple
options could be ticked), 64.44 % of the participants answered
that they use it for work meetings. In addition, 44.92 % and
44.36 % use VCAs for virtual classrooms and meeting friends,
respectively. Finally, 4.81 % use it for other purposes. When
facing extremely poor QoE during a video conference, 57.22 %
reported to try and restart the VCA, while 29.41 % also
consider turning off the video camera, showing that they have
a general understanding about VCA bandwidth requirements.
Table I shows the number of participants for each scenario.
As described in Section III, each participant experienced at
least once a scenario without impairments, thus, this setting
has significantly more data points.
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B. Realism Analysis

Before we investigate the video conferencing QoE, we first
have to validate that crowdsourcing is a sensible approach
to assess video conferencing QoE. Therefore, we assess the
baseline scenario where the participants were asked whether
they found the video conference immersive. A MOS of 3.43
and a Good-or-Better (GoB) ratio of 52.37 % is achieved.
Thus, more than half of the participants were pleased with
the realism of the setup. When considering all scenarios, the
results are only slightly lower, with a MOS of 3.38 and a GoB
of 49.89 %. So while it appears that impairments may have a
slightly negative impact on the immersion rating, none of these
findings prove significant for any impairment. Consequently,
we can answer our first research question positively, as with
our study design which stresses on realism and conversational
engagement, results show that online crowdsourcing tasks are
suited for video conferencing QoE assessment.

C. Influence of Impairments on Video Conferencing QoE

To investigate the influence of the different impairments on
video conferencing QoE, Figure 3 is presented. The figure
shows the MOS values and the corresponding 95 % confidence
intervals for each scenario listed on the x-axis. The highest
MOS value of 4.37 is achieved for the baseline scenario
which is to be expected. Overall, participants were happy with
their video conferencing experience. For the low bandwidth
scenarios BWS5 in orange and BW20 in red, we see a signif-
icant degradation of the QoE, since the confidence intervals
neither overlap with the base scenario nor with each other.
Whereas the 5s impairment results in a MOS of 4.14, the
20s impairment achieves the lowest result of all scenarios
at a MOS of 3.81. For the stalling scenarios S1, shown in
cyan, and S2 in pink, we obtain MOS values of 4.22 and 4.28,
respectively. While they are slightly lower than the baseline, no
significant differences in the MOS are observed. This and other
results were confirmed with dedicated t-tests for all possible
paired comparisons. We further apply Bonferroni correction to
account for the multiple-comparisons problem and p < 0.05.
We believe that contextual information of the video conference
is important to understand the result, as we observe slight
differences between the different video conferencing contents
for the same impairment scenario. Human communication
includes pauses, e.g., during speaker changes or mid-speech.
So, while during one conversation, a short impairment might
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Fig. 4: Distribution of the video conferencing QoE ratings.

be hard to notice at all, in another conversation even a short
impairment can make it difficult to understand the speaker and
follow the conversation. A 4s or 8s stalling is guaranteed to
be noticed by participants for all presented contents. Thus,
the MOS for S4 (purple) at 3.94 and for S8 (blue) at 3.84
are both significantly lower than the baseline. However, there
is no significant difference between S4 and S8. Interestingly,
although the impairment duration of BW20 against S8 more
than doubles (20s compared to 8s), they show comparable
results. The reason is that during scenario S8, the conference
connection suddenly stops and all information on the conver-
sation is missing for a long time (8s), whereas in the BW20
scenario the quality constantly degrades while participants can
still follow the speaker for a while before only some part
(around 4s) of the conversation is lost. So the contribution
of Zoom’s low bandwidth mitigating strategy is two-fold.
First, playback is stretched to allow for more conversational
information to be transmitted to the receiver before a complete
cut happens. Second, the interruption is not as abrupt, possibly
decreasing the negative impact on the video conferencing QoE.
The hypothesis is further supported by Figure 4 which shows
the distribution of the QoE ratings for each scenario. As
defined by the ACR rating scale [34] category 1 corresponds
to bad experience, contrasted by category 5 which represents
excellent experience. The only scenarios with ratings of cate-
gory 1, shown in red, are S4 and S8. For the baseline scenario,
most ratings are light or dark green, representing a good or
excellent experience and a GoB of 90.83 %. For BWS5, this
drops to a GoB of 85.99 %. In the figure, we see less excellent
ratings and more good ratings compared to the baseline which
is further shifted towards fair ratings for BW20 which achieves
a GoB of 64.97 %. While ratings for S1 and S2 are similar,
the difference between S4 and S8 mainly stems from the
difference in fair and poor ratings of which S8 has more.

To summarize, Zoom’s mitigation strategy for low band-
width can noticeably decrease the negative impact on QoE in
poor network situations. Even our worst impairments yield
a MOS sufficient for video conferencing. However, as our
impairments are single, relatively short events compared to the
session length, repeated or prolonged impairments are likely
to further shift results towards an unacceptable experience.

D. Stalling in Video Conferencing and in Video Streaming

Finally, the question remains how our results on stalling in
video conferencing align with existing crowdsourcing stalling
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models. For this, we first fit models based on the presented
video conferencing QoE ratings before comparing our results
to existing crowdsourcing models.

Usually in QoE research about delays or interruptions,
the relationships are modeled as logarithmic, according to
the WQL hypothesis [37] based on the fundamental Weber-
Fechner law from psychophysics, or as exponential, according
to the IQX hypothesis [38]. Rarer are linear relationships [39].
We fit all function types on our data and plot them in Figure 5
in pink, purple and grey respectively. Our study results for
the 1s to 8s scenarios S1 to S8, and additionally, for the
baseline scenario with a stalling length of Os, are depicted
by the error bars in blue. We obtain for the logarithmic fit
fiog(t) = a-log(t+0b)+c the parameters a = —1.28, b = 4.67,
and ¢ = 5.23, and an R? of 0.903. For the exponential fit
feap(t) = a - et + ¢, we obtain a = 0.81, b = —0.14, and
¢ = 3.56, and an R? of 0.907. The linear fit f;,,(t) = a-t+b
with @ = —0.07, and b = 4.35 and an R? of 0.874 falls
behind. While all fit our data well, f..,(¢) fits best.

In Figure 5, we additionally compare our findings to the
results of [36] because in comparison to others [40,41], their
setup is closest to ours, i.e., crowdsourcing with 60s session
length with a single stalling event and multiple stalling lengths.
However, in contrast to us, they investigated streaming, in par-
ticular stalling and initial delay. The video streaming stalling
model from [36] is depicted in green, and their model for
initial delay is shown in orange. While all models start at a
similar MOS for no delay, the video streaming stalling model
differs largely from our findings. Surprisingly, the figure shows
a good fit of the initial delay model to our data. For a stalling
length of 1, we obtain a MOS of 4.22 from the initial delay
model, which is within the confidence intervals of scenario S1.
For the other stalling lengths the model does not lie within the
confidence intervals. Nonetheless, it is clear that the QoE is
less affected by stalling events in video conferencing than in
video streaming. A reason could be that for video streaming,
users want to enjoy the audiovisual content, while in video
conferencing nonfunctional and contextual factors regarding
the ability to follow the conversation are more important.

In summary, we see that stalling in video conferencing does
not have the exact same effect on the QoE as stalling in

video streaming, requiring dedicated QoE studies for video
conferencing in the future. For this, our presented study
framework can be used.

V. CONCLUSION

Since video conferencing has established itself in our daily
lives, high Quality of Experience is a concern for network
and application providers. While research exists, including
research on the impact of different network conditions, there is
a focus on one-to-one setups. Investigation of video conferenc-
ing QoE in group communication setups via laboratory studies
is an even more time and cost consuming task, given the
required participants. To address this gap and facilitate future
video conferencing QoE research, we explored the potential
of online crowdsourcing studies. For this, we developed a
methodology to investigate the QoE impact of network- and
application-level impairments with a focus on realism. We
designed and implemented a framework for generating authen-
tic video conferencing stimuli by prerecording conversations,
streaming those conversations through a real video confer-
encing system while manipulating network conditions, and
recording the received video conference. We further modified
an existing web-based framework for behavioral experiments
to display not only the recorded authentic video conference
content, but also the live feed of the study participant’s
webcam to cater a realistic video conferencing experience.

Results showed that the participants of the conducted crowd-
sourcing study were involved in the video conference, i.e.,
felt as a real part of the conversation, allowing for valid
insights from a large and diverse participant pool. Thus,
we demonstrated that video conferencing QoE research can
leverage crowdsourcing when following a sophisticated study
design. Further, in our showcase study with network-level and
application-level impairments we found that existing mitiga-
tion techniques of Zoom successfully decrease the negative
impact on QoE during poor networking situations compared to
artificially introduced stalling of similar lengths. Comparative
analysis with video streaming investigations of [36] show
that stalling during video conferences and in video streaming
are not the same, while their model for initial delay in
video streaming fits our data surprisingly well. Therefore,
new dedicated studies to investigate video conferencing QoE
are required, which can be developed using our presented
framework. In future work, we will extend our study to include
other aspects of video conferencing, such as usability, and to
dive into different use-case scenarios such as screen sharing
which allows for a more holistic understanding of the QoE of
video conferencing.
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