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Abstract
Video streaming is becoming increasingly popular, and with

platforms like YouTube, users do not watch the video passively
but seek, pause, and read the comments. The popularity of video
services is possible due to the development of compression and
quality prediction algorithms. However, those algorithms are de-
veloped based on classic experiments, which are non-ecologically
valid. Therefore, classic experiments do not mimic real user inter-
action. Further development of the quality and compression algo-
rithms depends on the results coming from ecologically-valid ex-
periments. Therefore, we aim to propose such experiments. Nev-
ertheless, proposing a new experimental protocol is difficult, espe-
cially when there is no limitation on content selection and control
of the video. The freedom makes data analysis more challenging.
In this paper, we present an ecologically-valid experimental pro-
tocol in which the subject assessed the quality while freely using
YouTube. To achieve this goal, we developed a Chrome exten-
sion that collects objective data and allows network manipula-
tion. Our deep data analysis shows a correlation between MOS
and objectively measured results such as resolution, which proves
that the ecologically-valid test works. Moreover, we have shown
significant differences between subjects, allowing for a more de-
tailed understanding, of how the quality influences the interaction
with the service.

Introduction
YouTube platform ranks second among the most visited web-

sites globally [9]. High demand for streaming video, makes qual-
ity assurance a challenging task. Subjective assessments of video
quality are an important part of the optimization process of mod-
ern video streaming services. This area of study is called ”Qual-
ity of Experience”(QoE). Typically, researchers use standardized
laboratory protocol to study users’ QoE [1]. On the other hand,
researchers use the crowdsourcing method for the assessment of
QoE in different contexts [8, 20, 21]. Those approaches differ in
terms of internal and external validity.

To obtain results that correspond to the real world, it is im-
portant to consider both internal and external validity in the ex-
perimental design. Internal validity refers to the accuracy and ap-
propriateness of the experimental design in measuring the factors
being studied [16]. External validity, on the other hand, refers to
the extent to which the results can be generalized to other popula-
tions and contexts [16]. The aspect of external validity describing
the generalizability of experimental data to real-life contexts is
called ecological validity.

Having the above in mind, we designed an ecologically-valid
experimental protocol to receive quality scores from users inter-
acting with a video service naturally.In order, to obtain ecologi-
cal validity in our experiment, testers had the freedom to use the
YouTube platform almost without limitations. No limitation on
content selection and control of the video playback allows us to
get a closer view of a tester’s behavior, and thus obtain results
showing the actual use of the service. To collect quality scores and
additional data related to user activity, we developed a Chrome ex-
tension for recording YouTube statistics, network manipulation,
and gathering participants’ ratings. Since the proposed method-
ology is a new test design, we decided to record the user screen
and face. The recordings were additional, and important, source
of information.

In this paper, we show the results of a study investigating
the relationship between Mean Opinion Score (MOS) and objec-
tive video quality (resolution). Moreover, we focus on the impact
of stalling on subjective qulity ratings. The results demonstrate
a high correlation between MOS and resolution, which proves
the reliability of ecological validity experiments. Additionally,
the study shows stalling was a less negative factor in determining
QoE than we assumed. Moreover, during the experiment, par-
ticipants presented various behaviors including seeking, pausing,
manual resolution change, and viewing the comment sections or
description of the video.

The rest of the paper is organized as follows. In Section Ex-
periment Design, we describe how the experiment protocol Fur-
ther, this section includes a description of the developed Chrome
extension. In Section Data analysis we describe collected data
and user behaviors We grouped participants based on their behav-
iors and the correlations between MOS and resolution. We also
show the influence of stalling on subjective quality ratings. The
main contribution of this paper is a new experimental protocol
that allows users for natural behavior during the test procedure. A
high correlation between resolution and MOS proves the reliabil-
ity of the conducted experiment. Moreover, the lower influence
of stalling suggests that ecologically valid studies might

Related Work
In classical video QoE standardized experiments, 10 seconds

long, soundless video clips are used as stimuli[1]. Subjective
quality ratings are gathered following the presentation of each
stimulus with the Absolute Category Rating (ACR) scale. The
same content is displayed multiple times on different degradation
levels(e.g.[21]). In our experiment, we use the ACR scale to cal-
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culate Mean Opinion Score (MOS) as recommended in ITU-T
P.800.1[2]. The main difference between the experiments carried
out so far and the new experimental protocol we are proposing is
the ecological validity of the experimental setup. Our experimen-
tal setup is carried out in the laboratory while allowing the use of
the YouTube platform freely. On the other hand, researchers use
crowdsourcing as a way to approach ecological validity.

Conducting experiments in a crowd setting can increase the
realism of the study and make the results more representative of
real-world situations the example of related work is [8] which fo-
cuses on the QoE study, including estimation the MOS according
to ITU-T P.1203 [3]. Researchers discuss the use of crowdsourc-
ing to assess the quality of experience (QoE) and engagement
while watching streaming videos. The study aims to examine the
effectiveness of the crowdsourcing method in evaluating the fac-
tors that affect QoE and engagement, such as video quality, play-
back experience, and user interactions. Additionally, researchers
demonstrate that the minor rise in YouTube scores at MOS can be
attributed to stalling incidents. If there is a stalling event present,
the video will not achieve the maximum MOS score.

In the Data analysis section, we detailedly described the
observation of various behaviors based on screen recordings of
the subjects. Example of related research in the field of user be-
havior testing can be found in the studies: [6, 10, 11, 12, 13].
The study’s conclusion is that the experimental biases may occur
when conducting user behavior and QoE assessments in a labora-
tory setting. The researchers suggested that future studies should
be conducted in real-world settings to minimize these biases and
to provide more accurate results.

Moreover, studies conducted in the laboratory have exten-
sively investigated the phenomenon of stalling, a sample study
is [20]. In the mentioned paper authors present a chart to illus-
trate the correlation between the frequency of stalling on YouTube
and MOS. The chart highlights that even a single occurrence of
stalling causes a drastic drop in the subjective evaluation, plum-
meting to a score of 3.

In order to improve the ecological validity of the results,
combining the traditional quality of experience (QoE) experiment
with an analysis of behaviors and a comprehensive examination of
the network is important. This approach can provide a more com-
prehensive understanding of the complex relationships between
stalling, behavior, and network conditions, and help to generate
results that are more representative of real-world situations. By
integrating these different aspects, we can gain a deeper insight
into the underlying causes of stalling.

Experiment Design
In order, to improve external validity, we designed an experi-

ment based on ecological validity. In this section, we describe the
laboratory environment based on ITU-R recommendation and the
description of the developed software.

Laboratory Environment
The laboratory environment was prepared according to ITU-

R BT.500-14[1]. We specified peak luminance (200cd/m2), screen
illuminance (200 lux), and viewing distance from the screen
(1.6H).

The experiment scenario allows the participant to freely use
YouTube, while software limits the network. In addition, we

recorded screen, mouse movements, and “Statistics for Nerds”
similarly as [22]. The duration of the experiment is approximately
90 minutes, during which participants watch videos according to
their preferences without any restrictions. A transparent window
with the question about interest and quality on a 5-point scale
appears every 2.5 minutes. The interest rating levels relate to
the question “To what extent are you interested in the content?”,
where 1 is “boring” and 5 is “interesting”. The Absolute Category
Rating (ACR) scores describe quality as: 1 – “bad”, 2 – “poor”, 3
– “fair”, 4 – “good”, and 5 – “excellent”. At the end of the exper-
iment, participants are asked to complete a questionnaire, which
we will discuss in more detail in the section Data analysis.

Software
The developed extension consists of two parts: Chrome ex-

tension and REST API which runs locally. For each experiment
scenario, the extension introduces random bandwidth at constant
intervals. Bandwidth manipulation is to simulate conditions as
close as possible to the home conditions of people participat-
ing in the experiment. The Chrome extension displays a semi-
transparent panel with questions about interest, followed by a
quality rating. Moreover, the plugin collects data from “Statistics
for Nerds” by YouTube, limited bandwidth, as well as responses
of interest and quality. The second part of the extension which
is a REST API saves all data in a relational database from where
are generated to the final results. Communication between the
Chrome extension and REST API is based on HTTP requests.

Data analysis
We tested 15 participants, 8 female, and 7 male. The min-

imum age for the tester was 20 years and the maximum was 46
years. Each participant confirmed that they had used the plat-
form recently, where 27% are intensive users - watching YouTube
many times a day, 40% are frequent users - using YouTube several
times a day, the rest are regular and occasional users - and used
YouTube daily or occasionally.

During the experiment, we collected data using our Chrome
extension and screen recordings. Using the Chrome extension,
we obtained data directly related to the video playback includ-
ing viewport, resolution, video timestamp, video ID, and band-
width. Based on the analysis of the screen recordings, we gain
a deeper insight into the tester’s behavior. We measured the fol-
lowing behaviors: seeking forward/backward, pause, manual res-
olution change, changing the size of the player, and viewing the
comment section.

First, we are describing the behavior from a high-level per-
spective, and then we look at the data in more detail to illustrate
groups of data based on their behaviors.

Behavior
Initially, we analyzed the behavior of the participants using

YouTube Statistics for Nerds, which was captured by our Chrome
extension in 0.5-s intervals. The first analysis showed intense par-
ticipants’ interaction with the YouTube service. Thus, we used
screen recordings to investigate the efficacy of Statistics for Nerds
for capturing behavior. Observational analysis showed important
differences between the data captured by our extension and the
screen recordings. These differences were generated by behav-
iors that occurred more frequently than 0.5 s. Therefore, we use
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observational studies to detect a large number of the behaviors
described below.

Figure 1. Behaviors in detail.

Seeking By seeking, we understand the ability to scroll through
the video forward and backward. As seen in Figure 1, each of the
testers exhibited the behavior described. Testers more often seek
the video forward to review the entire material.

Pause Pausing in most cases resulted from two reasons: the
first is the preference to view comments or read the description,
and the second is the inclination to search for the video using the
search button or from the list of proposed.

Viewport Changing By this type of behavior, we mean a
change in the YouTube video player. Three sizes depended on
the native resolution of the device used. In our laboratory envi-
ronment, the viewport is defined as: small (1280×720), medium
(1467×825), and full-screen (1920×1080). The dominant value
of the viewport in the player was small.

Manual Change of Resolution YouTube provides the ability
to manually change the resolution for users. Based on the record-
ings, we observed that most of the results were dictated by the
desire to improve video resolution due to the deterioration of net-
work bandwidth.

Viewing Comments and Description Through this behavior,
we understand the actual browsing of the comments section, as
well as reading the description provided by the creator under the
video. We observed that reading comments and descriptions of
the video is an inseparable element of using YouTube.

User vs Net
Further, the observed behaviors and video resolutions were

divided into two categories. The “User” category directly corre-
sponds to the behaviors that are generated by the user, and the
“Net” category relates to the occurring network behaviors such as
stalling and initial buffering.

In Figure 2, we illustrate the number of behaviors exhibited
by each of the testers, broken down into net and user categories.
Based on the analysis, we noticed that the number of network
events increases with the number of user behaviors.

Figure 2. Behaviors divided into their origin.

Data Groups
Further, the analysis of the video recordings showed varia-

tions in terms of the number of behaviors exhibited by the partici-
pants. This means that some participants showed more behaviors
than others during the testing process. This variability in the be-
havior of the participants is an important aspect to consider when
interpreting the results of the study (see fig. 3).

Therefore, we decided to group the data obtained from the
Chrome extension according to the behavior of the participants.
The groups are as follows:
A: a group of data that relates only to constant video watch-
ing, without any additional interaction with the platform, such as
scrolling, pausing, or manually changing the resolution.
B: a group of data that relates to the behaviors exhibited, such as
scrolling, pausing, or manually changing the resolution without
any events related to the network.

In addition, the data has been divided based on the events
that occur in the network between ratings, such as stalling and
initial buffering:
C: a group of data that relates to the occurring stalling.
D: a group of data that relates to initial buffering.

Figure 3. Classification of data into groups based on observed behaviors.

Correlation
Finally, we analyzed the correlation of resolution with MOS.

The previous division of the data into groups allowed for a more
detailed correlation analysis.

For ungrouped data, we obtained a correlation value of 0.81
for all MOS scores and a resolution of

√
resx × resy, as shown in

Figure 4. This high correlation value led us to the conclusion that
an ecologically valid experiment can provide reliable results.
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Figure 4. Correlation of resolution with MOS for all data.

Then, in Figure 5we present the correlation of resolution
with MOS as a function of time. The blue line represents Group
A (without occurring behaviors between ratings), and the red line
describes Group C (data group with occurring stalling). The aim
was to study the correlation between resolution and ratings de-
pending on the time preceding the quality ratings. As can be
seen from the chart 5 for group A the correlation is almost con-
stant over time and is about 0.6. On the other hand, data includ-
ing stalling is inconsistent. At around 30 seconds it stabilizes to
around 0.2 and further increases to 0.4.

Figure 5. Correlation of resolution with MOS in time, along with confidence

intervals.

Furthermore, by analyzing Figure 5, it is clear that the inter-
vals of the correlation data for the stalling and the group without
events overlap. Consequently, we have decided to delve deeper
into the correlation coefficients’ differences 6. This implies that
there is no statistical significance in the difference between the
groups with stalling and without any events.

In light of the above-discussed results, we decided to inves-
tigate the occurrence of stalling in intervals between ratings in
relation to the number of periods. In Figure 7, we present the cor-
responding statistics. As seen, single-stalling incidents were the
most frequent while the maximum number of stalling was 9.

As we have described in the Experiment Design section, in
addition to MOS, we also collected data on the level of interest
using a five-point scale. This additional data provides us with a
more complete understanding of the subjects’ engagement during
the experiment and allows us to evaluate the effectiveness of the
environmental design in terms of capturing the subjects’ atten-
tion. Measuring interest was an important objective of our study
and the results show that on average, the interest level was 4.63,
indicating a high level of engagement among the participants.

Figure 6. Difference in Correlation with Resolution with/without Stalling and

stalling statistics.

Figure 7. Number of stallings in scoring period in relation to the number of

periods.

Questionnaire
Additionally, we conducted the questionnaire at the end of

each test to measure the ecological validity of our experiment.
Participants indicated that the experiment was different from their
everyday experiences, 46% of them referred to a lack of multi-
tasking and different use cases. The results of the questionnaire
indicate that 54% of the testers paid attention to the room settings,
such as lightning.

Discussion
In this paper, we present the results of an exploratory study

of a new experimental protocol. The measured method aims to
increase the ecological validity of the experiment with the max-
imum possible preservation of reliability. An exploratory study
conducted on 15 participants indicates the usefulness of the pro-
posed experimental protocol.

During the experiment, we collected screen recordings and
YouTube’s “Statistic for Nerds” was captured every 0.5 s by our
Chrome extension . Initially, we planed to use data from the
“Statistic for Nerds” for analysis of the behavior of the partici-
pants. However, in our initial analysis, we measure the continuity
of watching by selecting time intervals without any behavior oc-
curring. Reflecting on the continuity of the videos watched, we
ask ourselves “Has the participant watched the currently selected
video?”. Due to the doubts raised by a large number of behaviors,
we decided to investigate screen recordings with an observational
study.

The screen recordings of a participant showed that the data
from “Statistics for Nerds” did not clearly reflect the interaction
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with the video player. Our analysis of recordings indicated that
the user’s interactions with the service can change more often than
0.5 seconds and that some events can overlap in time. An example
of this is seeking forward to a video and quick scrolling to the
comment section. This observational analysis gave us a broader
view of the actual use of the YouTube platform, which not only
serves to watch the video but imposes additional interactions that
influence the experience (e.g. reading the comment section).

Furthermore, examination of the video recordings revealed
disparities in the number of behaviors between the participants.
Some participants interacted with the player way more frequently
than others. To better understand these disproportions in the fre-
quency of participants’ behavior, we divided the data into two
groups. The “User” group corresponds to the behaviors gener-
ated by the participants, while the “Network” group represents
the events generated by our manipulation of the network. Based
on this, we observed that the amount of network events depends
on the number of events generated by the participants. That means
that the participants could have been causing the network events
themselves. We observed that some participants showed a ten-
dency to change the resolution at the time of stalling, which gen-
erated more stallings.

Subsequently, we made the decision to classify the data ob-
tained from the Chrome extension into 4 groups A, B, C, and D
as explained in the Data analysis section. The division of data
into groups was designed to provide a more accurate examination
of the correlation between subjective quality ratings and resolu-
tion. We used data from group A (without events or behaviors)
and group C (with stalling events) for further analysis.

We started the the analysis by calculating the correlation be-
tween MOS and resolution for ungrouped data. In the dataset
containing all of the data groups (A, B, C, and D) the correlation
between MOS and resolution was high (0.81). The fact that the
correlation result is high shows that the experimental protocol is
effective and might deliver reliable results.

Next, we analyzed the correlation between resolution and
MOS as a function of time. The purpose was to investigate the
correlation between resolution and ratings based on the time pre-
ceding quality ratings. We used data groups A and C to ana-
lyze the influence of stalling on ratings. By breaking into data
groups, we revealed that when stalling was absent, the correlation
remained steady at 0.6, but when stalling was present, it fluctu-
ated and ultimately settled at 0.2. However, the coefficient inter-
vals overlapped, indicating that the differences between the data
groups are statistically insignificant.

Because we did not observe significant differences between
the groups with and without stalling, we decided to investigate the
frequency of stallings. For that purpose, we analyzed the number
of stallings between quality ratings. The results showed that sin-
gle stalling incidents were the most prevalent, reaching a maxi-
mum of 9 occurrences. These findings suggest that in real-world
scenarios, the influence of stalling on user satisfaction is lower.

As we described in the Experiment Design section, we not
only collected MOS but also measured information about the level
of interest on a five-point scale. This supplementary data offer a
more complete understanding of the subjects’ engagement during
the experiment. Most of the participants were highly invested in
the chosen video content, supporting our initial hypotheses. The
high level of interest demonstrates the ecological validity of our

experimental protocol. Despite the fact that participants were in
the laboratory, they choose the content according to their interests.

On the other hand, the questionnaire suggests that 54% of
the testers noticed the room settings. This result is supported by
the subjects’ statements that the luminance value was significantly
different from the lighting conditions they typically experience
while watching videos on YouTube. As described in the Exper-
iment Design section, the preparation of the room for the experi-
ment was in accordance with the BT-500 recommendation. There-
fore, the recommendation does not refer to everyday users’ envi-
ronments and thus should not be used in experiments aiming for
ecological validity. Additionally, the questionnaire showed that
46% of the respondents normally do not watch YouTube videos
fully engaged. Participants claimed that they rather use YouTube
during daily activities and treat the video as an addition to the
tasks performed. Those answers suggest that we could raise the
ecological validity of our protocol by using more natural lighting.
Even more natural would be allowing participants to multitask
during the experiment.

Conclusions
In conclusion, YouTube is not only used to watch videos, but

it can serve multiple purposes. Users interact with each other by
reading the comments and video descriptions. In addition, they
interact intensely with the service by searching for interesting
videos or rewinding to the interesting part. Moreover, network
problems can evoke new behaviors like changing video resolution
or reading comments during stalling events.

To measure all those interactions more ecologically valid ex-
perimental protocols are needed. In our study, unrestrained inter-
actions with the video service enabled behavioral measurements.
Moreover, we could use events and behaviors that occurred during
the experiment for grouping the data.

Above described data analysis indicate that when consider-
ing data that is representative of real-world scenarios, there is no
longer a notable negative effect on the quality when stalling oc-
curs. These findings provide valuable insights into the relation-
ship between objective metrics and perceived video quality and
highlight the importance of continuous improvement of method-
ologies for video streaming studies.
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