
Received 25 November 2022, accepted 15 December 2022, date of publication 22 December 2022,
date of current version 29 December 2022.

Digital Object Identifier 10.1109/ACCESS.2022.3231747

Long-Term Video QoE Assessment Studies:
A Systematic Review
NATALIA CIEPLIŃSKA 1, LUCJAN JANOWSKI 1, KATRIEN DE MOOR1,2, (Member, IEEE),
AND MICHAŁ WIERZCHOŃ 1,3,4,5
1Faculty of Computer Science, Electronics and Telecommunications, AGH University of Science and Technology, 30-059 Kraków, Poland
2Department of Information Security and Communication Technology, NTNU, 7034 Trondheim, Norway
3Consciousness Laboratory, Institute of Psychology, Jagiellonian University, 31-007 Kraków, Poland
4Centre for Brain Research, Jagiellonian University, 31-007 Kraków, Poland
5Jagiellonian Human-Centered Artificial Intelligence Laboratory, Jagiellonian University, 31-007 Kraków, Poland

Corresponding author: Natalia Cieplińska (cieplins@agh.edu.pl)

The research leading to these results has received funding from the Norwegian Financial Mechanism 2014-2021 under project
2019/34/H/ST6/00599.

ABSTRACT Although longitudinal studies are common in other disciplines, such as psychology, medicine,
or User Experience, they are rarely used in Quality of Experience (QoE). However, observing users over
time can provide useful information on the QoE and help to better understand its influencing factors. Here,
we present a systematic review of the methodologies of longitudinal studies in the QoE domain. We review
papers selected through a systematic search and discuss various aspects of described studies, such as methods
of gathering subjective assessment or length of the studies. Our work recognizes common practices that can
be used to reproduce and extend the proposed long-term study designs. Additionally, based on our review,
we propose future work directions for the longitudinal QoE studies.

INDEX TERMS Quality of experience, longitudinal study.

I. INTRODUCTION
Recently, the research community is facing the so-called
replication crisis in science [11], [14]. There are multiple
examples of studies (e.g., pertaining to key studies within the
field of psychology) that were not replicated, even though
they use the same set-up [48]. An important implication of
this fact is that one should not conclude based on a single
study and take its result as ground truth. Instead, researchers
should accumulate findings from multiple studies and draw
conclusions by reviewing, aggregating, and comparing them.
One of the ways to do this is to conduct a systematic review
of the relevant literature.

A systematic review is different from the state-of-the-
art presentation that is typically included in many publica-
tions, as described in the overview of conducting systematic
review [15]. The main advantages of the systematic review
are: the detailed description of the search process, and the
fact that conclusions are based on a number of papers with
the similar claims. The formalized search process enables
the replication and validation of the systematic review. The
number of publications supporting a given claim help allows
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to indicate solid findings as well as to detect those potentially
under-powered or false.

In telecommunication technology, systematic reviews are
not common. This is probably due to rapid changes and
developments of technologies. We found a few examples of
the systematic reviews of the Quality of Experience (QoE)
or living labs studies [17], [18], [19]. As QoE measures
the delight or annoyance of a customer’s experiences with
a service it is an important aspect, especially for service and
network providers. However, to our knowledge, no systematic
review scrutinizes longitudinal QoE studies. Such a system-
atic review is the key focus of this article. More precisely,
the main contribution of this paper is a systematic review of
methodologies of long-term video QoE studies. We summa-
rize the methods used in the longitudinal studies assessing
video quality judgements with human subjects and identify
future work directions to better understand the variability of
the QoE judgements over time.

A Systematic review approach seems especially advisable
for longitudinal QoE studies, because quality assessment over
a longer period of time is not common. There is no stan-
dardized methodology of this kind of study, resulting in a
range of different methodological designs that are difficult
to compare. Most of the QoE studies are cross-sectional,
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i.e., they conduct experiments in a single session. Such solu-
tion is less time-consuming for the researchers, and does
not require a large budget to pay the participants. However,
observation of the QoE over time is an important aspect of
user experience with a service. In the real life conditions,
users typically interact with services for long periods of time,
e.g., when using a streaming platform daily. This prolonged
interaction may change the importance of certain features and
help to identify relevant variables in a more robust and eco-
logically valid way. Ecological validity is defined as a degree
of correspondence between the research conditions and the
phenomenon being studied as it occurs naturally or outside
of the research setting. As an example, the tolerance to video
stalling in the lab may be larger when it happens unnaturally
than when someone is using a video service over a longer
period of time and mostly experienced video without stalling.
A prolonged interaction with a service may also reveal an
increased number of factors influencing a user’s experience.
Depending on the study design, it can be beneficial to observe
the effect of these factors when they can be captured and
analyzed meaningfully. The long-term studies may also just
increase the results’ variance, making themmore comparable
to the real world situation.

Long-term QoE studies allow to understand what influ-
ences the experience in more natural settings. Prolonged
users’ observation enables insight into their behavior. Use
of a service on the macro level can be assessed in terms
of behavioral economics, and may result in business [12].
As a result, in addition to research purposes, long-term
QoE studies are also important for service providers. This
is because the method is more ecologically-valid and thus
the results are better correlated with churn [49] and crucial
customer decisions (i.e. when user is purchasing additional
service or recommending it to other people).

Given the mentioned considerations, the goal of the paper
is to summarize the current state of longitudinal QoE studies
in the context of video services evaluations, systematically
review the results of the previous studies and discuss future
directions of studies.More precisely, relevant, long-termQoE
studies related to the video quality evaluation are described
in terms of their methodology, e.g., with regard to how the
subjective judgments were gathered, what was a study dura-
tion, which factors influencing the QoE were investigated,
and which directions of studies are still not covered.

The remainder of the paper is organized as follows: the
background of longitudinal studies is shortly described in
the following section. The methodology behind this sys-
tematic review is shared in Section III. Section IV describes
the data, methods, and results gathered from the analyzed
papers. Finally, Section V is dedicated to the discussion, and
Section VI to the final conclusions.

II. STATE OF THE ART
Because systematic review articles are not often proposed in
the QoE community, let us start with presenting how one
can properly describe and systematize previous work. First,

we present the types of review articles and methodologies
(more or less formal) applied within those articles. Then,
we describe the types of longitudinal studies we aim at
reviewing.

A. TYPES OF THE REVIEW ARTICLES
The progress of science depends on a current consensus
on the scientific facts [52]. The consensus can be reached
through the analysis of numerous papers describing the phe-
nomena of interest. Such an analysis is usually done with
review papers. A well-prepared review paper can clarify the
state of knowledge on the phenomena of interest, notice
contradictions in the results or methodologies, and identify
missing questions that should be answered. The nine main
types of review articles identified by [55] are:

1) Literature review lists current literature on a phenom-
ena of interest selected by an author, but does not
require formal, systematic search rules;

2) Scoping review evaluates the size and scope of literature
available on a particular topic. It aims at presenting the
overview of the literature, but does not provide formal
quality assessment of picked studies;

3) Critical review evaluates the quality of cited resources,
but does not apply systematic search rules or formal
quality assessment;

4) Systematic review applies systematic search rules and
follows a protocol, which defines formal method for
selecting the studies. It it usually exhaustive, but
may have a selection bias, because the search rules
(e.g. keywords) and the protocol (e.g. exclusion crite-
ria) are defined by a researcher. However, this could
always be corrected because the protocol is clearly
defined and published;

5) Meta-analysis develops a precise, statistical summary
of multiple quantitative studies. The statistical analysis
requires that all the studies have the same (or very
similar) measures;

6) Mapping review delineates and classifies existing liter-
ature on a given topic, but is usually time-constrained
and does not apply a systematic search rules;

7) Qualitative systematic review integrates and compares
outcome of qualitative studies but does not use any
specific methodology;

8) Meta-synthesis aims to explain a particular phenomena;
9) Realist review aims to investigate complex inter-

ventions, e.g. performance measures, regulation and
inspection, or funding reforms, and discovers and
identifies the reasons for thriving or failing of the
intervention;

10) Umbrella review extracts results frommultiple reviews.

Reference [55] also provides examples of each type of the
review article. Note that the list is not necessarily exhaus-
tive - e.g. meta-analysis can apply very different approaches
and types of datasets (meta-analysis of meta-analyses is also
sometimes performed). Nevertheless, it is important to select
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the type of review article, keeping in mind the goal we want to
achieve. Our main aim was to enable validation and replica-
tion of our review, so we have decided to follow a systematic
review structure.

B. LONGITUDINAL STUDIES IN QoE
Before exploring the details of the studies reviewed in this
paper, let us introduce the main approaches used in QoE to
understand changes in users’ experience and behavior over
time. According to [44], there are three dominant approaches.
The first and most commonly used is the, cross-sectional
approach. It is a type of observational study that analyzes data
from a population, or a representative subset based on data
collected at one, specific point in time. The change of expe-
rience in time is probed by comparing different user groups
(e.g., with different levels of expertise). Cross-sectional stud-
ies are usually focused on a very specific aspect measured
in isolation. However, the approach has some serious lim-
itations [46]. For example, participants are not observed or
queried over a time, thus the context and human factors [45]
increase the observed variance. To be more specific, changes
in a single user behavior cannot be observed.

The second approach to probe changes over the time is
within-subject repeated sampling approach [44]. It assumes
that the same users should be tested twice - at the beginning
and at the end of a study. Because these types of studies are
based on only two tests, it may not correctly recognize time
effects due to random contextual variation. It may also not
correctly capture the changes in time that are not linear (the
second test could be too early or too late to show the temporal
effect of the manipulation of interest).

Finally, longitudinal approach [44] is based on more than
two measurements. Therefore, it provides more insight on
how the experience changes over time. In the longitudinal
studies one may also identify factors that are constant regard-
less of a situation. The factors that can be observed with the
longitudinal approach could be [45]:

• Human related (i.e. expectations, needs, mood) - for
example, Using qualitative methods such as interviews,
testers could be encouraged to provide feedback on their
experiences and expectations and their changes over a
time. This way the researchers can get more information
about the changes in testers experience over time;

• Context related (i.e. physical, temporal and social) -
for example an environment, time of a task perfor-
mance, etc. can change human experience and behavior.
By tracking these data longitudinally, we observe how
the context affect the experience.

Observing users over time gives an unique opportunity
to investigate memory effects. Memory effects are very
important for service providers, as the memory may affect
users’ motivation to change the provider, especially if they
are annoyed with a service. According to [6] and [50], the
memory of a negative experience at a specific time point
depends on:

• The strength of memory - the more annoying an event,
the stronger the user memorizes it and the longer mem-
ory lasts;

• The time that has passed since the occurrences of an
event;

• Repetition - the more frequently an event occurs, the
more likely a user remembers it.

Longitudinal experiments could be performed in the so-
called living lab environment [47]. As opposed to typical
laboratory experiments, living lab studies aim to put end-
users and the evaluated QoE components (i.e. network, apps,
etc.) as close as possible to their daily media usage scenarios
and natural environment. As a result, they provide more rep-
resentative evaluations of quality [31]. This approach allows
to identify real-life user’s behavior that is not influenced by
an experimental situation (i.e. feeling of being observed or
judged, sitting in a laboratory environment, not using their
own devices). Such effects are unavoidable in a typical lab-
oratory setting. For these reasons, the relevance of living lab
environment in QoE studies seems well justified and needs
further exploration. Studies using this approach are further
investigated in this review.

III. METHODOLOGY
Conducting a systematic review requires a systematic and
thorough documentation on how we selected the papers to
be analysed. Thanks to the documentation, it is possible to
validate the results and replicate the process, e.g., with an
update. Some of the key features of the systematic review,
as defined in [13], are:
• clearly defined search strategy that should detect as
much of the relevant literature as possible.

• clear documentation of the search strategy so that read-
ers can access its rigour and completeness.

• explicit inclusion and exclusion criteria that could be
applied to assess primary studies.

To meet those criteria, and to select the primary papers pre-
senting long-term studies investigating QoE, we used a 7-step
search procedure.

1) The first step of the search protocol was to check
several preliminary queries in three different databases
(IEEE, ACM and Scopus) and to review a number of
the resulting papers. To develop the queries, we anal-
ysed whether given keywords allow to deliver 18 tar-
get papers, selected based on prior knowledge of the
field [1], [2], [3], [4], [5], [7], [8], [9], [24], [25], [26],
[27], [28], [33], [34], [35], [38], [41]. We will call
those 18 papers ‘‘Related’’. 10 of them were finally
included in our systematic review. The other eight were
closely related to the field and their citations helped
us finding other relevant papers. However, we have
not included them in the systematic review, because
they were not related to video quality. This step lead
to the selection of the following keywords: quality of
experience, QoE, subjective, multi-episodic, perceived
quality, user experience, long term, living lab, user
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engagement, longitudinal, macro-temporal, over time,
prolonged use.We also excluded medicine-related key-
words, like: patient, disease, health, since papers with
such keywords typically describe longitudinal studies
investigating patients’ health, but not the role of media
services or videos. We ended up this step with the final
list of keywords.

2) The second step of the search procedure, was to pick
10 queries fromACM, IEEE and Scopus databases and
analyse the abstracts of 20 random output papers from
each query to see how many of the papers are relevant
(for the criteria see below). We discarded queries with
over 300 results if the number of relevant papers was
lower than 30%. As the result, we finally applied eight
queries to select the papers.

3) The third step was to merge the papers from those
eight queries and to remove duplicates. This resulted
with an initial database of 318 papers.

4) In the forth step involved screening the abstracts of
the above-mentioned papers by two researchers inde-
pendently. We divided the papers into 2 categories:
‘‘Not Relevant’’ and ‘‘Relevant’’. The latter was further
divided into ‘‘Possibly Relevant’’ and ‘‘Definitely Rel-
evant’’. A paper was considered ‘‘Not Relevant’’ when:
• the topic was related to medicine
• reported study did not involve users/human sub-
jects (e.g., a study based on simulations but
not containing actual subjective evaluations was
excluded)

• reported study does not fall into the category of
long-term study or was not connected to QoE (e.g.,
LTE, which appeared in a search, because its name
consists of ‘‘Long Term’’ but is not relevant for this
research)

‘‘Definitely Relevant’’ papers were those describing
the methodology of long-term studies or describing
long-term experiments related to video. ‘‘Possibly rel-
evant’’ papers were those describing UX-focused long-
term experiments, user engagement and living labs.
A paper was marked as ‘‘Relevant’’ or ‘‘Not Relevant’’
based on its abstract. As the result of this step, we iden-
tify 32 ‘‘Possibly Relevant’’ papers and 19 ‘‘Definitely
Relevant’’.

5) In the fifth step we used the Connected Papers
tool [10]. The tool uses a similarity metric based on
Co-citations and Bibliographic Coupling. Using Con-
nected Papers one can select those with the strongest
connection to an input paper. We observed QoE has
no standardised keywords, so similar studies can be
named differently (for example ‘‘living labs’’, ‘‘mobile
human’’, ‘‘longitudinal’’ and ‘‘multi-episodic’’ key-
words refers to the same methodology). This is why
the step was so important, as it adds relevant pub-
lications that might have been overseen during the
initial query search. We uploaded all papers marked
as ‘‘Surely Relevant’’ and ‘‘Related’’. Then we down-

loaded all papers found by Connected, Prior and
Derivative search functions of the Connected Papers
tool [10]. Connected function selects those papers
which have similar citations to the publication we
uploaded,Prior function selects those which were cited
by many connected papers, and Derivative function
selects the papers which cite many of the connected
papers. Finally, we arrive at 1263 papers from Con-
nected Papers tool, excluding duplicates.

6) In the sixth step, to further narrow the selection,
we analysed only those papers which appeared at
least three times in the fifth step of our procedure
in any of the categories (Prior, Derivative or Con-
nected). We selected this threshold as we have noted
in the preliminary screening that papers with less than
3 appearances had no connection to longitudinal QoE.
We also assumed the number of papers selected at
this step should not exceed the number of the papers
selected in the main query. Using the threshold we
arrived at 206 connected papers and analysed their
abstracts. Using the judgement of relevance identical
to the one described above we finally selected 37 new
‘‘Definitely Relevant’’ papers.

7) Finally, in the seventh step, we analysed in details
all the papers marked as ‘‘Related’’, ‘‘Definitely
Relevant’’ and ‘‘Possibly Relevant’’ (106 papers in
total). We discarded papers which did not describe
video services and those, which did not use longitudinal
approach, but measure quality in one session. The key-
word ‘‘video’’ was not used in each query, as in most
cases it generated too few results. Finally, we obtained
22 papers describing long-term studies of video QoE
assessment. The result of our review is described in the
next section of this paper.

IV. RESULTS
Longitudinal studies may investigate multiple aspects of
QoE. To make the review more comprehensive, we divided
the reviewed studies into 3 categories defined based on a task
users performed - using an app, audio-visual calls, watching
videos. Below, we analyze most important aspects of the
studies in the following subsections:

• ‘‘Focus of the studies’’ provides general information,
such as task description, number of participants and the
length of the study.

• ‘‘Objective data’’ lists technical aspects measured (e.g.
those related to the network)

• ‘‘Subjective data’’ specifies methods used for gathering
the subjective judgments

• ‘‘Results’’ sums up results obtained in a given study

Each of these sections was divided into 3 parts, depending on
a task users performed.

A. FOCUS OF THE STUDIES
The reviewed papers described 3 types of studies. We identi-
fied the study types according to the type of the activity the
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testers were performing during the study. Using an app stud-
ies are based on the observation of the users’ interactions with
applications. Typically, participants were asked to use their
phones as usual, and questioned about their QoE after using
a specific application.Watching videos studies are focused on
watching a pre-selected content provided by the researchers.
Typically, movie trailers or fragments of TV series were used,
and the video quality was controlled. Finally, audio-visual
calls studies are based on video calls under pre-specified
conditions. The participants were given a scenario of their
video call. We describe in more detail each type of study in
the subsections below.

1) USING AN APP STUDIES
In most of the using an app studies, except two
([32], [37]), the quality of the videos and network limitations
were not controlled. If they were, either down-link traffic was
passively modified through traffic shaping, participants were
provided with specific Internet access connections for the
study [32]. In the second paper with controlled conditions,
a customized video player was implemented to simulate
artifacts (e.g. rebuffering and change in video quality) and to
record video streaming performance in the background [37].
When the network was not controlled the users were using the
app in any environment (e.g. at home, outside, in the bus), and
using the network available (eitherWi-Fi or data connection).

Multiple papers ( [21], [22], [23], [29], [31]) moni-
tored the user’s interaction with YouTube. The studies
used the YoMoApp (YouTube Performance Monitoring
Application) - which make use of the YouTube mobile web-
site and the YouTube HTML5 API to exactly replicate the
YouTube service. YoMoApp employs HTTP adaptive stream-
ing technology based on bit rate (BE) adaptation. It addition-
ally monitors and stores multiple Key Performance Indicators
(KPIs) of the video streaming (such as e.g., player state,
events and video quality level) via the YouTube API [42].
Other papers ( [24], [25], [26], [27], [28], [30]) describes
participants’ interactions with different mobile phone appli-
cations. For example [24], [27], and [28] make use of the
mQoL-Log application, which allows to monitor users’ activ-
ity and trigger surveys after specific events. References [25]
and [26] reports the studies with a similar methodology. How-
ever, two separate applications were used: (1) the Android
Context Sensing Software (CSS) monitoring users’ activity
at their phones and (2) a customized survey application.
Similarly, [30] reports a study using two customized appli-
cations: a traffic monitoring tool and a web-based application
providing QoE feedback. Finally, [20] describes a study using
a public display situated on university’s corridor. Students
were asked to look at the display and participate in some
interactions with its content (e.g., choose a lecture-related
video to watch, take part in a quiz).

Table 1 depicits the reviewed studies duration, type and
the number of testers involved. As can be seen, the duration
of most of the using an app studies was two to four weeks.
A study involving YoMoApp was longer (four years) and had

TABLE 1. Duration, type of study and number of testers.

higher number of participants (360). It is important to men-
tion that the YouMoApp study did not require participation
of a given tester throughout the entire duration of the study.
Thus it is difficult to compare it to other studies described in
this paper.Majority of the studies involved 30-38 participants,
with the exception of [24] and [20] reporting studies on a few
participants. Only [29] and [31] mentioned the participation
fee (participants received vouchers).

2) WATCHING VIDEOS STUDIES
In this type of studies, the testers were requested to watch
a pre-selected content (e.g., cut scenes from TV series, soap
operas or movie trailers). The quality was controlled. Typi-
cally, two conditions have been introduced: high- and low-
performance quality.

Paper [35] presents two studies. In both performance levels
were manipulated daywise (High Performance (HP) or Low
Performance (LP)). Scenes from TV series were used. In the
first study HP was defined as 2Mbit/s and LP’s 125 kbit/s
bandwidth respectivelly (encoded with h.264 at 720× 576px
resolution). Presented content were 12-17 minute scenes
from ‘‘Friends’’. Second study make use of 3Mbit/s HP and
0.25Mbit/s and LP bandwidth respectively (encoded with
h.264 at 800×480 px resolution). The presented content con-
sisted of 8-12 minute scenes from ‘‘The Big Bang Theory’’.

Paper [33] report a study with 13-17 minute fragments
of soap operas. Again, HP and LP conditions were applied.
In the HP, audio was encoded with MP4A at 320 kbps and
video with h264 at 5Mbps at a device resolution. In the
LP, the audio was encoded using GSM full-rate and video
bandwidth of 250 kbps. In the paper [34] testers had to watch
a 15-minute movie. The HP video bandwidth was 2Mbit/s,
and LP video bandwidth was 125Kbit/s.

In studies [38], [39], [41] the participants were asked to
watch pre-defined videos (2-3 minutes movie trailers) using
a mobile device (Nexus One phone running Android 2.1) in
their natural environment. The first two papers describe video
quality using:

• Seven low-quality videos using the Real-time Transport
Protocol (RTP);
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• Seven high-quality videos using RTP;
• Seven low-quality videos using progressive download
(based on HTTP);

• And seven high-quality videos using progressive
download.

Studies presented in this category lasted 7-14 days and num-
ber of participants was between 20 and 29. Studies [38], [39],
[41] offered compensation in a form of a gift voucher (worth
10 Euro). Study [35] offered 40 Euro participation fee and
study [34] 70 Euro participation fee.

3) AUDIO-VISUAL CALLS STUDIES
Following our exclusion criteria, only two reviewed papers
belong to the audio-visual calls category. In both studies,
participants had to carry out at least two conversations daily
(first between 6 am and 3 pm; second between 3 pm and
12 am) using a purposely modified Skype client. The calls
were run in pairs. A test participant from each pair received
a scenario to ensure the conversations have approximately
the same length and structure. The scenario involved partici-
pants in a role-play tasks based on everyday situations (e.g.,
train ticket booking, appointment with a doctor, ordering
a pizza). Only about a half of the information about the
scene was available to a single participant, so bidirectional
conversations were necessary to resolve the tasks proposed
in the scenario [43]. The calls were run with modified Skype
software, where the joint audio-and-video bandwidth was
artificially restricted up to a certain maximal value (62500,
18750, or 4000 bytes per second) for a given day. Both studies
reports the results of 56 participants. The duration was around
two weeks [33], [36]. As visible in Table 1, the studies of
this type lasted 1 or 2 weeks, and all except one study had
between 20 and 30 participants.

B. OBJECTIVE DATA
The studies presented in all analyzed papers, except five
([32], [33], [34], [35], [36]) collected technical data from
participants. Data can be divided into 4 categories: network-
related (e.g., data throughput or video packet loss rate),
activity-related (e.g., name of the opened app or screen
orientation), cell-related (e.g., signal strength or opera-
tor) and context-related (e.g., GPS location or brightness).
Tables 2 and 3 present an overview of data collected in the
studies. For the ’audio-visual calls’ experiments, no technical
data was collected, as the quality of the calls was controlled.

We observed that most of the studies gathered context
data - either only GPS position, or the related activity (walk-
ing, sitting or in a vehicle while performing a task).

Studies from using an app category often tracked screen
size, orientation and apps used simultaneously. They also
gathered network and cell related data (e.g., Wi-Fi level,
connection provider, and network usage).
Watching videos studies gathered mainly information

about which video the tester watched at the time, the quality,
and session start and end times. They also recorded connec-
tivity data (e.g. network type, loading time).

C. SUBJECTIVE DATA
This section describes what questions were the testers asked
and how the feedback about their experience was collected
(via questionnaire, interviews etc.). Table 4 presents summa-
rized subjective data from all the papers. During almost all
of the studies, the researchers ask the testers about overall
quality. Eight studies ask about acceptability of the session
or service, six ask about context (either social or location).
Questions about multi-episodic quality appear in only 4 of
the papers.

1) SUBJECTIVE ASSESSMENT FOR USING AN APP STUDIES
As mentioned before, some of the studies were focused on
users’ interaction with YouTube specifically, and some were
focused on users’ interaction with a multiple applications
(for example Facebook, Spotify, WhatsApp etc.). YouTube
related questions were mostly focused on the quality itself
(sometimes some specific aspects, as quality of streaming or
service acceptability). On the other hand, studies that focused
on interacting with multiple applications asked about users’
expectations and what action did they user try to accomplish
in this app. During some of those studies interviews were
conducted. Different methods are described below.

In the studies that focused on observing user interactions
with YouTube, subjective user feedback was expected after
each session. In papers [21] and [37] the participants were
only asked about overall quality on 5-point ACR scale.
In papers [22] and [23], the questions included the user’s
feedback on the quality of the video, the quality of the
streaming, the user’s opinion on the video content (usingACR
scale), as well as the service acceptability (here the possible
answers were yes/no). In the study described in the paper [29]
participants were asked to rate the overall quality on a 5-point
ACR scale and to indicate whether the session quality was
acceptable. On the same scale, they had to indicate to what
extend they were annoyed by the initial delay. They were
also asked if they noticed any interruptions or stops during
the streaming. If yes, they had to indicate whether they expe-
rienced these interruptions as annoying on the same scale
as for initial delay. In the experiments from [30], [31], and
[32], the testers were asked to rate overall experience and
acceptability after each session. Additionally, in paper [32],
participants indicated their location at the moment of watch-
ing the YouTube video (e.g. at home, in the metro, walking).
In the studies described in papers [25] and [26] the questions
were about: QoE (using 5-point ACR scale), location, social
context, mobility (e.g. moving, sitting). They also conducted
a weekly interview based on Day Reconstruction Method
(DRM). The interview was conducted after completion of a
detailed diary of the previous 24-hour period. In the study
described in paper [24] only one question was asked: What
action were you trying to accomplish?

In the papers [27] and [28], the questions the testers
answered after using an app were as following: 1. Did your
usage of this app went as expected? 2. How was your last
usage session of this app (on a scale 1-5)? 3.What action were
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TABLE 2. Objective data collected in using an app studies.

you trying to accomplish? (Consume content, share or create
content, read text message, write text message, control an app
(start/stop music), video call or audio call) 4. Did your last
usage of this app meet your expectations (on a scale 1-5)? 5.

If something went wrong, please tell us more about it. In all
five studies ( [24], [25], [26], [27], [28]) the survey was
triggered after using an app, but maximum 12 times during
a day.
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TABLE 3. Objective data collected in watching videos studies.

TABLE 4. Types of subjective data collected in the studies.

In the paper describing the public display study ( [20]), the
participants were asked to daily submit their reports using an
online form. The diary report consisted of several closed and
open questions, asking about the context (how many people
were at the display and what did they do, how long and how
many times were the testers there, what did they see etc.).
Additionally, since the diary report form did not specifically
ask for or mention the notifications and the result visualiza-
tions, a focus group session was conducted to directly high-
light these elements. Then, they were asked about elements
that grabbed users’ attention and/or engaged to interact; pro-
gression of these over time; perception/experience of the
pop-up notifications; users’ observations of others’ behavior
around the display; further envisioned dynamic features of the
display.

2) SUBJECTIVE DATA FOR AUDIO-VISUAL CALLS STUDIES
For the audio-video calls experiments, after each call, par-
ticipants rated the overall quality, the audio quality and the

video quality of that particular call. For this purpose, 7-point
continuous rating scale was used, to avoid saturation effects
at the scale extremities and frequently shows amore Gaussian
distribution of the judgments [36]. In paper [33], after the
4th, 14th and 24th call (i.e. after 2, 7 and 12 days), the
multi-episodic judgment for the same dimensions needed
to be rated. In paper [36] after the 4th, 14th and 24th call
(i.e. after 2, 7 and 12 days), an extended questionnaire was
provided. In addition to the mentioned ratings related to the
individual call, this questionnaire also contained questions
regarding the (overall, audio and video) quality of the service
experienced so far, as well as any expected future service
usage and recommendation to friends.

3) SUBJECTIVE DATA FOR WATCHING VIDEOS STUDIES
In this category of studies, different approaches were used.
Either the testers were only asked about overall quality of
their experience (in most cases both right after watching a
video and after several days to measure the multi-episodic
quality). In the other studies the questions to testers were
more specific, for example accessing loading speed or social
context. Mostly, the study using more specific questions
implemented traditional diaries, where the testers could write
down more information about their experience. More details
are presented below.

In the study described in paper [33], apart from rating
the quality of each episodic use, participants also rated
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TABLE 5. Summary of the most commonly mentioned factors influencing QoE.

multi-episodic quality after every 3rd episodic use. Similar
methods were used in the paper [34], where two question-
naires were used: one per usage presented directly after fin-
ishing watching 15-minutes long movie and one to measure
the integrated QoE over several interactions. The second
questionnaire was presented after day 4, 7, 10 and 14 to
measure the integrated QoE and determine the users sat-
isfaction with each system. In study [38] the testers were
asked to answer a few questions (on a 5-point star rating
scale) to evaluate the audiovisual aspects and the QoE: the
loading speed, fluentness, general experience, and noticeable
distortion in the watched video. They also asked a question
about the physical context of the test user (‘‘Are you at
home, on the move, at work, or somewhere else?’’). Addi-
tionally, extra feedback was collected in the user diaries.
Very similarly, in the study described in [39] and [41] the
questionnaire included questions about the appreciation of
the content, general technical quality, fluentness of the image,
loading speed and the physical context of the user. The
diaries contained 28 sheets (one for every video) with a
number of questions: about the interest in the content, general
experience evaluation, positive and negative aspects with an
influence upon this overall experience, the social context in
which the user watched. Finally, users were also asked to
evaluate the acceptability of the audiovisual quality of the
videos using the following categories: ‘‘Acceptable in every
context’’ (accept), ‘‘Acceptable but only in the context that
I watched the video’’ (context) and ‘‘Not acceptable’’ (not
accept). The study described in [40] was assessing only per-
ceived distorting and the loading speed, also using a 5-level
subjective quality scale, and used a diary as well, to give
a possibility for additional feedback. Paper [35] described
2 different experiments, in both of them the participants
assessed the episodic perceived quality on the 7-point scale
after finishing an episode. In the first one, the multi-episodic
perceived quality for each service was assessed on the 4th,
7th, 10th, and 14th day directly after finishing the daily
episode with the VoD service (same scale). In the second
one, multi-episodic judgments were taken at the 2nd, 5th, 8th,
11th, and 14th day.

D. RESULTS PRESENTED IN THE PAPERS
As mentioned before, the factors that especially can be
observed with longitudinal approach are Context and System
factors. However, according to our analysis, mainly System
influenced factors (network, device and media related) and

Context influenced factors (physical and social) were ana-
lyzed in the studies described in this paper. When it comes to
Human factors, most of the researchers were only mentioning
the testers’ age and gender. In many studies, the participants
were students or working at the university. Sometimes also
socio-economic status was checked (occupation, education
level, family status [26]), and their experience in a field of
interest (how long were they using mobile phones [25], [26]
or are they interested in presented content [38], [39], [41]).
For each category of papers we present tables (6, 7, 8) with
goals of the studies and type of technical and subjective data
described in results.

The analysis of the results is quite challenging. Especially
for exploratory studies, the conclusions are often more obser-
vations than findings supported by statistically significant
results. Table 5 sums up the most commonly mentioned fac-
tors influencing QoE. The column ‘‘Yes’’ is for papers, which
results indicate that this factor is significantly influencing
QoE. The column called ‘‘Uncertain’’ is for papers, which
results do not show the correlation precisely, and the column
called ‘‘No’’ is for papers claiming that this factor has no
influence.

Besides research on influencing factors, some publications
compared a lab study and long term study. The obtained
results are ambiguous, since the papers [30] and [31] show
that the results from laboratory are similar to the ones
obtained with living lab. However, papers [33], [34], [35],
[36] claim the opposite.

Another research direction is time influence. Surprisingly,
taking into account that all papers describe a long term
study, not many of the papers are mentioning how the users’
behaviour was changing in time. The two papers investigating
time influence are [33], [35] described below in more details.

In the study [35], the largest effect on multi-episodic judg-
ments was observed for an increasing number of degraded
episodes. The final multi-episodic judgment decreased until
two consecutive degraded episodes/days were presented.
Then, no further decrease was observed although the
multi-judgment remained well above the episodic judg-
ments of degraded episodes, i. e., a saturation effect was
observed.

The study from paper [33] stresses that approaches to
model multi-episodic quality in a period of approximately
2 weeks cannot be directly deduced from episodic-models.
Short-term effects like the recency effect and the peak-rule
do not improve the prediction accuracy. Further research is
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TABLE 6. Overview of technical results and subjective measures in using an app studies.

required to understand how quality evolves over meaning-
ful time periods from the user’s perspective that cannot be
deduced from short stimuli in the range of seconds. That is
why more research on the long term video quality is needed.

V. DISCUSSION
The results analysis shows that the longitudinal studies are
not very popular in the QoE field, more precisely in the
studies investigating video quality. Furthermore, even in case

of relatively long-term studies (2 or 4 weeks), changes in the
subjective quality judgements over time are not investigated.
This constitutes a challenge for future work, especially when
designing experiments that aim to take longer than a month.

We found that in most of the studies, especially those
fromUsing an app studies category, objective data have been
collected. However, the results are rarely presented, but rather
applied to propose machine learning models. Unfortunately,
the models are not described in detail, so it is difficult to grasp
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TABLE 7. Overview of technical results and subjective measures in watching videos studies.

TABLE 8. Overview of technical results and subjective measures in audio-visual calls studies.

which factors are important. Consequently, a formal meta-
analysis combining results from different papers cannot be
performed. The most commonly investigated aspects of QoE
are throughput and packet loss [25], [29], [30], [31], [32],
[37], [38], [39], [40], [41]. Loading and stalling times are also
often measured [29], [31], [40], [41].
Using an app studies category includes most ecologically

valid studies described in this review. Unlike in a typical QoE
study, testers are not forced to watch content they are not
interested in. Similarly, they are also not obliged to use an
application if they would not use it in their daily routine [24],
[25], [26], [27], [28]. Taking ecological validity as a priority,
future studies should adjust their methodology. Given that
all the reviewed studies probed quality, one can propose a
study where participants report whenever they are annoyed
by any service-related issues and only then researchers would
check, if the issues are related to the quality. We can also test
whether participants would perform any actions to increase

the quality (e.g., by reconnecting WiFi, switching fromWiFi
to the cellular connection, refreshing the website or the appli-
cation). We could also investigate long-term effects of being
annoyed with the service, e.g., ask participants to report when
the quality over time drop to the level at which they would
stop using a service and look for some alternative. This further
justifies the long-term component of the study, because such
customer decisions take time.

While ecologically valid, using an app studies have some
limitations. Measuring QoE in an uncontrolled environment
is challenging, as there are multiple factors to be taken into
account. Users who rarely use certain applications on their
own devices (e.g., only at home) can give biased responses.
Another issue is that replication of those studies, or designing
new ones becomes challenging. This is because the safety and
privacy settings onmost of modern cellphones do not allow to
track some of technical data. Users also become more aware
of their data privacy, and are not willing to participate in an
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experiment if sensitive personal data, such as GPS location,
is tracked. Consequently, future studies of high ecological
validity might not be possible. For that reason future work
will likely focus on audio-visual calls and watching video
studies.

To increase the ecological validity of audio-visual calls,
researchers may propose more scenarios for testers to choose
from. They can also make the scenarios more realistic (i.e.,
conversation may be more flexible in terms of the topic).
Future work within watching videos studies category may
include a short preliminary questionnaire asking testers about
their interest and habits so to make experimental conditions
of the study more ecologically valid. This could be done e.g.,
by using users favorite movie genre as content in the study
or by adjusting the length of the videos to typical time of
materials they watch on their phones.

The subjective judgement in most of the studies was col-
lected in two ways. Either questions pop up after watching a
video or a diary was administered. It is difficult to indicate the
best practice here. The diary may give more detailed informa-
tion and allow testers to respond with more details with open
questions. However, especially in case of the longitudinal
studies, it can become exhausting for participants so their
motivation to properly fill the diaries might drop. Perhaps the
solution for studies taking more than 4 weeks is to apply pop-
up questions on daily basis and on top of that ask users to fill
out a diary from time to time. Finally, the solution may be to
offer some additional remuneration or other type of incentive.

We recognise two main areas for improvement in longitu-
dinal QoE studies. First, the studies are typically focused on
System factors influencing QoE. Second, if Context factors
are described, the studies lack systematization and statistical
analysis (e.g., the studies mention that users’ routines in
the quality rating changes over time, but how exactly is not
reported [25], [26].

When comparing results from lab studies and living lab
studies, the conclusions are ambiguous - some studies claim
that the results are similar [30], [31], and some claim oth-
erwise [33], [34], [35], [36]. This discrepancy suggests an
important direction of future work - the differences and
similarities between results obtained with the living lab and
laboratory approaches should be further investigated. Such a
comparative approach allows us to understand better which
type of a study design is more suitable to investigate a given
type of factors influencing QoE.

VI. CONCLUSION
The goal of this paper was to review the literature discussing
the longitudinal studies investigating video QoE assessment.
Our review shows that long term studies are not common in
the QoE field. If the longitudinal study is performed, it seems
to aim at gathering more data rather than observing changes
in users’ behavior over time. In our opinion, this constitutes
a significant gap in QoE research. This is because in real-
life scenarios, the majority of user interactions with services
are not one-time or temporary, but rather long-lasting and

dynamic. Thus, it seems beneficial to broaden the scope of
the research in this direction. To better understand the QoE
and to propose more reliable models, one should investigate
how the QoE assessment changes over the time and how it
differs from the results obtained from a single experimental
session.

Importantly, most of the QoE studies are focused on
the influence of network parameters on the quality ratings.
Human factors are still not sufficiently investigated. Thus,
one should apply qualitative methods (such as diaries and
extended interviews), rather than simple QoE ratings to
understand better how users perceive the quality and which
factors cause changes in their behavior. Even though qual-
itative data analysis is more time-consuming, it proves its
importance in predicting users’ experience with a service.

Another conclusion we derived from this review is that the
terminology and standards of reporting studies procedures
and results in the QoE field should be more standardized.
As we show above, the terminology referring to the group
of experiments using the very same methodology is very
broad (‘‘over time’’, ‘‘long term’’, ‘‘longitudinal’’ or ‘‘multi-
episodic’’), which makes it difficult to identify all relevant
papers. The same applies to the presentation of the results.
The lack of standardization leads to the situation, where in
some papers no statistical effects have been presented. With-
out this kind of information, it seems impossible to properly
identify the factors influencing the QoE.

Finally, in the discussion section, we present our con-
clusions and suggestions on how to improve the ecological
validity of the longitudinal studies in the QoE field.

APPENDIX A
LIST OF THE QUERIES USED TO GENERATE PAPERS FOR
THE REVIEW
• Used in ACM: [[Keywords: ‘‘quality of experience’’]
OR [Keywords: ‘‘perceived quality’’] OR [Keywords:
‘‘user experience’’] OR [Keywords: ‘‘user engage-
ment’’] OR [Keywords: ‘‘qoe’’] OR [Keywords: ‘‘qual-
ity of life’’] OR [Keywords: ‘‘mobile human’’]] AND
[[Keywords: ‘‘longitudinal’’] OR [Keywords: ‘‘macro-
temporal’’] OR [Keywords: ‘‘multi-episodic’’] OR
[Keywords: ‘‘over time’’] OR [Keywords: ‘‘prolonged
use’’] OR [Keywords: ‘‘long term’’] OR [Keywords:
‘‘living lab’’] OR [Keywords: ‘‘live lab’’]] AND NOT
[[All: ‘‘patient*’’] OR [All: ‘‘treatment*’’] OR [All:
‘‘medic*’’] OR [All: ‘‘hospital*’’] OR [All: ‘‘health’’]
OR [All: ‘‘cancer’’] OR [All: ‘‘care’’] OR [All: ‘‘diag-
nos*’’] OR [All: ‘‘surgery’’] OR [All: ‘‘pain’’] OR [All:
‘‘disease’’] OR [All: ‘‘disorder’’]]

• Used in IEEE: (‘‘Author Keywords’’:’’Quality of Expe-
rience’’ OR ‘‘Author Keywords’’: ‘‘perceived qual-
ity’’ OR ‘‘Author Keywords’’: ‘‘User Experience’’ OR
‘‘Author Keywords’’: ‘‘User engagement’’ OR ‘‘Author
Keywords’’: ‘‘QoE’’ OR ‘‘Author Keywords’’: ‘‘Quality
of life’’ OR ‘‘Author Keywords’’: ‘‘Mobile human’’)
AND (‘‘Author Keywords’’:’’longitudinal’’ OR ‘‘Author
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Keywords’’: ‘‘macro-temporal’’ OR ‘‘Author Key-
words’’: ‘‘multi-episodic’’ OR ‘‘Author Keywords’’:
‘‘over time’’ OR ‘‘Author Keywords’’: ‘‘prolonged use’’
OR ‘‘Author Keywords’’: ‘‘long term’’ OR ‘‘Author
Keywords’’: ‘‘living lab’’ OR ‘‘Author Keywords’’:
‘‘live lab’’) NOT (‘‘All Metadata’’:’’patient*’’ OR
‘‘All Metadata’’: ‘‘treatment*’’ OR ‘‘All Metadata’’:
‘‘medic*’’ OR ‘‘All Metadata’’: ‘‘hospital’’ OR ‘‘All
Metadata’’: ‘‘health’’ OR ‘‘AllMetadata’’: ‘‘cancer’’ OR
‘‘All Metadata’’: ‘‘care’’ OR ‘‘All Metadata’’: ‘‘diag-
nos*’’ OR ‘‘All Metadata’’: ‘‘surgery’’ OR ‘‘All Meta-
data’’: ‘‘pain’’ OR ‘‘All Metadata’’: ‘‘disease’’ OR ‘‘All
Metadata’’: ‘‘disorder’’)

• Used in IEEE: (TITLE (‘‘Quality of Experience’’ OR
‘‘perceived quality’’ OR ‘‘User Experience’’ OR ‘‘User
engagement’’ OR ‘‘QoE’’ OR ‘‘Quality of life’’ OR
‘‘Mobile human’’) AND TITLE (‘‘longitudinal’’ OR
‘‘macro-temporal’’ OR ‘‘multi-episodic’’ OR ‘‘over
time’’ OR ‘‘prolonged use’’ OR ‘‘long term’’ OR ‘‘liv-
ing lab’’ OR ‘‘live lab’’) AND NOT ALL (‘‘patient*’’
OR ‘‘treatment*’’ OR ‘‘medic*’’ OR ‘‘hospital’’ OR
‘‘health’’ OR ‘‘cancer’’ OR ‘‘care’’ OR ‘‘diagnos*’’ OR
‘‘surgery’’ OR ‘‘pain’’ OR ‘‘disease’’ OR ‘‘disorder’’))

• Used in IEEE: (‘‘Author Keywords’’:’’Quality of Expe-
rience’’ OR ‘‘Author Keywords’’: ‘‘perceived qual-
ity’’ OR ‘‘Author Keywords’’: ‘‘User Experience’’ OR
‘‘Author Keywords’’: ‘‘User engagement’’ OR ‘‘Author
Keywords’’: ‘‘QoE’’ OR ‘‘Author Keywords’’: ‘‘Mobile
human’’) AND (‘‘Author Keywords’’:’’longitudinal’’
OR ‘‘Author Keywords’’: ‘‘macro-temporal’’ OR
‘‘Author Keywords’’: ‘‘multi-episodic’’ OR ‘‘Author
Keywords’’: ‘‘over time’’ OR ‘‘Author Keywords’’:
‘‘prolonged use’’ OR ‘‘Author Keywords’’: ‘‘long
term’’ OR ‘‘Author Keywords’’: ‘‘living lab’’ OR
‘‘Author Keywords’’: ‘‘live lab’’) AND (‘‘Author Key-
words’’:’’video’’ OR ‘‘Author Keywords’’:
’’multimedia’’ OR ‘‘Author Keywords’’: ‘‘subjective’’)

• Used in Scopus: (KEY (‘‘Quality of Experience’’
OR ‘‘perceived quality’’ OR ‘‘User Experience’’ OR
‘‘User engagement’’ OR ‘‘QoE’’ OR ‘‘Mobile human’’)
AND KEY (‘‘longitudinal’’ OR ‘‘macro-temporal’’ OR
‘‘multi-episodic’’ OR ‘‘over time’’ OR ‘‘prolonged use’’
OR ‘‘long term’’ OR ‘‘living lab’’ OR ‘‘live lab’’) AND
KEY (‘‘video’’ OR ‘‘multimedia’’ OR ‘‘subjective’’))

• Used in Scopus: (‘‘Abstract’’:’’Quality of Experience’’
OR ‘‘Abstract’’: ‘‘perceived quality’’ OR ‘‘Abstract’’:
‘‘User Experience’’ OR ‘‘Abstract’’: ‘‘User engage-
ment’’ OR ‘‘Abstract’’: ‘‘QoE’’ OR ‘‘Abstract’’:
‘‘Mobile human’’) AND (‘‘Abstract’’:’’longitudinal’’
OR ‘‘Abstract’’: ‘‘macro-temporal’’ OR ‘‘Abstract’’:
‘‘multi-episodic’’ OR ‘‘Abstract’’: ‘‘over time’’ OR
‘‘Abstract’’: ‘‘prolonged use’’ OR ‘‘Abstract’’: ‘‘long
term’’ OR ‘‘Abstract’’: ‘‘living lab’’ OR ‘‘Abstract’’:
‘‘live lab’’) AND (‘‘Abstract’’:’’subjective’’)

• Used in Scopus: (KEY (‘‘Quality of Experience’’ OR
‘‘perceived quality’’ OR ‘‘User Experience’’ OR ‘‘User

engagement’’ OR ‘‘QoE’’ OR ‘‘Mobile human’’) AND
ABS (‘‘subjective’’) AND TITLE (‘‘longitudinal’’ OR
‘‘macro-temporal’’ OR ‘‘multi-episodic’’ OR ‘‘over
time’’ OR ‘‘prolonged use’’ OR ‘‘long term’’ OR ‘‘living
lab’’ OR ‘‘live lab’’))

• Used in Scopus: (ABS (‘‘Quality of Experience’’ OR
‘‘perceived quality’’ OR ‘‘User Experience’’ OR ‘‘User
engagement’’ OR ‘‘QoE’’ OR ‘‘Mobile human’’) AND
ABS (‘‘subjective’’) AND ABS (‘‘longitudinal’’ OR
‘‘macro-temporal’’ OR ‘‘multi-episodic’’ OR ‘‘over
time’’ OR ‘‘prolonged use’’ OR ‘‘long term’’ OR ‘‘living
lab’’ OR ‘‘live lab’’))
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