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ABSTRACT
Currently, user satisfaction is becoming one of the major concerns for the service provider in
accommodating user demand. This paper evaluates the user’s perception (Quality of Experience, QoE)
of the increasing and decreasing response times (Quality of Service, QoS), in particular a login to web
login page by the implementation of Mean Opinion Score (MOS). By comparing the results to user
perception of web login performance, we show that the users perceive web login for increasing and
decreasing RTs in different ways. So, we conduct interview among specific users applying increased
and decreased RTs in particular web login to rank the users satisfaction level. Study of the two results
for RTs of the web login page is presented.

Keywords: Quality of Experience (QoE), Network Performance, User perception and Response Time.
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1 Introduction
1.1 Background
While communicating web authentication technology, QoE has been major issues on the performance
of network service. More precisely, it is often hard to correlate network- level quality of service to the
QoE perceived by users for any web application.
Ranking user perception itself is a complicated phenomenon which is influenced by different objective
(network quality, device capacity) and subjective parameters (expectations, emotion and location).
These parameters also help to detect service QoE degradation and suitable action to restore better
network quality. From the user point of view, users do not know what delay is but the users notice the
effect of delay in data network for network performance [2].
Research on the area of QoE for analyzing network performance has been done in different ways but
there is no much work on this area for comparative analysis of increasing and decreasing RTs. So, in
our thesis we aim to investigate the QoE estimation for increasing and decreasing RTs.

1.2 Motivation
However, defining and measuring QoE is a challenge and involve interdisciplinary research. There are
many influencing factors that come on the way when QoE is discussed. The ITU-T recommendation
G.1010 [9] states the parameters and how they affect user perception with regards to RT and packet
loss. ITU-T recommendation G.1030 [1] provides the result in reference to subjective responses from
different type of users for RT while they are having access to web browsing sessions. According to
ITU-T recommendation G.1030 [1], it also has been meaningful to understand the user expectation
and the service which user received QoS. Likewise, in G.1010 [3] a relationship between packet loss
and QoE, on user perspective by using MOS has been studied in the context of voice application. The
research is going on the area related to user perceived experience, quality issues and its application.
To the best of our knowledge, there are no study that compares the variations in user experience
between increasing and decreasing RTs with different participants. So, this topic has been the main
motive towards this thesis.
The main objective of our thesis is to evaluate user satisfaction level between increasing and
decreasing RTs of web login page. User perception is judged according to the service utility, the usage
of service by users. This usage might be influenced by network performance. If the users get better
service, it motivates them to use the service in future, if not they might give up service because of bad
network behavior which reduces service utility. Excessive waiting times imply the risk of users
7

leaving service. Hence service utilization and service performance are strongly dependent on each
other in the context of users [11].
In this thesis, our aim is to find the variations in user satisfaction level between increasing and
decreasing RTs of web login page, how it is subjectively ranked by the users.
This thesis presents the variations on the changing user behavior at different RTs and discusses the
correlation of the subjective grading of the login page by the users with different RTs. The hypothesis
that has been used in our research is: “variation of user’s satisfaction level for increasing response time
which can’t be same as variations in decreasing response time”. The scope of the research is limited to
the study of variations in two cases, one for increasing and decreasing RTs. We are supposed to expect
the following results.
1. How does user’s satisfaction level between increasing and decreasing RTs become similar in a
web login?
2. How does users’ satisfaction level become different for increasing and decreasing RTs in a web
login?

The organization of this thesis is as follows: section 1 includes introduction part and section 2 explains
the technical terms that are used during this paper. Likewise, section 3 describes the methodology of
the study which also covers the data collection, section 4 analyses the data (qualitative and
quantitative) obtained from the interview. Section 5 presents the discussion of the data analysis.
Eventually, section 5 shows the conclusion of the thesis and future work.
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2 Technical Background
2.1 Quality of Experience (QoE)
The concept of QoE refers to the totality of end user experience of the delivered service [5]. We
present another definition by the International Telecommunication Union (ITU-T P:10/G.100)
recommendation for QoE: “The overall acceptability of an application or service, as perceived
subjectively by the end-user” [6]. As far as QoE is concerned, Pearson states as the “user satisfaction
is the sum of feeling or affective responses to distinguishable factors of the computer based
information products and service that are provided within the organization” [15].
Several studies have discussed and evaluated user perception of web page and its downloading times
as QoE [11, 25, and 26]. The users of the web login page might think that the page is compromised if
performance is bad and bad performance leads to loss of users [18].
The internet users are increasing in an exponential way [16]. Nevertheless, some studies have shown
that the current service to users is not satisfactory from the user’s perspectives [22, 23] and this
situation is likely to redundant in the near future [24].

Quality is considered as the measurement of user satisfaction, and must be kept in assessing network
efficiency [7]. The current internet users are the number of users which demonstrates the user
perceived QoE is more important than any technical mechanism used inside the network for any
technical purpose [1].
Quality of Experience

USERS

APPLICATIONS

QoS

NETWORK

Figure 1: Relationship between user, application and network [1]

The impact of network performance is about the user perception which is associated with failure or
success of service. Service providers focus on specific network-level QoS parameters, like delay or
loss ratio, bit rates and jitter which are measured technically on network nodes but for the users
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perception, service performance is perceived in more subjective and non-technical terms regardless of
network nodes and devices. The users prefer to acquire service in desired time, more precisely on
reasonable RT. This subjective perception of the users is usually termed as QoE.
In recent years, regardless of the any type of service, QoE is acquiring mindshare. It belongs to the
overall experience users have when accessing and using provided service. Maintaining quality is the
job of any service provider to match the quality level according to their user’s expectation. The
commonly-used metric used to quantify the quality of particular pieces of the multimedia content has
been MOS, as the relative measurement used for the comparative measure of quality [8]. Even though
there are some other methods as well to estimate the QoE, like e-model [12], instrumental metrics
(PESQ) [13] and also neural approach [14] but they all are used to estimate for voice and video.
Subjective assessment is performed to rank the quality of web login with the help of MOS. In general,
subjective measurement belongs to the human perceptual quality.

Studies have shown that users get less interested using service along with the increasing RT. A user
browsing a web page notices a couple of 100 ms delay , get bored after around 4 s and after 10 s the
risk of user leaving service becomes high [27].

2.2 PHP
PHP stands for hypertext preprocessor and the main aspect is to construct web page creations. PHP
has established one of the most popular web scripting languages which have been installed on some 2
millions web servers, very short development times, platform independence and multiple data supports
[17]. PHP programming language is used to build web login page.
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2.3 Web Login Page
We created a web login page (constant user name and password) with time delay. The page used for the
experiments is shown below figure A. The delays that were added in the web login page were 0 s, 1 s, 4
s, 7 s, and 10 s.
Firefox was installed on the computer to record all details information of the time delay and web login
page loading. Then firebug gives all the RTs of the web login pages [20].

Figure 2: Web login page.

11

3 Methodology
This study used the measurement of RTs and user rankings to evaluate user experience. The
experiments aimed to provide quantitative results on visiting web login page.

A web login page was used to find out the user satisfaction level, the QoE, with regards to the RT.
For a web login page, the QoE is mainly affected by the delay of logged into the page. The MOS, a
numeric value between 1 and 5 were used during interviews.

Table1: Interpretation of MOS grades [10].

MOS

1

Interpretation

Bad

2

3

4

5

Poor Fair Good Excellent

3.1 Quantitative
Quantitative research is performed to compare and analyze the results obtained by conducting some
experiments, survey responses and interviews. By the following quantitative approach, it is better to
use quantitative approach rather than qualitative in order to compare variation of user satisfaction level
for increasing and decreasing RTs. By the following quantitative approach, exact numeric output
supports to compare our results in easy and systematic way [4].
For each delay, the time for starting and completing login page was recorded. From these, the total
time for completing page for each delay could be calculated, which is called the RT of the login page.
The RT for each delay is different for different pages. MOS is a mean value of the opinion scores
given by users. It has been applied in several studies before, amongst others to evaluate RT in a map
service [25], and to evaluate RTs of web pages [26]. Delay was generated on the web login page to
evaluate its QoE. The users rank the experience according to the MOS scale given in Table 1.
According to the MOS scale numeric values in between 1 and 5, representing 5 the best quality and 1
with the worst quality. Table1 is presented here recommended by the ITU [9].
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3.2 Qualitative
Qualitative research is all about exploring issues, exploring phenomena and answering questions.
Moreover, it is used to acquire insight of people attitude, motivations, behavior and concern of the
human behavior [4].
To validate our research, we conducted interview in the participation of users from different culture
and study background. Web login page has been showed to the users and its procedure about how to
login. Feedbacks, answers and suggestion getting from users were noted very carefully in order to find
out the user perception of the web login service itself and also to underline the result of the user
ranking.

3.3 Data Collection
Altogether 77 users participated in our interview. All users were students at BTH, representing
different nations, culture, with varying faculties of computer science, electrical engineering, software
engineering, and of ages between 20 and 35 years. Each user logged in to a web page with five
different RTs from 0 s, 1 s, 4 s, 7 s and 10 s for increasing and vice-versa for decreasing RTs.
Responses, feedback and ratings from users were written on the feedback paper by the interviewers
throughout the interview. Each user was given a laptop to a single user at a time. The same procedures
were applied to 38 and 39 users for increasing and decreasing RTs, respectively. But the groups for
increasing and decreasing RTs were different.

Users were unaware of the RTs settings on the web pages. To get accurate rating during interview,
psychological factors, like body language and limited verbal communications were considered
carefully by the interviewers. The interviewers noted users’ age, academic study level and nation on
the top of the feedback forms and gave ratings according to QoS, as the users perceived.
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4 Data Analysis
This chapter analyzes the data by different regression lines i.e. linear, exponential, power and
logarithmic.

Avgerage RT [s]

12
y = 1,0006x + 0,1042
R² = 1

10

8

6

Linear
4

2

0
0

2

4

6

8

10

12

Time delay [s]

Figure 3: Average RTs mapped to the corresponding time delay added in web login page with standard deviation.

4.1 Quantitative Analysis
We have plotted graph (Figure 3) in order to find out the RTs, brought in use to measure the
performance of web login for users. For RT, the total time of time delay created on the web login page
and the time for downloading web page, firebug keeps all the records of RT. Figure 3 shows RT for
the different time delays in web login test in this study. When adding a delay of 0 s, the average RT is
about 0.0956 s, similarly adding a delay of 1 s, 4 s, 7 s, and 10 s, the average RT is about 1.108 s,
4.4117 s, 7.106 s, and 10.107 s respectively. The standard deviation was calculated in order to see how
large the variation is for the RTs. The error bar of the standard deviation was plotted in Figure 2,
which is not visible. With the linear regression line, the values of the coefficient of determination (R2)
i.e. 1, from the Figure 3 clarify that RTs and time delay are almost similar. The value of R2 close to 1
indicates excellent correlation in between x and y values [19].
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Figure 4: Participants rating corresponding to increasing RT.

Figure 5: Participants rating corresponding to decreasing RT.

This Figure 4 and 5 show how the number of participants has given ratings to increasing RT and

6

6

5

5

4

4

Average OS

Average OS

decreasing RT. Users gave the ratings according to the service they perceived for both RTs.
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Figure 6: Average OS for increasing RT
with standard deviation.
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Figure 7: Average OS for decreasing RT
with standard deviation.

To see the variation in the grading, we plot the standard deviations for both increasing and decreasing

RTs and then plot those values. Here, y-axis represents average OS, and x-axis represents RT.

In Figure 6, which is for increasing RT, high variation is observed whereas for decreasing RT as seen
in Figure 7, the variation is lower. For exponential regresion line to both increasing and decreasing
RTs too, similar kind of graph is seen while RT increases then OS down and vice-versa. In increasing
RT, exponential is decaying more quickly (-0.12 instead of 0.08).

Figure 11 shows four different regression lines equations, derived from regressions of y vs. x (linear),
y vs. ln(x) (logarithmic), ln(y) vs. x (exponential), and ln(y) vs., ln(x) (power). In the web login test,
the linear and exponential regression lines exhibit the best fit to the data.
In Figure 8, it can be seen that OSs increase when RT decreases. In general, we found the poor MOS
ratings when RTs become 7 s and 10 s. Linear regression line has been the best to exponential,
logarithmic and power and exponential also close to linear regression lines.

Table 2: Regression lines with coefficient of determination (R2) for increasing and decreasing RTs.

Increasing♦
Regression Line

R2

Regression line equation

Decreasing♣
R2

Regression line equation

Exponential

0.6340

y = 4.821e-0.08x

0.523

y = 4.503e-0.12x

Logarithmic

0.5804

y = -0.53ln(x) + 3.915

0.545

y = -0.66ln(x) +3.405

0.414

y = 2.994x-0.25

0.608

y = -0.317x + 4.382

-0.16

Power

0.5050 y = 3.670x

Linear

0.6455 y = -0.257x + 4.708

♦
♣

Regression lines with coefficient of determination (R2) for increasing RT.
Regression lines with coefficient of determination (R2) for decreasing RT.
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y = -0.3176x + 4.3826
R² = 0.6455

y = 4.503e-0.12x
R² = 0.634

y = -0.661ln(x) + 3.4058
R² = 0.5804

y = 2.9944x-0.253
R² = 0.505

OS

4
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1
0
0
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Figure 8: OS for corresponding to increasing RT with

Figure 9: OS for corresponding decreasing RT with

different regression lines.

different regression lines.

From the Figure 9, it can be seen that OSs increase as soon as the RTs decrease. In this scenario, the
linear regression line is the best matching again though logarithmic and exponential were also found

similar, which can be seen in Table 2.
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RTs with logarithmic regression line.
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Figure 13: OS for corresponding to increasing and decreasin

RTs with linear regression line.

RTs with exponential regression line.

In power regression line, it is also seen OS depends on increasing and decreasing RTs if RT increases.
It is obvious that OSs decreases and vice-versa, such variations can be seen in Figure 10.

In Figure 11, the comparison of the logarithmic regression line for increasing and decreasing RTs
show almost similar coefficient, namely -0.53 and -0.66.

Users gave better ratings when RT was decreasing than they did when RT was increasing, the latter
can be seen in Figure 12. Normally, upto 7 s of RTs, there were not that much up and down in MOS
ratings.
By comparing the regression line for increasing and decreasing RTs. We obserbed a simliar variations
between the two regression lines. For all types of regression lines, linear regression line have the best
fit of the four regression lines. This is MOS ratings namely the QoE as 2 logging into page in between
7 s and 10 s of RTs .To conclude our data analysis, we can tell that the linear and exponential captures
the trend in the best way.
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4.2 Qualitative Analysis
Though our thesis is based on a quantitative research methodology. But the qualitative results during
the interviews are presented here, which play an important role in the results. Surprisingly, many of
the users were united in one point that they were happy user perceived of web login page of low RTs
between 0 s and 4 s, for both increasing and decreasing RTs.

The results were a bit different between the users, like one user said about RT of web login page “I
found all RTs similar, it did not feel me like it is too fast or too slow”. Some users graded 5 even for
RTs of 7 s and 10 s due to their previous experience of slow downloading web pages.
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5 Discussion
After analyzing all data and visualizing them as regression lines. The linear and exponential function
had the best fit, both with good correlation as seen in the previous chapter. As seen in Figure 11, there
are two different linear regression lines, which are neither overlapped nor intersected at any point. It
clearly indicates that the users’ satisfaction level is not the same for both increasing and decreasing
RTs. The null hypothesis of the thesis suggests that the satisfaction level of users between increasing
and decreasing RTs is same while logging into the webpage. In order for this hypothesis to be valid,
the linear regression lines for increasing and decreasing RTs have been very close to each other which
is not the case in Figure 11. Hence, the first expected outcome is failed.

The Figure 12 shows a linear regression line for decreasing RT is slightly higher than that for
increasing RT. Both lines are regressing from a high grade of OS to a low grade of OS when the RT is
increasing. This verifies that while RT is decreasing, the satisfaction level of users is increasing and
while RT is increasing for web login, the satisfaction level of users decreasing. This fact supports the
second expected outcome and makes it valid.
The result of this study can also be compared to the results of previous studies, such as [18, 20]. This
study indicates a threshold of 10 s was perceived the delay to be unacceptable by the number of
significant number of users. The users lost their attention at 10 s delay.
The results from the user experiment establish a direct relationship between the performance of the
web login page and the corresponding user ranking. This helps to understand the network performance
i.e. expected user ranking of web login page can be directly matched to QoE. However, there are
parameters that should be considered, as for example not only RTs and user satisfaction level but also
parameters which influence the user expectations, like the users different kind of previous background.

By analyzing all data for both experiments, it is found that during the web login, RT that the users
experienced previously influenced the users’ present ratings. When we conducted first experiment
with increasing RT, the ratings for 0 s and 1 s delays were almost similar. It started decreasing a bit
more than expected for 4 s delay and followed tremendously for 7 s and 10 s delay time. We get worst
rating for 10 s delay for increasing RT in web login. But the RT for web login, ratings were slightly
higher as compare to increasing RT. Even for 7 s delay, ratings were 3 which means fair. When user
experienced the better quality for the first time they expect it to be best next time around but even if
quality decreases slightly which are beyond their expectations that ends up with bad experience. When
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user experienced a bad quality i.e. high RT while logging into the web page, they don’t expect a lot
next time and a bit decreases in RT which makes them more satisfied as compare to first one. This is
how the previously experienced RTs can influence the present result.

During this work, we also have found that could be perhaps interesting, regardless of the type of
device, network access for used, given content, each person has some expectations. The level of
expectation varies among users, depending on the factors such as the money they spent for the service,
type of content being requested for using. If the users pay for the service they get, of course they
possibly expect better performance but if users get service in free then they don’t expect good
performance despite of experiencing higher RT i.e. bad quality [21].

Both graphs (Figure 10 and Figure 11) show the results between QoE (OS) and RTs (increasing and
decreasing). The user grading decreases continuously with increasing RTs on the login page. This tells
that the user experience is correctly predicted by observing approximated RTs ratio on the network.
The average is very good for 0 s and 1 s in both cases, users start ranking the QoE as 5 and 4 in most
cases and approaches poor while the RTs increases above 4 s. There is no variation for 0 s and 1 s of
both RTs showing the consistency in grading. After that, QoE varies randomly for other RTs which
results in increasing the gap between two linear regression lines. The latter implies that the service
provider should be careful when RTs start growing larger than 7 s.
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6 Conclusion and Future Work
This thesis presents the quantitative study of QoE, expressed in OS and QoS, expressed in increasing
and decreasing RTs on web login page. After doing user experiment, we came to the conclusion that
there is difference on users’ perceived quality while logging into the web pages for increasing and
decreasing RTs.
We have proven that the user’s satisfaction level is not the same for increasing and decreasing
RTs while logging into the web page. Our result shows the fact that satisfaction level of user’s
increases while RT decreases and vice-versa. The achieved OS were plotted corresponding to RT.
Exponential, logarithm, power and linear regression lines were plotted to find the best suited
regression to compare the results. We found linear and exponential regressions as best suited for both
increasing and decreasing RTs by comparing coefficient of determination R2 [19].
The main purpose of this thesis was to verify the fact that even after fixing the steady RT for each web
login pages, when different users login to the same page for increasing and decreasing RTs then their
satisfaction level vary each other. The results which we obtained from the interview follows the
previous studies such as [21, 18] and some more similar studies [11], however with different
parameters and time constants. Increasing and decreasing RTs found to be unacceptable of 10 s delay
at which number of significant users lost their patience on web login page. We experienced that the
duration of web login page with users notify that the RT accessibility changes over users expectation,
environment and time. That’s why, we got some variations in the results as well.
In decreasing RTs, user’s satisfaction level went up from lower quality to higher quality
whereas in increasing RTs, user’s satisfaction level went down from higher to lower quality. If the
service provider provides better service in the beginning but later on becoming worse then users get
frustrated and might leave to continue service as well but if the service provider provides the service
from lower to higher quality, users become more happier and continue service longer. RTs influence
the result, in simple words, whether to continue service or not. So, from service provider point of
view, we can tell that it’s better to face decreasing rather than increasing RTs for any users and has to
address the level of quality according to their user’s expectations. By observing our results, service
provider can deliver service according to the user’s perceived QoE value offered in web login page.
Then service provider should continuously monitor to maintain user’s satisfaction level by addressing
network challenge on time. Such type of estimation on QoE helps to rectify the performance problems
and timely work to meet user needs.
There can be further research on the same topic for random time delay. Nowadays, more users
perceived QoE experiments are being carried out over network traffic but further work is needed to
improve to user-level QoS issues for better network performance.
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