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ABSTRACT

Real-world usage of web browsing differs considerably from

typically employed laboratory tests on single or multiple page

views. Especially when using mobile devices such as smart-

phones or tablets, several sources of distraction are prevalent

while browsing. In the mobile scenario, users are exposed to

distracting factors like other people, traffic, announcements

etc., whereas at home parallel use of TV or radio services

might distract the user. To assess the impact due to con-

text and distractions, this paper presents two studies of web

browsing Quality of Experience. The studied factors of pos-

sible influence on QoE include one specific browsing task,

the environment and a dedicated distraction task. The results

show that, in contrast to ratings for multimedia sessions con-

taining audio, video or speech, QoE ratings for web brows-

ing are not affected by the considered contexts or distractions.

However, it was found that the primary task for the browsing

session had a significant influence on the QoE ratings regard-

less of the environment or distracting task.

Index Terms— Subjective Quality, User Study, Distrac-

tion, Web browsing, Load times

1. INTRODUCTION

In the past, the performance of web browsing and the under-

lying network was studied in terms of performance indica-

tors related with Quality of Service (QoS) such as through-

put, loss rates and loading times. In particular, current ap-

proaches to performance monitoring assess the time it takes

until a webpage is being fully loaded [1]. This so-called page

load time (PLT) has been shown to only partly match the users

’perceived page load time’. Here, the tasks that users under-

take are directly related to the perceived loading performance

based on the time at which specific task-related elements of

the webpage appear on the screen.

Since a number of years, the QoS-related perspective

has been complemented by the Quality of Experience (QoE)

perspective addressing how users experience multimedia ser-

vices and technology. Here, the loading of a webpage and

the perception of this process by a user has been taken into

consideration in QoE research. In large parts of the work to

date, the PLT has been used as the parameter to relate with

perceived quality (see e.g. [2]). More recently, starting from

loading patterns of one page only, the difference between

free and task-driven web browsing on QoE has been quanti-

fied [3], and first approaches to cover a browsing session that

consists of multiple page-loads [4] have been proposed. It

could be shown that the time at which relevant elements load

plays an important role for web-QoE.

QoE is usually studied under laboratory conditions, that

is, providing a controlled environment and repeatable set-

tings, so participants may focus on the presented stimuli or

session alone, and therefore give reliable quality judgements.

In real-life usage situations however, people typically do

not only focus on the stimuli and the quality judgment, but

split their mental resources due to environmental factors or

parallel tasks, for example triggered by intrinsic or extrinsic

factors, or due to specific habits [5]. For example, in mobile

situations or in open space offices, people need to react to

their environment and distinguish important from unimpor-

tant information while working. Another source of distraction

might occur due to parallel tasks such as talking on the phone

while writing e-mails or surfing the web while watching TV.

Especially, multi-tasking is quite common in entertain-

ment media usage. Brasel and Gips [6] showed in a labo-

ratory study on parallel use of TV and computer that media

switching occurs quite frequently. An average of 120 gaze

switches between TV and computer occurred with a focus on

the computer in 27.5 min. Participants however could not

precisely recall their behavior, i.e. they underestimated their

media switching frequency.

It has frequently been debated in how far “real” QoE in

real-life usage contexts with possibly multiple tasks and envi-

ronmental distractions may differ from QoE assessed during

laboratory tests with single tasks (see e.g. [7, 8]). QoE has

been recently distinguished from most quality tests in the lab

by referring to these as measuring “Quality (based on experi-

encing)”, in which test participants are focusing on the quality



evaluation task instead of the media usage experience [9]. In

this paper, we present our results studying the following re-

search question:

Does distraction lead to a less critical rating behavior for

web browsing quality with different page loading

times?

To address this question, we conducted two studies investi-

gating the impact of distraction, i.e. environmental and media

multi-tasking, on browsing session quality ratings under de-

layed loading of the webpages.

The paper is structured as follows: In Sec. 2, we provide

an overview of related work on QoE under different tasks and

distractions. The setup and detailed results of the two studies

are presented in Secs. 3 and 4, respectively. The paper closes

with a conclusion.

2. RELATED WORK

The influence of context or concurrent tasks on QoE and hu-

man psychophysiological perception in general is not novel.

Furnham and Bradley [10] showed that the distraction by

background music on primary task performance (here a learn-

ing task) is influenced by the personality trait of extroversion.

Extrovert persons achieve a higher performance in situations

with such distractions than introverts. Strayer and John-

ston [11] found that having a telephone conversation while

driving is distracting and yields negative driving results. The

parallel telephone task leads to a higher reaction time and

increases the miss rate of red traffic lights.

In the QoE context, quality frameworks such as [12] have

clearly identified and named these influencing factors. In [9]

Raake and Egger describe how contextual information and a

user’s goal do influence the quality formation process. Most

of recent QoE research has primarily concentrated on QoE as-

sessment approaches that preclude influence factors for sev-

eral reasons such as reproducibility and controllability of test

conditions etc.

In terms of mobile video quality Jumisko-Pyykkö et al. [8]

found that people are less critical under real-life conditions

compared to laboratory settings. The studied test environ-

ments included public transport as well as sitting in a café.

Ketyko et al. [13] showed for mobile video quality that the

perceived sound quality depends on the contextual location.

In addition, it could be shown that the self-reported focus of

a mobile user on the video content is influenced by the num-

ber of people around, with a higher number of people leading

to lower focus. For speech quality contextual influence fac-

tors have also been reported. Gros et al. [7] found that the

range of ratings on a quality assessment scale was narrower

in a laboratory than an outdoor environment.

Prior work on QoE assessment of web browsing so far has

omitted the impact of distraction on quality judgments. Re-

cent work by Strohmeier et al. [3] found a difference in Web-

QoE judgments for task-free and task-driven interaction with

a webpage. In the latter case, users tend to focus only on the

fastest path to solve the task and are therefore more critical

against high PLTs that delays their ability to solve the task.

In [4], Strohmeier et al. started to investigate QoE over mul-

tiple page views in one browsing session, focusing on the im-

pact of varying PLTs over several webpages. An overview on

influencing factors on Web-QoE as well as perceptual events

have recently been defined in ITU-T Rec. G.1031 [14].

3. EMPIRICAL STUDIES

We conducted two studies using a task-driven Web-QoE as-

sessment methodology as described in [15] and [4] to assess

the impact of distraction.

We used the task and system presented by Strohmeier et

al. [4] for both studies. The given task is to find the soccer

team of the week on a news website with four subordinate

webpages starting from the main page. In order to achieve

this, a participant has to navigate from the main page to the

sports section, then to the soccer subsection and select the

article about the team of the week. After clicking on the team

of the week article, a dialog box appears and the participant

is asked to rate the QoE in terms of loading performance for

the web session and to select the correct team of the week.

On each of the webpages only one element is active, in the

following denoted as the ’relevant element’, that is needed for

further navigation according to the task, e.g. the sports picture

as well as the associated heading ’Sports’. In addition to the

QoE rating we also measured the time between the simulated

page load starts and the relevant element is selected (click

time).

The implementation of the news site is based on the free

News Magazine template1. The manipulation of the loading

process was implemented using in-browser Javascript assign-

ing a load delay to each element individually. The webpage is

loaded from a locally running webserver and then the browser

is unhiding each element precisely at the pre-defined point in

time. The direct instrumentation of load times in the browser

made use of a network emulator for manipulation of page

loading behavior obsolet. Each of the four pages consists

of 11 elements where the load time of each element can be

definined for each condition. A screenshot of the main page

with an enumeration of the elements is shown in Figure 1.

In Study 1 we investigated passive distraction due to envi-

ronmental factors focusing on distraction introduced by usage

in the public transport system comparable to [8, 16]. In con-

trast, in Study 2 we introduced active distraction by adding a

second task that involves watching a video on TV in parallel

to the web-task. The second task also introduces visual dis-

traction as the visual information provided via video must be

processed. In both studies we applied a within-person-design

1http://www.os-templates.com/free-website-templates/news-magazine
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Fig. 1. Screenshot of the main page with enumeration of the

11 elements.

to study the difference between the QoE judgments with and

without distraction.

The two studies were conducted using a Microsoft Sur-

face Pro tablet with a 10.6” Full-HD display using touch-

screen input.

3.1. Study 1: Web-QoE in public transport

For Study 1 we used two common use cases of web brows-

ing: browsing at home on the sofa, and browsing the web

while commuting with public transport. For both use cases

the use of a tablet computer is assumed to reflect actual user

behavior. The technical solution of a local web server running

on the tablet allowed us to use an actual metro line in Berlin

for the commuting scenario. In this scenario the test super-

visor accompanied the subject and ensured smooth progress

of the commuting journey. In contrast, we used our lab fa-

cilities for the sofa scenario where the subjects conducted the

test alone in the room. Our assumption was that the highly

volatile environment in the metro would introduce a certain

level of distraction for the subject.

In this study the 11 elements to load were distributed

equidistantly over the complete PLT following [4]. In terms

of the element loading times we used two different temporal

positions of the relevant element. For the ’regular’ conditions

the relevant element appeared on the 5th position, whereas

for the ’delayed’ conditions the relevant element appeared on

the 9th position (out of 11 elements, cf. Figure 2). Through-

out the four consecutive page views of one task the temporal

position of the relevant element was kept constant. The PLT

used in this study were 2 s, 4 s, 8 s. Three web-task were

provided for training and 30 for each condition. In this study

a 5-point scale was used for Web-QoE ratings.

In total 25 subjects participated in the test. Their age

ranged from 19 to 49 years with mean age = 26 and median

age = 29. The subjects were recruited with the prerequisite

of having smartphone or tablet experience as we intended to

minize learning effects due to touch operation.
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Fig. 2. Position of the relevant element for ’regular’ and ’de-

layed’ loading strategies. The numbered circles correspond

to the respective elements in Figure 1 and the times t1,t2 etc.

denote the load times of the respective element.

3.2. Study 2: Web-QoE and television

In Study 2 the distraction due to watching a video parallel

to web browsing and the impact on the perception of loading

times was studied using the same web-task, system and load-

ing behavior as in Study 1. In addition, a video related task

was added that requires giving visual attention to the video:

count all visual cuts incl. scene transitions using a handheld

counter. Participants were especially instructed to watch the

video carefully and not rely on auditory cues for cuts.

The study consisted of two parts, one distraction-free and

one with the parallel task, allowing to check for intra-personal

differences each consisting of 10 web-tasks. The individual

PLT for each web-task was kept constant and was distributed

as follows: 2 s, 4 s, 8 s, 12 s, 16 s, 16 s, 12 s, 8 s, 4 s, 2 s.

We included the 16 s as we assumed a greater resistance in

case of the parallel task. This distribution was selected as it

covers a typical situation during usage: a network overload

situation occurs and is resolved after some time. In difference

to Study 1 the relevant element was shown as either the 8th,

9th or 10th element. In the web-only condition a pause of

10 s was applied between each task whereas for the parallel

condition the pause was approximately 2 min.

Study 2 was conducted in a laboratory with a living room

ambiente using a Philips Cineos (32”, 100Hz 1920x1680,



without Ambilight). As video content we used the movie

Océans (France, 2009), which is a documentation about life

in the oceans showing underwater as well as terrestrial scenes.

The video was cut down to 35 min by removing all arous-

ing or distracting scences, e.g. dying animals, but keeping

the original Blu-ray Disc encoding. Overall the study lasted

60 min including introduction, brief training and the two con-

ditions. To avoid order effects of the two conditions the order

was randomized.

We used three questionnaires, one to assess the Web-QoE

after each task, one after the web-condition and one after the

parallel condition. In addition, the NASA Task load Index

(TLX) without pairwise comparison [17] was applied after

each condition. For the quality ratings a 7-point continuous

rating scale [18, p. 19] was used. For this paper the ratings

are converted to 5-point scale using [19].

In total 17 subjects participated in this study. Their age

ranged from 21 to 39 years with mean and median of age =

26.

4. RESULTS

Within this section we first report on the results for Study 1

and then Study 2 followed by a discussion of the results re-

garding the research question formulated in Section 1 and fu-

ture work. Quality ratings are shown as Mean Opinion Score

(MOS).

4.1. Study 1

Within this study we varied three independent variables: PLT

(ranging from 2 s to 8 s), the position of the relevant element

(5th or 9th position) and the distraction level via the context

the subject was placed in (sofa and commuting on the metro).
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Fig. 3. Study 1: MOS for different PLTs and ’regular’ and

’delayed’ loading strategies.

The MOS for the independent variables are shown in Fig-

ure 3. In terms of different PLTs, significant differences for

the QoE ratings can be seen. This is also the case for the dif-

ferent loading strategies, where the ’regular’ loading strategy

yields significantly better QoE results. However, the hypoth-

esis that subjects are more tolerant towards load times in case

they are distracted, which in turn leads to less critical QoE rat-

ings, cannnot be verified within these results. The differences

between the sofa conditions and the commuting conditions

are not systematically different.

In order to identify if the users were not distracted enough

or just had the same perception of load times even with dis-

traction, we evluated the click times. The results are depicted

in Figure 4 and show that the subjects did not behave differ-

ently in the more distraction context.
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Fig. 4. Study 1: Click times for different PLTs and ’regular’

and ’delayed’ loading strategies.

Both gathered results failed in identifying differences

terms of page load time perception (QoE) and user behavior.

Also our qualitative observations of the subject overall behav-

ior while web browsing in the commuting scenario identified

no substantial differences between the scenarios. Overall it

seems that the commuting scenario did not introduce suffi-

ciently high distraction.

4.2. Study 2

As the results of Study 1 substantiated that the distraction

level in the commuting context was not high enough, we

opted for a parallel task for this study as described in Sec-

tion 3.2. In order to investigate the distraction due to the

parallel task we applied the TLX. The results in Table 1

show that the mental demand, temporal demand and effort

needed for the task completion increase significantly in case

the parallel TV task has to be maintained. On the other hand,

performance decreases for the condition with the parallel use

of the TV, whereas frustration as well as physical demand

remain very similar for both conditions.

The QoE rating related results are shown in Figure 5. Be-

sides the 2s PLT condition it can seen that the subjects rated



Browsing only Browsing with TV

Mental Demand 15.0 (13.5) 50.9 (19.6)

Physical Demand 8.4 (6.8) 13.8 (13.9)

Temporal Demand 18.4 (20.3) 35.88 (25.8)

Effort 13.8 (12.4) 40.6 (25.4)

Frustration 25.6 (24.1) 25.3 (23.8)

Performance 75.0 (26.6) 62.4 (15.5)

Table 1. NASA TLX results (mean and in brackets standard

deviation) for parallel and non-parallel condition.

less critical in case of distraction by the parallel TV task,

which supports our hypothesis from Section 2. The contrast-

ing result for the 2s PLT condition is related to the fact that

this condition appeared always as first condition in the paral-

lel task conditions. Therefore, the participants were very oc-

cupied with the parallel task. Due to this finding we checked

for order effects due to the fixed order of the conditions, but

except for the 2s PLT none could be found.
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Fig. 5. MOS for different PLTs and with (TV) and without

distraction (noTV).

For the click times results where even more pronounced

as Figure 6 shows. For all PLTs the click times for the parallel

use condition are significantly higher. This proves, addition-

ally to the TLX related results presented above, that the dis-

traction introduced by the parallel task was considerable and

influenced the user behavior.

4.3. Discussion

The results presented above show that the distraction levels

introduced in the two studies were considerably different. The

distraction introduced in the commuting scenario of Study 1

was not severe enough to even influence the subjects clicking

behavior. In contrast, the scenario of a parallel task involving

a second screen (TV) in Study 2 proved to introduce a con-

siderable distraction. The impact of the introduced distraction
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Fig. 6. Click times for different PLTs and with (TV) and with-

out distraction (noTV).

influences the click time behavior and leads to higher TLX

scores on mental, temporal and effort. In terms of acquired

QoE ratings, Study 1 did not show any significant differences

in terms of QoE for the two different conditions, hence not

supporting the postulated hypothesis. We believe that the in-

troduced distraction in the commuting scenario is not strong

enough to influence the Web-QoE ratings. In contrast, the

MOS results of Study 2 identified less critical QoE ratings for

the conditions in the parallel use scenario, which supports the

postulated hypothesis. Summarising, we acquired results that

partially support our hypothesis and found that commuting is

not as distracting with regard to Web-QoE as expected. Fu-

ture work should therefore ensure to quantify the distraction

level introduced by the scenarios and gather more QoE data

for service usage under distraction.

5. CONCLUSION

Previous work [3] on Web-QoE could show that the task has

an impact on the perception of Web-QoE. In this paper we

showed with Study 1 that the perception of loading time and

browsing behavior is stable against distraction due to envi-

ronmental factors like crowdedness. By introducing a second

simple task, which needs to be solved in parallel, we intro-

duced a more severe distraction source in Study 2. This par-

allel task influenced the user behavior as expected and also

influenced the QoE ratings such that subjects were less criti-

cal for these conditions.

In difference to previous results for video streaming, e.g.

[8] the environmental factors that caused a better perception

of video streaming QoE, are not holding entirely for Web-

QoE. In case of video transmission where visual errors can

be missed, if visual attention is not given to the playback de-

vice, the same does not seem on the same level to hold for the

judgment of loading times of a webpage. Further work is nec-

essary to understand the impact of media distraction, as well



as environmental distracting factors on Web-QoE. Especially

focusing on the mobile case were the network connectivity is

usually more problematic than fixed access connections.
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[7] Laetitia Gros, Noël Chateau, and Sylvain Busson, “The

impact of real environments on transmitted speech qual-

ity judgments,” in Proc. 1st ISCA Tutorial and Research

Workshop on Auditory Quality of Systems, 2003, vol.

April 23-25, Akademie Mont-Cenis, D–Herne, pp. 45–

50.
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