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Preface
The study presented herein is the result of a semester of research in the area
of Quality of Service at the Federal Institute of Technology. At its Computer
Engineering and Networks Laboratory, several groups are contributing to the
field.
As a part of my Masters degree, I’ve benefited greatly from working
on the project as it complements my earlier thesis in the departement. My
focus has already there been on the endusers of systems and the implications
on the development of new technologies. The thesis was written during the
winter term 01/02.
After an indepth study of literature and research in the area, hypotheses
were formed and an experiment designed. The test series were conducted
and the results evaluated.
I would like to thank my co-worker Philip Renggli for his support and
feedback during the thesis. I would also thank Alexander Braun and HansJörg Zuberbühler for their support and Prof. Dr. A. Kündig for his mentoring of the thesis.
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Abstract
Quality of Service for Multimedia Application is becoming more and more
relevant with the introduction of high-bandwidth services to networks. There
are several approaches to incorporate Quality of Service metrics into the
development of these new networks. While there are many technological
achievements in the area, only little emphasis is placed on studying the user
side.
A project at the Federal Institute of Technology in Zurich is trying to
provide a framework for user-based Quality of Service parameters. Within
this project this thesis elaborates on the effect of absolute delay on the perception of quality by users. This was achieved conducting an experimental
study.
The results indicate that perceived and accepted levels of delay are very
much dependant on environmental issues and can not be easily nailed down
to hard figures. Task, network-knowledge, type of interaction and communication patterns all influence the subjective perception of quality.
Perception thresholds for user perception in the two different tasks could
be found to be in the area of 900 ms. This value is very high compared to
other experiments in the field. The difference can most likely be accounted
to the difference in tasks tested.
It was shown, that network and computer knowledge has a significant influence on the perception of delay; participants with technological knowhow
perceived smaller delays.
Further testing with modified tasks and improved testing environment
has to be performed to maybe eventually arrive at the desired framework
for QoS Parameters.
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Zusammenfassung
Servicequalität für Multimedia Applikationen wird immer wichtiger; vor
allem im Hinblick auf die Einführung von bandbreitenintensiven neuen
Diensten in Netzwerken. Es existieren bereits viele Ansätze um Quality of
Service Metriken in die Entwicklung solcher Dienste einzubinden. Jedoch
sind es vor allem technische Erfolge, die Aufmerksamkeit erlangen. Relativ
wenig Beachtung wird dem Aspekt der Endbenutzer und deren Interaktion
mit solchen Systemen geschenkt.
Ein Projekt an der ETH Zürich versucht Rahmenbedingungen für benutzerbasierte Quality of Service zu definieren. Innerhalb dieses Projektes
untersucht die vorliegende Arbeit den Einfluss von absoluter Verzögerung
auf die Qualitätswahrnehmung von Benutzern. Resultate wurden mittels
eines Experimentes erhoben.
Die Resultate deuten darauf hin, dass wahrgenommene und akzeptierte
Verzögerung sehr stark von den Umständen abhängen. Dies führt zu der
Vermutung, dass die Definition von konkreten, fixen Werten für einzelne QoS
Parameter schwierig zu sein scheint. Art der Aufgabe, Netzwerkwissen, Art
der Interaktion und Kommunikationsmuster beinflussen alle die subjektive
Qualitätswahrnehmung.
Die Wahrnehmungsschwelle bei Benutzern für die zwei Aufgaben lag in
der Grössenordnung von 900ms. Diese Werte sind bedeutend höher als in
vergleichbaren Studien. Der Unterschied liegt höchstwahrscheinlich an den
verschiedenen Aufgabentypen, die verwendet wurden.
Die Studie konnte ebenfalls zeigen, dass Netzwerk und Computerwissen
einen signifikanten Einfluss auf die Wahrnehmung von Verzögerung hatte;
Testpersonen mit technischem Wissen erkannten tiefere Werte.
Mehr Tests und angepasste Aufgaben sowie eine verbesserte Testumgebung müssten durchgeführt werden um eventuell irgendwann am erstrebten
Regelwerk für Quality of Service Parameter anzugelangen.
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Thesis Description
Within the QED Project at the Computer Engineering and Networks Laboratory a multimeda platform is in use that allows the evaluation of quality
expectations by users. The system is geared towards interpersonal, multimedia real-time communication.

Tasks and Deliverables
Develop a suitable task for a series of subjective tests to research the influence of delay. Conduct a series of subjective tests under suitable conditions.
• First, shortly get to know the underlying system.
• Find out what conditions a suitable task for subjective testing has to
fulfill. Propose several tasks and test with one.
• Analyse the test results and make suggestions for further testing
• Elaborate on the benefits of enhancing the test environment with an
additional channel (i.e. shared workspace). Also state what would
have to be changed in order to enable this change.
The progress of the thesis, all findings and the achieved results / conclusion
should be documented in a lengthy report. In a 15 Minute presentation the
thesis shall be presented to a greater audience.
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Chapter 1

Introduction
Telecommunication frees communication of the restraints of physical presence. With the invention of the telephone by Alexander Graham Bell 1875
[23] it was all of a sudden not required to be physically located in the same
place with one’s communication partner anymore in order to hold a conversation. However, this new form of interaction also lacks a lot of the quality
of regular face-to-face conversations. The limitation to voice leads to a great
deal of information being missed. By definition, non-verbal communication
is very limited. Additionally, the voice is the only information carrier, so no
real world objects can be presented or visual cues transmitted. Explaining
the look and functionality of the new turbine or even just explaining the
functionality of a CD-ROM drive to a call-center customer can be a very
tedious exercise.
To overcome this limitation, inventors at major telecommunication companies very early came up with the idea of adding a visual channel to phone
communication. Bell Labs came up with the concept of a “Two Way Television” already in the 1920s [22]. It was later developed into “Picturephone”
by AT&T in the 1950s. Presented to the public at the 1964 world fair, the
critics were enthusiastic [16]. Snyder [35] predicted that 85 % of all meetings
would be conducted over video phones by the early 1970s. The impact of
this would have been enormous: Business travel could have been reduced
and therefore costs could have been cut. The oil crisis in 1974 further catalysed the idea of teleconferencing. Telecommuting seemed all of a sudden
possible. However, history tells us that this was not the case and that video
conferencing failed to be the breakthrough technology that was once praised
to make the world a better place.
There are several reasons for that: Apparently, not enough emphasis
was placed on how people actually communicate. Video conferencing was
viewed as a replacement for face-to-face communication - it never actually
was used in that way. In fact, business travel spendings increased rather than
decreased in companies that used video conferencing software [16]. Like the
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phone, video conferencing seems to be an added communication channel
rather than a replacement of an existing one. In this context, it seems only
logical to put the focus of research on two areas: Firstly, it is important to
know what the uses of this technologies really are and what specific tasks
require. Secondly, the technological requirements for the acceptance by the
end user need to be evaluated.
With network technology booming today, the demand for advanced network services like video conferencing is rising. However, bandwidth is not
abundant with new, very bandwidth expensive technologies pushing to the
Net; 76% of all bandwidth is used by multimedia communication nowadays,
eating away the ever expanding bandwidth available [13] . The notion that
at some point of time, bandwidth will not be a factor anymore seems questionable.
Networks have become an important and vital economic backbone to
society. With the dependance on networks and network services grows the
demand for quality mechanisms. Currently, networks are managed on a
best-effort basis, with Service Level Agreements only insufficiently and ineffectively trying to ensure a certain level of guaranteed quality.
Several approaches are pursued to solve this dilemma. The main idea
behind them is to provide a set of objective technical parameters that can
be used to compare and negotiate in a network.
In today’s world, a substantial part of communication over networks still
involves humans. Distributed Systems and agent technologies will certainly
decrease the percentage of inter-human communication traffic in networks
of the future, but the absolute amount of communication between humans
will also increase. It should therefore be a key issue of any discussion on
quality in networks to consider the end user.
The demand for Quality of Service requirements in multimedia communication geared towards the human users is therefore apparent. At the
Networks and Computer Engineering Laboratory of the Federal Institute of
Technology in Zurich, a project is underway that will provide such user-based
technical Quality of Service parameters. The idea is to create a framework
that can be used to benchmark new applications and to engineer networks.
Within this framework, multimedia communication plays an important role.
It is the aim of this thesis to assess absolute delay in video conferencing.
The thesis will provide delay requirements for video conferencing as well as
research the mechanisms that lead to user assessment of delay. The research
is carried out in a formal empirical study.
In Chapter 2 related work and previous studies will be analyzed. Chapter
3 will then explain the study setup and reasoning behind it, while Chapter
4 presents and discusses the results of the study. Conclusions are drawn
in Chapter 5 and further work as well as improvements for future tests are
proposed.

Chapter 2

QoS in Video Conferencing
Quality of service (QoS) is a very en vogue topic in today’s network community. The shortage of bandwidth and the ever growing economic importance
of networks like the Internet make companies and universities alike realise
that the current best-effort policy will not be able to sustain indefinitely.
Therefore great effort is put into developing schemes and mechanisms to
provide networks providers with efficient tools to employ differentiated traffic handling and the like.
While the technological discussion of how to implement such mechanisms
certainly is necessary, emphasis also must be placed on what these quality
parameters really are. Much of today’s and also of future network traffic
will involve at least one human interacting with the system. The goal of
every network provider or system developer should be to satisfy their clients’
needs. Surprisingly, not much research has been conducted in this area.
Questions like “What do users want? How do users perceive quality? What
are the dependant variables? What are thresholds?” arise. The research
done on a general level as well as specifically aimed towards the use of video
conferencing and multimedia application is summarised in this section. The
goal is to achieve an overview of current initiatives and to derive interesting
questions and hypotheses from that research that can be investigated further
within the scope of this thesis.
The conceptual model on user perception of quality proposed by Sasse
et al. will be discussed first. Following that, relevant papers regarding video
conferencing and the use of multimedia software will be presented.

2.1

The Conceptual Model of User Confidence by
Bouch/Sasse [29]

Sasse et al. of the University College of London have been doing quite
extensive research in the area of user perception and quality of service.
Their focus is to provide the network community with the groundwork to
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Bouch [4] found that users - especially novice users - will form conceptual
metaphors to relate virtual, computer tasks to actual, real-world tasks. The

Different loss patterns were generated on audio files, each particular level
interval was chosen so that the experiment could address a range of loss ra
familiarized with any particular rate. The samples were recorded using the S
saved as .au files. The .au headers were stripped with Sun audioconvert an
Participants were able to control the volume of the audio via the Robust Audi
To date, most studies on users’ perception of audio quality have relied
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levels of quality expected in the real world will then be utilised to compare
and judge quality levels and predictability on the Net. For example, email
delivery is compared to real mail delivery. Since no feedback is expected from
real world mail delivery, none is expected online either. Another example is
that for online telephony, only the quality known from standard phones is
expected and not Hi-Fi CD quality. Streaming radio on the other hand has
higher demands. For video conferencing that could mean that people will
most likely expect quality comparable to television in terms of video and
phone quality for the audio channel or even draw parallels to face-to-face
communication.
The strategies users form depend for one on the task at hand but also
on the expectancies based on the feedback received from the system [6].
The task and the semantics in which it is performed seems to be a very
important factor when it comes to subjective quality requirements [4, 39].
Several experiments carried out in the research community also indicate
that. Matarazzo [28] for example found that participants taking part in
a video conferencing trial rated their satisfaction under the same technical
conditions differently depending on the task performed.
Based on the conceptual model by Bouch and the stated research a first
hypothesis is derived from this circumstance:
H1: Acceptance level of absolute delay differs depending on the
task performed.
Bouch et al. also propose that the experience with the media and the
knowledge of the system has an impact on the tolerance and acceptance of
a certain quality.

2.2

The Nature of Video Conferencing

As stated earlier, video conferencing is often viewed as a replacement of
face-to-face meetings. However its continuous failure to do so indicates that
even though video conferencing is transmitting audio and video signal it is
missing that certain something that makes managers fly around the globe.
The differences and shortcomings of video conferencing compared to face-toface meetings and its advantages over and similarities to other technologies
like the regular telephone have been discussed in several studies [42, 31, 1,
17, 27, 11].

2.2.1

Face-to-face versus Video Conferencing versus AudioOnly

When comparing those three modes of communication, video conferencing
is believed to be somewhere in the middle between face-to-face communication and audio-only communication (i.e. telephone) when it comes to
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human-to-human communication bandwidth [27]. Human-to-human communication bandwidth can be defined as the amount of information used in
the communication between humans. However, all of the above mentioned
studies found that video conferencing is perceived to be much more closely
related to the regular audio-only telephone conversation than to face-to-face
communication.
Especially when it comes to task performance (which is defined as whether
a task is completed successfully and the time needed to complete the task),
neither Boyle [11], nor O’Malley [31] or Anderson [1] were able to show any
significant improvement from audio only to audio-visual communication.
This supports the thesis, that there is no real benefit for the performance
when adding a video signal to phone conversations. However, the tasks used
in those studies were also not designed to benefit greatly from video channels. Had other tasks been chosen, the results would most likely have been
different.
The benefits of video conferencing over audio-only lay therefore not in
the performance but in different areas. Isaacs and Tang [21] found that it
is mainly the altered communication process rather than the outcome that
are different. Whittaker states three hypotheses in [42] that elaborate that
statement, namely the
• “Non-verbal communication hypothesis”
It states that video supports the transmission of cognitive cues, turn
taking cues and social or affective cues. Cognitive cues are signals
that help the speaker evaluate the listener’s understanding (i.e. nodding, gaze, frowning etc.). Capanis [12] however found that there is
no significant effect on performance due to the added cognitive cues
via the video channel. This results have been replicated by various
other researchers (see [42] for a list of them). When it comes to the
management of the conversation, namely turn taking, there are mixed
results. There are various means on how to manage who is going to
talk, who is not etc.; syntax, body motion, para language innotation
are just a few. Frequently used are gaze and head turning. A video
channel would support at least gaze. Several studies have shown that
there are fewer interruptions in video conferences than in face-to-face
meetings and that there are more formal hand-overs. Also the time
one person speaks is longer. This is especially true in systems were a
delay is present [14]. These results indicate that it is harder to hold
conversations over video conferencing than in person. Other studies
[31] have found the contrary to be true. O’Malley did notice a significant decrease in back channels in a delay condition than a no-delay
condition, regardless of audio or video/audio setting. This indicates
that people will refrain from using back channels in order not to interrupt the already difficult conversation. Back channels are confirmative
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utterings like “uh”, “yes”, “hmm” etc. It seems that this could be a
valid variable to measure. Also, the number of turns and interruptions
have been found to decrease with added delay [30]. The explanation
for that is that the more delay is imposed, the harder it is to communicate. Therefore, it is essential to have a strict conversation discipline.
This results in longer turns per person.
We will look at interruptions in our study, therefore a further hypothesis is formed
H2: Interruptions decrease when the absolute delay of a
video conference increases.
If true, it would prove that absolute delay is an important factor in
the quality perceived by the user.
Social cueing can be defined as “cues that reveal remote participants’
emotional state or interpersonal attitudes which are manifested in facial expression, posture and eye gaze.”[42]. There is evidence that
there exists an advantage over audio-only conversations. Especially
for negotiation tasks or getting to know people, this is a definite benefit over audio-only conversations.
• “Video for connection and opportunistic communication”
In addition to the non-verbal communication, Whittaker states two additional applications for video conferencing equipment. The presence
of a video signal lets users quickly check the availability of a person.
Fish et al. [17] conducted a study where video conferencing software
was used during a two week period for informal communication. There
was a feature called “Glance” in the software that let the users quickly
check the availability of the other party (much like peeking into someone’s office on the way past). About one quarter of all communication
attempts were glances. There are obviously privacy concerns when
implementing such a glance feature into a work environment.
• “Video as data”
Further, Whittaker states an additional feature that has not gained
a lot of attention in video conferencing; the use of the video channel
to convey data. This appears to be a major benefit over audio-only.
Real live objects can be shown, sketches drawn and so on. One of the
key benefits of video conferencing over face-to-face meetings is that
participants can stay in their work environment with all the material
and objects at hand [21].
Isaacs et al. [21] list the following advantages of video over audio-only:
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• Expressing understanding
through non-verbal signals.
• Forecasting responses
also by visual cues.
• Enhancing verbal descriptions with gestures
• Conveying purely non-verbal information
• Expressing attitudes in posture and facial expression
• Managing pauses
participants see what the conversation partner is doing during the
pause.
A shortcoming compared to face-to-face communication according to
Isaacs is the managing of turn taking. He found that turn taking was more
difficult in video than face-to-face and there were fewer turns. This supports Hypothesis 2. Additionally, he found that controlling the floor, using
peripheral cues, having side conversations, as well as pointing and the manipulation of real-world objects were more difficult in video conferencing
than in real face-to-face meetings.

2.3

Relevant QoS Parameters in Video Conferencing

After discussing the benefits and flaws of video conferencing and presenting
an overall framework for the perception of quality by end-users, the report
will now focus on the actual parameters that can be used to describe and
control video conferencing.
When consulting the literature on the subject, there is a wide variance
when it comes to actually stating values for certain parameters. Delay,
jitter, synchronisation, bandwidth requirements are rarely ever found to be
the same. The reason for this can be pinned to the difference in tasks under
study. As Bouch and Sasse have found [9, 4] QoS requirements depend
to a large part on tasks. This once more supports H1. Nevertheless, a
categorisation of parameters shall be attempted and ranges stated.

2.3.1

Synchronisation

Multimedia conferencing consists of two major channels: video and audio.
In most studies investigating multimedia conferencing, the audio channel
is found to be a much more important information carrier than the video
channel [27]. As stated above, there is added information from the video
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signal. However, cancelling the audio signal has very severe impact on user
performance [42]. Tang et al. have found that it is preferable to have as
little delay as possible than to have video and audio synchronised [37].

2.3.2

Bandwidth

The bandwidth used in multimedia application is directly proportional to
the spatial and temporal resolution of the video signal (i.e. resolution and
frame rate) and the quality of the audio signal [18]. Apteker et al. have
conducted a study aimed at investigating user satisfaction and frame rate.
They found that the change of frame rate is more noticeable in certain types
of video than in others [2]. For example in video sequences that are quite
static, differences in frame rate were noticed more than in video sequences
that have high activity. They conclude that for a spatial resolution of 160
times 120 pixels, a frame rate of 15 frames per second was just acceptable. 16
frames per second is also the frame rate required for lip synchronisation[24].
Additionally, Watson et al. [40] found that at a frame rate below 5 frames
per second, users judged audio and video to be unsynchronised.
In terms of audio bandwidth, requirements highly depend on the application. Since users (especially novice users) compare quality with applications
known to them [9], phone quality will most likely suffice for regular video
conferences.

2.3.3

Jitter

Jitter is the variance in delay experienced by frames when passing through a
sequence of one or more pipeline stages [36]. In other words, if packages are
sent evenly spaced but arrive not evenly spaced, jitter results. For interactive
real-time multimedia, Bouch states a value of less than 200ms for Jitter [9].

2.3.4

Audio Packet Loss

Using appropriate repair mechanisms like LPC (Linear Predictive Coding)
for Audio, a packet loss of up to 40% can be tolerable. However, preferably,
as little loss as possible should occur. Up to 6% loss, no decrease in quality
is perceivable using LPC [19].

2.3.5

Absolute Delay

Absolute delay in video conferencing as well as in audio-only communication
has been studied extensively. Absolute delay can never be eliminated completely as it is given partly by the physical constraint of the propagation
of electromagnetic waves on the transmission media. However, normally
propagation delay is negligibly small compared to the overall delay. More
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Unit
CCD-Camera
Digitizer
JPEG-Encoder
Channel Buffer outgoing
ATM Wide Area Network
Channel Buffer incoming
JPEG-Decoder
Scaling and De-Interlacing
Graphic Card
Total

Avg. Delay
30ms
0
1ms
0.5ms
10ms - 25ms
0.5ms
1ms
24ms
7ms
≈75ms - 90ms

Jitter
±10ms
0
0
±0.5ms
<1ms
±0.5ms
0
±7ms
±7ms
≈26ms

Table 2.1: Absolute Delay and Jitter in an ATM based video conference
[33].
important are system inherent and compression delays. A packet based network for example only sends a package when its full, hence the time to fill
up a packet adds to overall delay. This is the reason why ATM, a protocol
that has been designed with multimedia applications in mind, only has a
relatively small package size of 53 bytes (48 bytes of data).
The pure packing and unpacking takes some time. IP networks in comparison can have packets as large as 63kB. Because of the enormous amount
of data for video transmission, video is normally compressed using an appropriate method. This compression and the decompression at the destination
also increases delay. There can also be synchronisation delays. Additionally,
the input and output devices require some time to capture an image being
transmitted. Last but not least, congestion or limited bandwidth can also
add delay to the transmission.
The delays in an ATM wide area video conferencing system are listed in
Röthlisberger [33]. Table 2.1 states the delay and the contribution of the
components. The listing shows that the most significant delay is due to the
technical restraints of the input and output devices. The 90ms maximum
delay are also not relevant anymore when looking at perceived delay; this
value is most certainly below the perception threshold of the human mind.

The question of how much delay is tolerable has been researched for
example by Wolf [44], Bouch [9], Isaacs and Tang [38]. However, the acceptable delays found vary greatly. While Isaacs and Tang propose a delay
of between 320ms and 420ms one way to be acceptable, Bouch demands
a delay no greater than 200ms one way. Wolf suggests video delay to be
acceptable at 420ms, though audio should not exceed 160ms delay. Various
other researchers have found delays of 200ms to 250ms to be acceptable for
delay in video conferences [36].
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Looking at these studies more closely reveals that the test designs were
mostly very different and the tasks performed varied greatly. The deviation
in results can therefore have two reasons: Environment and test set-up or
task variance. In order to test the influence of task, H1 was formulated.
Based on Sasse’s et al. model of user perception of QoS, it is also likely
that the acceptance level of absolute delay depends on the network knowledge of the people using it. According to Sasse et al., technically savy people
will tolerate greater delay than novice users. The test will try to verify these
results. However, perception of delay most likely is not influenced by technical knowledge since it is a physiological threshold. The following three
hypotheses therefore derive from that:
H3: The acceptance level of absolute delay depends on the network and computer knowledge of users.
H4: The acceptance level of absolute delay for users that know
how the underlying network technology works is higher than for
people who do not know how the system works.
H5: The perception threshold is not dependent on network knowledge.
None of the studies mentioned above have measured the length of delay
when users actually perceive a delay. Hypothesis four therefore states:
H6: The Perception level of absolute delay is lower than the
acceptance level.
and
H7: The Perception level of absolute delay is not task dependent.
This means that the range of acceptable absolute delay varies with the
task but that the perception level stays constant. If that hypothesis can
be proven, absolute guidelines for the delay on video conferencing can be
derived. Figure 2.2 shows some of the hypotheses graphically.
It is therefore also a question in the context to find absolute delay levels
in video conferencing.
Q1: What is the absolute delay perceived for the tasks performed?
and
Q2: What is the absolute delay tolerated for the tasks performed?

14
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Figure 2.2: Hypothesis: Acceptance Level is taskdependant, Perception
Level is not.
The study presented in this report tests the stated hypotheses and is trying to answer the formed questions. A link to audio systems can not yet be
presented. The hypotheses and questions were tested using an experimental
set up at the Federal Institute of Technology. The details of the experiment
are discussed in Chapter 3.

Chapter 3

Experiment
The goal of the study presented herein is to test the hypotheses stated earlier
and to investigate the influence of absolute delay in video conferencing on
the users’ perception of quality as well as their performance. In order for
this to be done reliably, a scientific experiment has to be carried out. Due
to the limited time and resources available, the experiment design proposed
is a trade-off.
The challenge primarily lays in controlling as many variables as possible
but at the same time create a realistic test environment and tasks. More
emphasis is placed on real-world test conditions than on controlling variables
(especially demographic variables of test subjects). Randomisation is used
to cancel eventual influences as much as possible. Also, in order for the
recovered results to be comparable to other studies, care has been taken to
conduct the study in a similar setting to other studies in the field.
The author believes that the obtained results will be valuable and valid
for the purpose of defining QoS parameters for the multimedia community.
Great care is taken in choosing an environment and tasks that are as realistic
as possible, to achieve as much ecological validity as possible while being able
to control as many variables as possible.

3.1

Test Objectives

The hypotheses to be tested are the following:
H1: Acceptance level of absolute delay differs depending on the
task performed.
H2: Interruptions decrease when the absolute delay of a video
conference increases.
H3: The acceptance level of absolute delay depends on the network and computer knowledge of users.
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H4: The acceptance level of absolute delay for users that know
how the underlying network technology works is higher than for
people who do not know how the system works.
H5: The perception threshold is not dependent on network knowledge.
H6: The Perception level of absolute delay is lower than the
acceptance level.
H7: The Perception level of absolute delay is not task dependent.
Additionally, the study will try to answer the following questions:
Q1: What is the absolute delay perceived for the tasks performed?
and
Q2: What is the absolute delay tolerated for the tasks performed?
These questions and hypotheses have been derived from previous research in the area (see Chapter 2). The goal is to contribute new facts
concerning QoS parameters in video conferencing to the community.

3.2

Methodology

The methodology for the test series is designed for maximum efficiency while
still maintaining statistical validity. Since three of the hypotheses deal with
task differences, care has to be taken in selecting appropriate tasks that will
be as close to real world applications as possible while still experimentally
valid. Test participant’s network knowledge should be different across all
the subjects and there should be no influence across tasks. The time for a
test session is limited, therefore an algorithm as efficient as possible should
be employed to find the perception and acceptance level of absolute delay.
This section discusses tasks, the experimental setup, test procedure as
well as user population and recruiting.

3.3

Variables

The dependent, independent and control variables are stated and discussed
first. Their discussion will provide the reasoning behind the test setup.

3.3. VARIABLES

Network and Computer Knowledge
High Computer and Network Knowledge
Low Computer and Network Knowledge
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Task One
15
15

Task Two
15
15

Table 3.1: Planned Distribution of Test Participants across Independent
Variables

3.3.1

Independent Variables

The independent variables in this design are for one the continuos values of
absolute delay imposed on the video conferencing sessions. The technical
details on how to control and change the absolute delay are discussed in
Renggli [32] for the technical details. A short description of the algorithm
used can be found in Section 3.3.3.
The second independent variable is the task performed. Two tasks will
be presented to the subjects, which are substantially different and require a
different kind of interaction. We therefore apply a within-subject design of
the test. The two tasks are discussed in Section 3.6.1.
Thirdly, computer/network knowledge will be an independent variable.
Hypotheses 4 and 5 demand this as an independent variable.
Due to the limited time resources for the thesis, we will not include
questions regarding audio only.
A matrix of the ideal test conditions is depicted in Table 3.3.1

3.3.2

Dependent Variables

According to Wilson [43], determining required network quality based on
subjective methods is problematic for several reasons. Users tend to accept
thresholds that are below the required levels due to contextual factors. The
problem lays in the fact that subjective assessment is cognitively mediated,
meaning that there inevitably is interpretation involved in the stimulus. For
that reason, subjective assessment - by its very nature - can not be used alone
as an objective and absolute means to assessing quality levels. However,
there is still important data to be extracted from subjective measures. Task
performance and user cost are argued by Wilson to be two additional tiers
on which to build a scientifically sound experiment. Task performance is an
objective measure but might be influenced by external factors as well and
not only by the independent variable (i.e. if a task can not be finished in
a given time limit, it might be because one of the participants has trouble
understanding the other participant’s dialect, and not because of the induced
delay). Good selection of test participants and pilot testing will help reduce
that risk.
Wilson suggests physiometric methods like heart rate or the galvanic skin
resistance to determine user cost. However, in the study presented herein,
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physiometric parameters were not used for different reasons. Firstly, the
equipment used to measure such parameters has to be attached to the body
of the participants - inducing stress. It is therefore difficult to set stress
and emotions apart. More time is needed to establish a base line and get
participants used to the environment [43]. Even then, the unusual situation
might make participants react differently than in normal life. Secondly, the
analysis of data is timewise expensive. The team would not have the time to
thoroughly examine the data. Thirdly, the team does not have experience
in using physiometric equipment; the value of possibly flawed data is questionable. To nevertheless ensure as much objectivity as possible, different
measures to collect user cost data will be put in place. The observation of
participants and their behavior can also indicate on their coping with the
system.
O’Malley has found [31] that there was a significant increase in interruptions in video conferences compared to audio only communication. This
contradicts other findings by Boyle [11] and Anderson [1] who showed a decrease or no change in interruptions. In this test, we will try to validate one
of these findings.
Dependent variables, the variables that were measured, are therefore the
following
• Subjective Perception
During the test, users were asked whether they noticed any delay during the task performed. This is a dichotom yes/no question. Technically this is done using a pop-up window on screen.
• Subjective Satisfaction
If users noticed delay, they were asked whether the delay was still
acceptable or not. This is a dichotom yes/no question. Once again,
pop-up windows were used to evaluate this question.
• Subjective Assessment and Opinion
Before and after the test series, users will be asked about their expectations, their opinion and the state they are in. The results can hint
towards acceptance levels and the overall feel of the system. It will
allow for a qualitative analysis of the system and provide us with data
on overall system perception by users. It also is used to vent eventual
frustration and discuss the experience with the test participant.
• User Cost
Measuring user cost based on physiological responses is hard. Even
the proposed counting of interruptions is problematic, mainly because
of the short intervals used in the test setup. Interruptions and other
speech indicators are counted during the test by the test observers.
Eventual uncertainties are noted and can be verified later on the
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recordings. It is necessary to have a dedicated observer for each test
participant in order not to miss any back channel utterances, interruptions or turns taken. In order to ensure objectivity and comparability
of results, the definition of utterances must be made clear prior to the
test sessions. This will be done during the pilot tests.
Due to limited resources, the experiment will focus on only a few possible characteristics of interaction that come out of O’Conaill’s classification [30]:
– Backchannels
short feedback utterances, produced by the listener to signal attention like “mmhm”, “jawoll”, “ok”, “ja”. It is expected that
with longer delay, backchannels will decrease.
– Interruptions
simultaneous speech without the speaker either handing over the
conversation or finishing her veto. A decrease of interruptions in
delay conditions is expected.
– Turns
Taking turns is expected to be lower the higher the delay is and
turns are then longer as well.

3.3.3

Finding Acceptance and Perception Levels using PEST

To find perception and acceptance levels of delay, the PEST algorithm is
used. PEST stands for Parameter Estimation by Sequential Testing. The
idea behind PEST is that a threshold is approximated using a logarithmic
estimation model. In our test this means that users were confronted with a
delay. If they noticed it / were disturbed by it, the next delay in the series
was going to be smaller (calculated using the logarithmic algorithm), if they
did not notice anything / were not disturbed by it, the next value was higher
than the proceeding one. Ideally, delays will converge towards a threshold
value. A more detailed discussion of Best PEST can be found at [26]. For
details on the implementation used in this experiment, consult Renggli [32].

3.3.4

Control Variables

Variables to control theoretically include everything but the dependent variables [15]. Controlling all factors is virtually impossible in the real world
and also limits the generalisation of the results. However, scientific validity
is more endangered with every non-controlled variable. For the study at
hand, it was decided to be important that the focus was put on the subject
of study (namely absolute delay in video conferencing) in a more holistic
way. Not the value of delay as such, but the acceptable or perceived level
of delay in a realistic setting is what is of interest when developing real
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world applications. Through the implementation of the three tier measurement architecture as proposed by Wilson, the team is also confident to reach
meaningful results.
Also, due to the relatively large number of subjects and the diverse
recruiting strategy, a gaussian distribution for demographic variables is expected. To answer the questions posed and validate the hypothesis, there
are two demographic dimensions that will be controlled. For one, it was
planned to recruit only participants who are medium to strong extravert
according to the Myers-Briggs-Type-Indicator [3]. It is argued that because
the tasks performed will be interactive, rates of successful test series are
higher when extravert people are performing, since there is less inhibitation
when talking to strangers, as proposed in the next section.
The age group is aimed to be between 20 and 40 years old, since these
are people who would normally use video conferencing software in the real
world.
The environmental variables, will be kept as constant as possible. Also,
care will be taken for the two locations where the participants sit to be
as similar as possible to exclude environmental influences. Especially the
lighting conditions, temperature and infrastructure should be as similar as
possible. Time of test time will not be controlled to be able to ensure a fast
completion of the 30 test series. However, in the pre-test questionnaire, the
general state of the participants will be assessed.

3.4

User Profile

For statistical validity, at least 10-12 participants per test condition are
needed [34]. The goal is to recruit 15 test participants per condition and
to randomly assign them to teams of two. Because we are using a withinsubject test design (Task one and two are performed by all teams) it leads
to 30 participants and 15 tests. Expecting a no-show rate of 10%, 2 test will
not be able to be carried out. However, the test will have back up people
available on a short notice that could fill in. It is further assumed, that 10%
of the test results have to be excluded for procedural reasons. Therefore, in
worst case, 2 series have to be excluded from the results, which means the
results of 4 participants. If they are equally distributed among the groups,
we will still have 11 valid test series per condition which still is a scientifically
sufficient sample size.
Based on the above held discussion on the demographic control variables,
the subjects are chosen out of a general population that has the following
characteristics:
• Between 20 and 40 years old
• extravert
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Figure 3.1: Screenshot of Internet Registration Form
• half has good computer/network knowledge
• half has basic computer/network knowledge

3.5

Recruiting

The recruiting of the test participants was done through several means.
Notice boards were used. However, the return rate from that is not exceptional. Participants were also recruited in lectures / classes at the KME
Zurich (Kantonale Maturitätsschule für Erwachsene). At the Department of
Electrical Engineering, an ATNTN network message was distributed to all
students and advertisment for the tests was done in several lectures. Especially at the Federal Institute of Technology, the team recruited many of the
computer literate people. The KME provided the test with a wider variety
of participants in terms of sex and age.
The actual signing up was done via phone or the Internet. A special
website was be put online that permits online registration.
The Internet recruiting questionnaire is shown in Appendix A. It consists of two parts. In a first part, demographic data is gathered and the
extraversion of the applicant is evaluated using the relevant questions out
of the MBTI, in a second part, users could choose suitable test dates (See
Figure 3.1).
Participants will be reimbursed with CHF 30 for the 1.5 hour test series,
which will lead to a projected budget of CHF 30 * 30 = CHF 900 for incentives. Recruiting took place in the weeks before Christmas and after the
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holidays.

3.6
3.6.1

Test Design
Tasks

One of the most crucial points for the validity of the study is to find adequate
tasks. As shown in Chapter 2, depending on the task, great variances in
the assessment of acceptable delay are found. It should therefore be a key
requirement to find tasks that can be performed in short intervals for greater
amount of data, that are likely to lead to good results, do not need elaborate
instructions or great previous knowledge, do not depend on demographic
characteristics of the participants (i.e. IQ, education, culture, sex etc.) and
that on top of it all can be compared across dimensions and ideally also with
other research done in the area.
Literature states many different tasks which have been used in video conferencing experiments from jigsaw puzzles [27] to regular conversations [14].
In order to systematically define an appropriate task for our experiment, a
classification of tasks is required. To the author’s knowledge, no such framework has been compiled as of yet. Hans-Jörg Zuberbühler is currently trying
to create such a classification. For this experiment, a simple classification is
used (partly derived from Fish et al. [17]. It is assumed, that a video conference is conducted for either formal or informal communication. We are
only looking at formal communication, where possible forms of interaction
are negotiation, collaboration, information exchange, instruction giving etc.
Of all these different classes, we look at negotiation and collaboration (See
Figure 3.2).
Two tasks that were used repeatedly and were considered for the experiment are discussed in further detail.
The Map Task was both used by Boyle in their 1994 tests and O’Malley in
1999. The goal of the task is for one person (the information giver) to explain
a route to the other person (the information follower). Both participants
have a map depicting the same area. However, the two tasks are slightly
different (landmarks are missing, different scale etc.). The information giver
has the route marked on her map, the information follower is required to
mark it on her map. Performance can be measured in time to complete and
success or failure to complete the task. The deviation in the maps provoke
interactivity. However, for video conferencing there are a few flaws in this
task. Firstly, the task is very uni-directional. While there is interaction,
they are only of confirmation interest. No actual discussion will take place.
Typical tasks for video conferencing however is group collaboration, team
work or meetings. This task does not reflect that adequatly. Also, the video
channel only plays a subordinate role. This is also reflected in the results
of the studies. Both found the audio channel to be overwhelmingly more
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Figure 3.2: Possible Classification of Tasks in Video Conferencing
important and also found that there was little benefit from adding the video
signal. For the test proposed herein, the Map Task is therefore not ideal,
even though it would permit one-to-one comparison with previous results.
The Map task simulates collaboration. In this test series, we will use
a task of building LEGO Models. The procedure is very simple: Each
participant has a LEGO model and the instruction to the partner’s model.
The goal is to complete the two models within the given timeframe of 15
minutes. First one person gives the instructions, then after completion of
the model, roles are switched. The advantage of this task over the Map
Task is that the visual channel is more important (showing building blocks,
haptive task). Also, because the roles are switched, there will be more equal
collaboration, which leads to better data. LEGO is a widely known system,
so people of this culture most likely know how to handle the blocks and
read the instructions. This lowers the demographic bias. Also, it is fun to
do and motivating, as in the end there is an actual physical output to the
task. Performance measure is the completion of the task within the time
limits.
Anderson et al. discuss a task that simulates the construction of a travel
itinerary [1]. They call it the Travel Game and it consists of making decisions
on a travel plans depending on information obtained from the “travel agent”.
The goal is to optimize the itineraries. Anderson’s test up was so as that
the travel agent was a member of the research team to ensure the same level
of support. Since the test set-up proposed in this experiment consists of two
test participants per session, there will be no independent travel agent. To
nevertheless ensure objectivity to the greatest possible extent, we will keep
the information as simple as possible. The author has slightly modified the
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task to fit into the test design. For example, no shared workspace as in
Anderson’s setup was used. The rules of the game stay the same.
The exact wording of the task can be seen in the Appendix C. The task
has been chosen as it is high in interaction and has been tested before. Also,
it is different from the LEGO Task and places more emphasis on negotiation.
This difference will also enable testing of H1.
For both tasks, the video camera needs to focus not only on the face but
needs to have a wider capture, so that items can be shown.

3.6.2

Pre-Test Questionnaire

The Pre-Test Questionnaire asks questions on the participant’s computer
knowledge as well as their current state. The purpose is to be able to
classify the test participants according to the dimensions set above. See the
Appendix C for the full version.

3.6.3

Post-Test Questionnaire

After the test, a more elaborate questionnaire is presented to the user asking
him about his/her experience with the test. Detailed and also emotional
feedback is gathered for further evaluation later. See the Appendix C for
the full version.

3.6.4

Test Environment

The test environment is set up to provide constant yet realistic conditions.
Two participants will be tested simultaneously while two observers observe
them in a third location. The two subjects are left on their own in two
separate locations.
The two locations have similar lighting conditions, the same temperature
, similar size and equivalent technical equipment consisting of a monitor,
the Kubus used for the transmission of the signal, a digital video camera, a
microphone and a 21 inch screen. The video connections are set up by the
test administrator prior to the users entering the testing area.
The users see their image as well as the image of the test partner on
screen. The image sizes on both screens and for both images are the same.
So is the volume of the voice channel. Addinionally, the subjective quality
interface is present on screen. Figure 3.5 shows the actual setting at one of
the test places.
The test observers can observe the users from a central location.
The floor plan of the testing facility is depicted in Figure 3.3. Each of the
Workspaces accomodates a so called ETHMICS Kubus (Which contains the
ATM Transmission Hardware, as well as a built in Macintosh Computer),
a monitor, a camera, a microphone and the ETHMICS video conferencing
system developed at the Institute [33, 20]. The workstations are connected
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Figure 3.3: Floor plan of the Test Facilities
to each other via fiber. The fiber also passes through ARES, a component
that can buffer data for a certain period of time and therefore acts as delay
inducer [25].
The control Mac sends instructions to set the delay to ARES. It is also
connected to the workstations. Between the workstation and the control
mac, a UDP based client/server application periodically asks the test participants whether they have noticed delay and if so whether it was disturbing.
The values are sent back to the control Mac that calculates the next delay
and consequently sends the instructions to ARES.
The video signals from the cameras are additionally displayed on two
monitors in the observation area. The two monitors are filmed by a digital
video camera and the movie is saved directly onto a hard drive. Later, the
dated is encoded into MPEG 2 and burnt on a DVD.
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Figure 3.4: The wiring of the test equipment

Figure 3.5: One of the two workstations.
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Figure 3.6: The observation and control area.
A more detailed description of the test environment is stated in [32].

3.6.5

Test Procedure

• Introduction - Duration: 10 Minutes
The matchings of two participants are done randomly. The two test
participants are introduced to the observers and every other person
present at the test. This is done on a round table to create a relaxed
atmosphere. Participants are offered beverages. The test environment
is explained to them and a small demonstration is shown. The tasks
and procedures are explained in detail. After a few practice tests, the
users are sent to their workplaces. They are then asked to complete a
small tutorial. This ensures that the participants have the same and
adequate knowledge of how the system works. After that they are
asked to complete the pre-test questionnaire.
• Task One - Duration: 30 Minutes
Following the completion of the questionnaire, the first task is performed. The order of the two task is random (within-subject design
with randomisation). Also randomly assigned is who will be responsible for the setting of the absolute delay during the task.
Two boundaries are tested during 20 minutes; there is for one the
perception threshold and secondly the acceptance threshold. This is
done as follows: At the very beginning an anchor sequence is performed with no absolute delay. The participants are told that there
is no delay during this sequence. After that, both thresholds will be
determined using Best PEST (see Section 3.3.3 for a description of the
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algorithm). After one minute, both users are asked whether they noticed any delay and if so whether the delay was acceptable. This data
is then automatically assigned to the relevant data set. There will be
7 measurements for both perception and acceptance threshold. The
judgement of only one of the two participants will be used to adjust
the absolute delay according to Best PEST.
A series of tests like this leads to 14 measurements for both perception and acceptance and therefore will also lead to an approximated
threshold value for the two subjects.
After the completion of the task, the users are asked to complete a
post-task questionnaire.
• Task Two - Duration: 15 Minutes
Same procedure as for task one.
• Post-Test Procedure - Duration: 20 Minutes
After the completion of the two tests, The two participants are asked
to fill out a more in depth post-test questionnaire. This will take
about 10 minutes. After that all the involved people meet again to
discuss the experiences during the test. This session is also recorded
on video. The focus is on the emotional level. They need to be able to
express their experiences with the system and possible improvements
etc. After the discussion, the participants are thanked and given the
reimbursement.

Chapter 4

Results
The test series was carried out between January 21 and February 2, 2002 at
the facilities in the Federal Institute of Technology’s Department of Electrical Engineering’s main building in Zurich. 52 participant were recruited for
the experiment, there were 3 no-shows and one pilot test participant, which
results in 48 participants actually taking part in the experiment. The experiments were administered by Glenn Oberholzer and Philip Renggli. Glenn
Oberholzer acted as main test administrator and consequently also did the
introduction and explanation of the environment. Philip Renggli was responsible for the technical aspects of the system and also for the logging of
the delays. Both Glenn Oberholzer and Philip Renggli observed activities
of the two participants and systematically gathered the before mentioned
indicators. Alexander Braun was mainly responsible for the recording of the
sessions.

4.1

Demographics of Test Participants

The prerequisites for the experiment were that the participants were able to
fluently communicate in German. All 48 participants fulfilled this requirement. Only two people did not state German as their native language and
even these two were able to converse freely in German.
The participants were between 19 and 28 years old. The average age is
23 years. 35 or roughly three quarter of participants were men and 13 or
about one quarter were women.
With regards to network and computer knowledge, 58% of the participant stated to have low to medium computer knowledge and 64% rated
themselves accordingly in network knowledge. The participant who rated
themselves to have either high computer or high network knowledge (and
also proved this in the answers given in the test questions later) were considered to be in the expert group. The distribution across the test conditions
is stated in Table 4.1.
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Figure 4.1: Age Distribution of Test Participants

Network and Computer Knowledge
High Computer and Network Knowledge
Low Computer and Network Knowledge

Task One
20
28

Task Two
20
28

Table 4.1: Actual Distribution of Test Participants across Independent Variables
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Most people (all but one) did not know how a video conference actually
works on the technical level. However, two thirds claimed to at least know
the basics. Asked about their expectations for video conferencing, out of
the 37 answers, 7 stated that they expect video conference to be of similar
quality to a face-to-face meeting and an additional 4 compared it to phone.
This means that almost one third of participants compared the technology
to existing or known means of communication without being asked explicitly,
supporting Watson’s theory [41].

4.2

Task dependance of delay perception and acceptance

The accepted delay as stated in H1 was much higher than expected. Based
on similar studies (see Chapter 2) the author assumed an acceptance level
of delay between 500 and 700 ms one way absolute delay. After a few tests
it became clear that the acceptance level under the performed tasks was
much higher than the anticipated values. The test team decided to adjust
the system so that it would be able to induce up to 1400 ms one-way delay
and risking to have to exclude the already gathered data. This was achieved
using a switch that basically fed the signal twice through ARES, hence
doubling all delay.
Surprisingly, even 1400 ms one-way delay was not classified as disturbing
by more than half of all participants in the LEGO task and by almost two
thirds in the travel task. These results were achieved using PEST algorithm.
Looking at perception even, the thresholds were in the 800ms to 1000ms
range which is more than double the delay perceived by participants in
other studies. A possible explanation for this phenomenon is that the tasks
were not highly interactive.
Both the LEGO task and the travel task do not require a lot of fast
interaction. Looking up flights and finding/positioning the LEGO blocks
requires a processing time of several seconds. It is therefore assumed that
even a delay of almost one and a half seconds one way does not lead to
an unnatural conversation pattern, as no immediate feedback is expected.
Additionally, most participants did not know their test partner beforehand.
A high percentage of participants therefore also mentioned in the discussion
and the questionnaires that they often did not know whether actual delay
was induced or whether the other person was just a bit slow. This despite
the fact that all participants were shown a 1400ms delay at the beginning
of the test that in an obvious manner demonstrated the presence of delay
uner certain conditions.
It is therefore argued, that for not highly interactive tasks, absolute delay
can be as high as 1500ms without influencing the user’s subjective acceptance of it. This does most likely not apply conversations, job interviews
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etc. over video conferencing, as there also backchannels become more and
more important.
The fact that only 1400ms of delay were induced also leads to some
difficulties evaluating the results. We will make certain assumptions when
discussing the statistical evaluation of the test.

4.3
4.3.1

Qualitative Findings
Travel Task

The comment that was most made by test participants about the travel task
was that it did not require the video channel provided. Most participant
noted that the task can be performed equally efficient over the phone. Some
participants said that they hardly ever looked at the screen because they
were too busy finding places on the map or in the timetable. In fact, some
participants would have preferred the phone over conferencing, because they
would not have to worry about appearance.
This supports the earlier comment on the questionable appropriateness
of this task when differences between audio-only and video mediated communication are studied.
Delay did not seem to affect performance substantially. The nature of
the task does not require frequent and immediate backchannels or feedback.
Quite a frequent effect in delay conditions was that information was repeated. That occurred mostly when the information giver spontaneously
gave the information subsequent to a previous information block and the
information receiver requested that second block separately. Example: A:
“So we are going to Las Vegas now” - short pause - B:“ok. So when do we
get there” “and get there at 9:30am” - pause - A: “ at 9:30 am” - B: “I heard
that already”
Apart from delay, many participants mentioned that they would have
faxed the map and/or the itinerary to the other party to ease communication or to shorten the session (“they could do the planning themselves”).
Some participants found it tedious to explain everything. This indicates the
possible usefulness of a shared workspace.
However, most participants were able to communicate easily during the
task. The most relevant parameter influencing performance was not delay
but the personal knowledge of geography and the flair for organizing things
and looking up information in timetables.

4.3.2

LEGO Task

The LEGO Task definitely required the video channel for good performance.
However, the task itself was pretty one-sided with the information giver
doing most of the talking and the builder just following instructions. It

4.4. QUANTITATIVE FINDINGS

33

showed that the feedback was more important to the information giver and
that these were also the roles were delay was most noticed.
Also with this task however, delay was noticed at higher levels than
recorded in literature and the maximum delay of 1400 ms one way was often
not found to be disturbing.
Several participants noted in the post-test questionnaires that they would
have faxed or e-mailed the plan to the participant. Here as well, a shared
workspace would have been favourable and would have enhanced the communication experience for the participants.
Task performance was once again mainly influenced by the participant’s
experience with LEGO and their ability to explain efficiently.

4.4
4.4.1

Quantitative Findings
PEST as algorithm to determine thresholds.

The experiment proved the PEST algorithm useful in determining the perception threshold. However, when determining the acceptance threshold,
the results were less clear due to two reasons: Firstly, the delay induced
was a maximum of 1400ms. Most people did not find this delay disturbing.
Operating at the top limit of the scale, the algorithm did not deliver satisfactory results. The reason for not inducing more than 1400ms into the
system was that of comparability of results. Because of the limited pilot
testing, the team went into the actual testing with 700 ms. After the first
few sessions it became clear that 700ms was too low even for perception
threshold which led to the decision to double the induced delay. In order
not to lose even more data sets, the delay was left at 1400ms despite the
fact that it was still too low.
Another finding was that the acceptance of delay greatly depended on
the state the task was in. High delay was found unacceptable mostly in
stressful situations while the same delay did go unnoticed in more calmer
situations.
Working with the PEST during the experiments, the team also experienced several difficulties with it in the given setting. For one, it was a
common pattern, that delay was not noticed in the first few minutes, regardless of the length of it. The PEST algorithm therefore assumed a high
threshold and therefore targeted a high level of delay. Due to the nature of
the algorithm, it was subsequently very hard to bring the level down, even
if later in the experiment, participants repeatedly noticed the delay.
Also, there were only had 7 data points per PEST run. This is a very
limited set of data, and it was often found that PEST could not would
approximate a threshold with such limited data. Only looking at the last
few values could therefore be misleading.
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Method
PEST
Holistic Eval

Perception Map (ms)
959
860

Perception LEGO (ms)
957
912

Table 4.2: Means of Perception Thresholds

To compensate for this problem, the team has analysed the data in a
more holistic way looking at all data points and deriving the perception
threshold in a different way. It was assumed, that the perception threshold
does not change over the period of the experiment (except for the general
non-observance of delay in the first few minutes of the session).
The analysis of the data was then done using the following guidelines:
• Obvious outliers are eliminated.
• There need to be at least 3 data points where delay was perceived by
the participants.
• If the participant did not notice any delay for higher values than the
ones he did notice, care should be taken when analysing the results.
If there are twice as many not-noticed points that are higher than the
noticed points, the data set is discarded.
• If it is a valid data set, the mean of the clustered points were delay was
perceived and of the highest non-perceived points that are still lower
than the perceived ones are taken. The mean of those two means
represents then the threshold.
A third way of determining the perception threshold would be to use
psychometric functions. However, because of the limited data set and the
refraining from using a two alternative forced choice test design, the data
was not good enough to perform this analysis.
The means for perception levels of the two tasks are stated in Table
4.2. A One-Sample T-Test against the means reveals that the values are
insignificantly different for both evaluation methods. Therefore, one can
conclude that the perception level of absolute delay is not task-dependent
and that Hypothesis 7 therefore is verified. A limitation to this finding has
to be stated. The results in literature states much lower perception levels
than we have found. It is unclear whether this is due to the different test
setup or whether the tasks are the reason.

4.4.2

Hypotheses 1,3 and 4: Acceptance Threshold

The high perception threshold and the distribution of the acceptance thresholds (determined through PEST) indicates that the acceptance threshold in
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both tasks is higher than the 1400ms maximum delay possible in the test
setting. Mean acceptance level in both tasks is around 1200ms with 66%
and 54% being values over 1400ms. Since the LEGO task had a lower percentage of out-of-range values, one might conclude that the actual mean
of the LEGO task is lower than the mean of the travel task. This would
support H1. However, there this finding can not be scientifically proven.
We can therefore not state an acceptance threshold for the task tested or
classes of task that are similar. H1, H3 and H4 all dealing with acceptance
levels can therefore neither be rejected nor confirmed as there is not enough
valid data available. New test series will have to be performed in order to
deal with these hypotheses.

4.4.3

Hypothesis 2: Interruptions decrease when absolute
delay of a video conference increases.

Analysis of the data collected shows that interruptions are not a good measurement for user cost in our experiment. There were never more than
eight interruptions in one minute and the distribution of the numbers of
interruptions per minute is not normal, therefore making statistical analysis
impossible.
As an alternative, back channels and number of turns were collected during the tests. Back channels also are not normally distributed. Number of
Turns however are, making it the variable of choice for statistical evaluation.
The hypothesis is rephrased accordingly:
H2: Number of turns decrease when the absolute delay of a video
conference increases.
This hypothesis has been tested and verified in several studies for different media (face-to-face and low-quality video conferencing) [30].
However, analysis of the number of turns in different delay conditions
shows no correlation between the amount of delay and the number of turns
in our experiment. Looking at the slopes of a linear regression fit of each
session for both tasks, the mean is virtually zero, indicating that the number
of turns stays constant in different conditions (T-Test against zero leads to
p=0.541 for the LEGO task and p=0.90 for the Travel Task). The reason
for using the slopes of a linear fit rather than the overall mean is that every
session, depending on the participants can lead to totally different absolute
numbers. The slope however is independent of any offset due to different
styles of conversation.
Therefore, Hypothesis 2 has to be rejected.
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Task

Travel Task PEST
Travel Task Holistic
LEGO Task PEST
LEGO Task Holistic

Delay High
Knowledge
(ms)
857
721
883
898

Delay Low
Knowledge
(ms)
1034
985
1009
923

Mean
Diff.
(ms)
177
264
126
119

sig

0.146
0.102
0.23
0.837

n
(high/
low)
19/26
9/10
19/27
10/12

Table 4.3: Means compared between computer-savvy people and people with
little computer experience.

4.4.4

Hypothesis 5: Perception Threshold is not dependent
on network knowledge.

Evaluating the perception threshold of network and computer savvy people
against people without limited network and computer knowledge, there is
a significant difference in the means of these perceptions both using PEST
and our more holistic evaluation method (PEST: p=0.146 and p=0.237 for
the Travel and the LEGO task respectively, Holistic: p=0.102 and p=0.837.
People who knew how the underlying technology works were generally less
tolerant to absolute delay than people who have little technological knowhow (See Table 4.3) and Figure 4.2).
These results contradict findings by Sasse et al. that stated that higher
network knowledge leads to higher tolerance in technical parameters. Also,
Hypothesis 5 has to be rejected as it states that the perception threshold is
not dependant on network knowledge. The results show the contrary.
There are several possible interpretations of this results. One is that
because computer literate people knew how to handle the system, they were
able to really concentrate on delay, while unexperienced users were so absorbed by the pure handling of the infrastructure, that they did not notice
delays. Another one is that users who know how computer systems work
have different strategies for quality evaluation and also know what to look
for.
An interesting fact is also, that while for computer literate people, the
accepted delay for the LEGO task was higher than for the Travel Task, for
participants with lower technical know-how it was exactly opposite; their
tolerance was lower for the LEGO task than for the Travel Task.

4.4.5

Hypothesis 6: Perception Threshold is lower than the
acceptance threshold.

For both tasks, the perception threshold and the acceptance threshold are
different with high significance. This even though the actual acceptance
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Figure 4.2: Results of the Experiment.
threshold can not be evaluated and is certainly higher than the means of
1202ms and 1224ms for the two tasks respectively. Hypothesis 6 is therefore
confirmed.
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Chapter 5

Conclusions
5.1

Delay in video conferencing

The experiment has shown, that it is not a straight forward task to determine acceptable and perceived delay in video conferencing. Influencing
factors include user know-how, user motivation, interpersonal communication skills as well as the task performed. The perception threshold, at least
in conditions and with the tasks tested, is task-independent, however. The
goal to find an universal threshold for perceived QoS parameter therefore
seems ambitious if not impossible.
The dependancies of subjective quality assessment hints towards a mechanism that lets users change their quality requirements on a session-tosession base. Such a framework has been proposed by the author in an
earlier conceptual study [29]. New network technologies like RSVP will allow negotiation of variable quality requirements also during sessions.

5.2

Improvements

While the test series certainly has produced some interesting findings, there
are still a few things that could have been optimised and should be taken
into account for further test series.

5.2.1

Test Setup

The overall setup of the test infrastructure was suitable. However, more time
needs to be accounted for the set-up and pilot testing of the whole system.
More time for pilot-testing would have identified many problems such as
the low delay, problems with the recording infrastructure and structural
deficiencies in the tasks and the data gathering.
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Recruiting

Recruiting was started too late. Though the team was able to test more
than 50 participants in the end, a better and earlier planning would have
optimised the efforts. Many people signed up very close to the actual testing
period. This resulted in a less than ideal use of resources (lab, manpower).
The 25 test sessions were scattered over 2 weeks. A carefully designed test
plan would have had them tested in a bit more than one week.
The website proved to be an adequate means for education. All but 3
participants signed up on the Internet. Also, recruiting at the KME was
quite successful and even the notice boards had a pretty high return rate.
Of the 52 participants, only very few were acquainted with any of the team
members.

5.2.3

Pilot Testing

The importance of pilot testing became obvious when we realised quite a
few tests into the series that the delay conditions were not set properly.
The validity of the results was endangered. At least 4 pilot tests should be
performed in future testing series to decrease the chance of failure and to
ensure correct results.

5.2.4

Infrastructure

Here as well, careful preparation is essential. The equipement was neither
ready nor functional the last day before the tests. As a consequence, pilot
testing had to cut short and many flaws of the system were discovered too
late. Namely the fact that the recording equipment was not working properly
lost the team a lot of data. Also, because there was not enough pilot-testing,
the delay could not be adjusted.
In subsequent tests, the recording of the sessions should preferrably be
done directly onto DVD using a dedicated DVD burner and a digital mixer.
This reduces possible sources of error and enhances quality.

5.2.5

Methodology

Several improvements in the test methodology can also be made.
5.2.5.1

Task selection

The biggest problem was certainly to find suitable tasks for the test. The
author opted for tasks that seemed deterministic enough to be scientifically relevant but also realistic enough not to be out of touch with the real
world. The two tasks studied certainly are close to real life situations with
video conferencing. However, the aspect of dialogue-like communication was
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missing for a big part. In the authors opinion this was also one of the main
reasons why the perception and acceptance threshold were so much higher
than in other test. There, focus was put on classic video conferencing. While
the results certainly have their validity, other tasks might have more directly
been able to establish minimal requirements for delay.
It was shown that because the large number of variables, results were
hard to interpret quantitatively. With more time and resources, more variables could be controlled and therefore lead to more hard-facts findings.
For perception threshold, a more restrictive physiological experiment
might be used. Such an experiment is currently planned at the Institute
for Ergonomics at the Federal Institute of Technology. For the acceptance
threshold, a task must be found that is very sensitive to delay, such as
very highly interactive person to person communication where the partner’s
immediate reactions are important (i.e. job interview).
5.2.5.2

Using Two Alternatives Forced Choice Method

An evaluation of the results shows that the response bias (people said they
noticed a zero delay) and the lapse (people did not notice an obvious delay) are great when performing PEST in the way used in the experiment.
To cancel out such error, an alternative forced choice method could be employed. In this method, the participants are presented with a zero delay
condition and a delay condition. They then have to decide where delay was
noticed. If participants guess, the success rate will convergate to 50%. The
measurement error will be lower however.
5.2.5.3

Explanation of Delay

Some people did not know what to look for, meaning, the understood something else under “absolute delay” than the team did. Subsequently, some
participants claimed never to have noticed any delay while they were puzzled
over the long reaction time of their partner.
5.2.5.4

Offset before measuring

The results show, that it takes some time for users to get used to the system.
The experiment was designed in a way that allowed only one minute to get
used to the system before data was gathered. A offset time of about 3 to 4
minutes is suggested to eliminate the noise of the irregular behaviour at the
beginning.
5.2.5.5

Longer periods, more measurements

Both the intervals of one minute and the 7 measurement points per threshold
were at the lower limit. The delay intervals of one minute led to very uneven
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patterns in communication. It happened that in one minute there was almost
no one talking while the next minute, there was very lively interaction. This
leads to an uneven distribution of both subjective ratings and user cost
measurements; if no one is talking, even 5 seconds delay will not appear
disturbing to the user and interruptions as well as back-channels or number
of turns are minimal.

5.3

Impact of Shared Workspace on test setting

As mentioned earlier, several participants have commented on the possible
use of a shared workspace. In reality, shared workspace technology will
certainly be a part of collaborative virtual workspaces.
The notion to include shared workspaces into a test setting has to be
looked at from several angles. The positive aspect would be that it would
represent a more realistic setting. However, there are several things that
will complicate such tests.
• Methodology
Tasks would have to be found that take the new media into considerations. The Travel Task in Anderson’s setting was once performed in
such a setting [1]. The Lego Task was not and it also would not work if
the plan was shown on the shared workspace because this would make
the information giver redundant.
• Complexity
The users of the system would have to cope with the shared workspace
as well, adding more complexity to the test setup. This will further
more make it difficult to account certain behaviours to the absolute
delay as the relevant independant variable.
Technologically, known shared workspace software could run on the participant’s terminals. In such a setting, the use of scan converters to record
the video signal of the monitors is a necessity. Instead of displaying the
video conference and the shared workspace on one screen, two screens could
be used. Using a digital mixer, the three signals (two conference screens
and the shared workspace) could be mixed onto one. In a matrix view, the
fourth square on the mixed signal could be used to include the data of the
control monitor that would state the induced delay etc.

5.4

Further Work

The test series have layed a groundwork for further testing and evaluation
of the possibility of the framework of QoS parameters mentioned in the
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beginning. However, there is still further work to be done to reach that
goal.
To determine the acceptance level for the mentioned delays, further testing under the same conditions but with higher delay up to about 2800ms one
way or even higher has to be performed. A follow up thesis is planned that
will also research the influence of delay in multi-person video-conferences.
One of the main problems with the experiment was finding an appropriate task. A classification of possible uses of video conferencing might help
identifying suitable tasks that will enable the community to set minimal
thresholds. Comparing our findings with other results, we see that the perception and acceptance threshold that were observed in this experiment are
far higher than in other experiments. It is therefore important to establish
such a classification framework. There are efforts underway to do so at the
Insitute of Ergonomics under Hans-Jörg Zuberbühler.
The author’s guess is that a task that requires fast and immediate feedback of both sides will lead to a minimum threshold for both perception and
acceptance of absolute delays.

5.5

Overall Conclusion

The results stated in this thesis will hopefully contribute towards the development of forthcoming QoS mechanisms. While certainly quite a bit of work
has to be performed to arrive at a framework that might act as guidelines
for the design of multimedia applications, this is one small step that links
bleeding edge technology with the people using it.

Appendix A - Recruiting Questionnaire
First Page - Introduction

This content is imported to this document from the online registration forms
available at http://www.tik.ee.ethz.ch/videokonferenz/ (Spring 2002).

Anmeldung zum Video Conferencing Versuch
Guten
Tag.
Mein Name ist Glenn Oberholzer und im Zuge einer
Forschungsarbeit über Multimedia Applikationen,
führen
wir an der ETH eine Untersuchung zum Thema
Videokonferenzen durch.
Es geht dabei um den Einfluss
von Verzögerungen auf die Benutzerzufriedenheit.
Wir
suchen
dafür
60
Teilnehmer.
Sie haben die Chance, einmal bei einer richtig guten Videokonferenz dabei zu sein.
Das System, das wir benutzen ist
hochmodern.
Sie kriegen aber nicht auch Einblick in eine
neue Technologie, sondern werden auch Spass haben bei
den 2 Aufgaben, die Sie in Zweierteams bewältigen werden.
Die Tests finden in der Zeit vom 15.1.
bis zum
2.2.
2002 statt.
Die ganze Sache dauert 1.5
Stunden und die Entschädigung beträgt 30
CHF.
Nachdem Sie sich hier in 10
Minuten angemeldet
haben, werde wir Sie in den nächsten Tagen kontaktieren und den Termin fixieren.
Wir werden Ihnen
dann auch noch Unterlagen und eine Einladung schicken.
Für Fragen stehe ich oder Alexander Braun Ihnen jederzeit
zur Verfügung.
Verwenden Sie dazu das Kontaktformular.
Sie können sich auch telefonisch anmelden unter der Telefonnummer 01 632 70 38 (Alexander Braun)

Second Page - Demographics

A–44
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A–45

Wir bitten Sie zuerst, einige Angaben zu Ihrer Person zu machen.
Die Daten werden selbstverständlich vertraulich behandelt. Sie dienen einzig unserer Kommunikation mit Ihnen. Bei Fragen, setzen
Sie sich mit uns in Kontakt. Felder mit * sind Mussfelder.
Top of Form

Name *
Vorname *
Kontakt
Telefonnummer
*
E-Mail*
oder
Adresse*
PLZ Ort*

Nun wären wir Ihnen dankbar, wenn Sie die folgenden Fragen beantworten könnten. Wir werden die Resultate der einzelnen Fragen
nicht sehen, sondern nur die Auswertung. Es geht bei diesen Fragen
darum, die optimalen Versuchspersonen zu finden.

Wenn Sie mit
mehreren Leuten
zusammenkommen,
was machen Sie
gewöhnlich?
Wenn Sie fremden
Menschen begegnen,
finden Sie das
Ist es eher
Sind Sie
Welches Wort in
diesem Wortpaar sagt
Ihnen mehr zu?

o Beteiligen Sie sich am allgemeinen
Gespräch
o unterhalten Sie sich mit jemandem, den Sie
gut kennen?
o anregend, oder zumindest unproblematisch
o ziemlich anstrengend?
o
o
o
o
o
o

leicht, Sie kennenzulernen?
eher schwierig, Sie kennenzulernen?
ein geselliger Mensch?
ziemlich ruhig und zurückhaltend?
munter
ruhig

A–46

Welches Wort in
diesem Wortpaar sagt
Ihnen mehr zu?
Welches Wort in
diesem Wortpaar sagt
Ihnen mehr zu?
Welches Wort in
diesem Wortpaar sagt
Ihnen mehr zu?
Denken Sie, dass ihre
Freunde Ihre
Einstellung
Versuchen Sie beim
geselligen
Zusammensein
Denken Sie lieber über
etwas nach
Passiert es Ihnen eher,
dass Sie Ihre
Gedanken und
Gefühle
Sagen Sie gewöhnlich
Können Sie sich
endlos unterhalten

Appendix A

o sprechen
o schreiben
o ruhig
o lebendig
o gesellig
o zurückhaltend
o zu den meisten Dingen kennen
o nur dann kennenlernen, wenn es einen
Anlass gibt, darüber zu reden?
o eine einzelne Person zu finden, mit der Sie
sich unterhalten möchten
o sich mit diesem und jenem zu unterhalten?
o indem Sie darüber sprechen
o indem Sie es selber ausbrüten?
o So zurückhaltend äussern, dass man nicht
weiss, was Sie denken und fühlen
o so energisch darstellen, dass jemand
beleidigt sein könnte?
o mehr als Sie meinen
o weniger als Sie meinen?
o Mit Leuten, die die gleichen Interessen
haben wie Sie
o mit fast jedem?
Bottom of Form

Third Page - Scheduling

Bitte tragen Sie in der folgenden Tabelle, die Termine ein, an denen
Sie an unserem Versuch teilnehmen knnen. Tipp: Sie können mit
der Tabulator-Taste von Kästchen zu Kästchen springen und mit
“Enter” die Kästchen markieren.

Appendix A

Top of Form

Tag

Freitag,
25.1.
Samstag,
26.1.
Sonntag,
27.1.
Montag,
28.1.
Dienstag,
29.1.
Mittwoch,
30.1.
Donnerstag,
31.1.
Freitag, 1.2.

A–47

7:30
9:00
Uhr

9-10:30
Uhr

11-12:30
Uhr

13-14:30
Uhr

16-17:30
Uhr

18
19:30Uhr

Appendix C - Test Script
Einführung
Dieses Testscript soll dazu dienen, die Wissenschaftlichkeit des Experimentes
so gut wie möglich sicherzustellen. Es ist wichtig, dass ein Experiment unter
möglichst immer gleich Bedingungen ausgeführt wird. Die Einhaltung der
hier beschriebenen Schritte ist daher essentiell. Wo wörtliche Anweisungen
gegeben werden sollen diese vorgelesen werden.

Checkliste
Zwischen den Tests liegen 30 Minuten. Dies bedeutet, dass die ankommenden Teilnehmer persönlich begrüsst werden können und nicht vor verschlossener Türe warten mssen.
• Testvorbereitung
– Arbeitsplatz A vorbereiten
∗
∗
∗
∗
∗
∗
∗
∗
∗
∗

Karte liegt bereit
Anleitung liegt bereit
Legomodell auseinandergenommen in Schachtel
Videoverbindung getestet
Audioverbindung getestet
Testsoftware ist initialisiert
Schreibblock vorhanden, Bleistift gespitzt
Glas/Becher und Wasser vorhanden?
Testscript mit Subjektnummer angeschrieben und auf Platz
Arbeitsplatz aufgerumt

– Arbeitsplatz B vorbereiten
∗
∗
∗
∗
∗
∗
∗
∗

Flugplan liegt bereit
Legomodell auseinandergenommen in Schachtel
Videoverbindung getestet
Audioverbindung getestet
Testsoftware ist initialisiert
Schreibblock vorhanden, Bleistift gespitzt
Glas/Becher und Wasser vorhanden?
Arbeitsplatz aufgeräumt

– Observationsplatz vorbereiten
A–48
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A–49

∗ neues Protokoll mit Name und Subjektnummer anschreiben,
bereit legen
∗ Test der Videoverbindung
∗ Test der Audioverbindung
∗ Controllersoftware mit richtigen Werten initialisiert.
∗ neues Capturefile mit Subjektnummer vorbereiten
∗ Stoppuhr zurückstellen
∗ Besprechungstisch sauber, aufgeräumt
• Einführung
– Teilnehmer mit Namen begrüssen und zu Besprechungstisch führen
– Um Besprechungstisch Platz nehmen
– Etwas zu trinken anbieten
– alle Anwesenden und ihre Funktion vorstellen
– den Teilnehmern für Erscheinen danken
– Zweck und Ziel des Versuchs vorstellen
∗ Alexander Braun und Hans-Jörg Zuberbühler grosse Forschungsarbeit QoS in Multimedia.
∗ Ziel ist es, Anforderungen zu finden für Gestaltung und Umsetzung von Netzwerken.
∗ Ansatz, dass Menschen im Mittelpunkt sein sollen.
∗ Ich führe ein Experiment in diesem grossen Projekt durch.
∗ Es geht um den Einfluss von Verzögerungen in Videokonferenzen auf die Benutzerzufriedenheit.
∗ Videokonferenzen sind Gespräche zwischen zwei oder mehreren
Personen mittels einer Videoübertragung.
∗ Ihre Aufgabe ist es, zusammen zwei Aufgaben zu lösen. Sie
werden dabei über eine solche Videokonferenz miteinander
kommunizieren.
∗ Ziel ist es, herauszufinden, wann Benutzer eine Verzögerung
bemerken, und ab wann sie stört.
∗ Es geht dabei NICHT darum, Sie zu testen, sondern das System. Also versuchen Sie nicht, möglichst eine kleine Schwelle
zu erkennen oder keine Fehler zu machen, sondern beurteilen
Sie das System einfach so, wie Sie es empfinden.
– Zeitplan vorstellen (siehe Unterlagen Benutzer, Appendix ??)
– Falls Sie den Test unterbrechen wollen, auf’s WC gehen müssen,
sich unwohl fühlen oder irgend etwas brauchen, sagen Sie das.
Sie können jederzeit aussteigen oder eine Pause verlangen.
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– Falls Sie eine Frage oder Aufgabenstellung nicht verstehen, lassen
Sie es uns wissen, wir helfen Ihnen
– Fragen?
– Vorstellen der Infrastruktur
∗ Observationsraum, Computer, Screen, Audioanlage, ARES
∗ Arbeitsplatz A (Computer, Videokamera, Mikrophon, Audioanlage, Bedienung der Software, ETHMICS)
∗ Arbeitsplatz B (kurz nocheinmal dasselbe)
– Fragen?
– Dann fangen wir an
– Teilnehmer A zu Arbeitsplatz A fuehren, Teilnehmer B zu Arbeitsplatz B fuehren
• Test
– alles in Script von Testpersonen, da kein Kontakt mit Testteilnehmer. Bei Fragen etc. Telefon benutzen. Möglichst wenig
Interaktion.
– Jeder Beobachter beobachtet eine Testperson.
– Notiert werden: Stressanzeichen, Interupts, Anzahl Wortwechsel
und Back Channels in Zusammenhang mit jeweils aktivem Delay.
Dazu beiliegendes Blatt verwenden.
• Nachbesprechung
– Teilnehmern danken
– Erste Eindrücke, Erfahrungen im Test
– Was waren grösste Schwierigkeiten?
– Was war gut?
– Was würden Sie verbessern?
– Würden Sie ein solches System einsetzen? Wieso, wieso nicht?
Wofür?
– (Nach Besprechung) Nocheinmal Dank, Übergabe der Entschädigung.
– Verabschiedung
• Auswertung
– Anmerkungen und Kurzdiskussion mit anderen Beobachtern
– Alles aufschreiben
– Bereinigung des Protokolls, nochmals durchlesen, undeutliche Anmerkungen ausschreiben.
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– Unterlagen zusammensuchen und in Sessionmappe legen
– Stream speichern/komprimieren
– Arbeitsplatz A aufräumen
– Arbeitsplatz B aufräumen
– Beobachtungsplatz aufräumen
– Besprechungstisch aufräumen
• GOTO Beginning
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Verzögerung in Videokonferenzen

Experiment zur Bestimmung des Einflusses von absoluter Verzögerung auf die Benutzbarkeit eines System.
Testserie vom 21.1.2002 bis zum 2.2.2002-01-14
Testort: ETZ F76.1, ETH Zürich
Testadministratoren: Glenn Oberholzer, Philip Renggli, Alexander Braun

A–52

Appendix B

A–53

Einleitung
Im Zuge einer grossen Forschungsarbeit zum Thema Quality of Service
in Mutlimedia-Applikationen führen wir eine Untersuchung zum Einfluss
von absoluter Verzögerung in Videokonferenzen auf die Zufriedenheit von
Benutzern solcher Systeme durch.
Eine Videokonferenz ist ein Gespräch zwischen zwei oder mehreren Personen mittels einer Videoübertragung. Eine solche Videokonferenz werden
Sie zusammen mit Ihrem Testpartner abhalten.
Die Aufgaben, die Sie dabei lösen werden sind auf den folgenden Seiten
erklärt.
Es handet sich um einfache Aufgaben, die ohne Vorwissen lösbar sein sollten.
Sollten Anweisung trotzdem unklar sein oder haben Sie Fragen zu irgend
etwas, können Sie sich jederzeit an uns wenden. Am Besten formulieren Sie
die Frage in die Kamera, und wir werden sie dann direkt beantworten.
Falls Sie sich unwohl fühlen, eine Pause brauchen, oder den Versuch
sogar abbrechen müssen, können Sie das uns ebenfalls mitteilen.
Alles Material, das sie brauchen, liegt auf Ihrem Arbeitsplatz bereit.
Es geht bei dem Versuch darum, herauszufinden, wieviel Verzögerung in
einem System noch vertretbar ist. Es geht in diesem Versuch explizit nicht
darum, Sie zu testen. Verhalten sie sich so normal wie möglich. Ihr Fokus
sollte auf ihrer Arbeit liegen und nicht auf der Technologie.
Viel Spass!
Wenn fertig gelesen, bitte umblättern.

A–54

Appendix B

Pretest – Fragebogen
Persönliche Daten
Geburtsdatum
Muttersprache
Beruf/
Studiengang, Semester
Computer- und Netzwerkwissen
Wieviele Stunden benutzen Sie den Computer pro Woche?
[ ] weniger als 1 Stunde.
[ ] 1-7 Stunden
[ ] 8 -25 Stunden
[ ] 26 - 40 Stunden
[ ] Mehr als 40 Stunden
[ ] nie [ ] keine Angabe

[
[
[
[

]
]
]
]

Wie würden Sie Ihre Computer-Kenntnisse einstufen?
gering
mittel
hoch
keine Angabe

Wissen Sie ungefähr, wie ein Computer technisch funktioniert?
[ ] ja
[ ] nein
[ ] keine Angabe
Wissen Sie genau, wie ein Computer technisch funktioniert?
[ ] ja
[ ] nein
[ ] keine Angabe

[
[
[
[

]
]
]
]

Was ist RAM?
Random Access Memory
Read Array Memory
Eine Band
weiss nicht

Was ist eine CPU?
[ ] Ein grosser Speicher im Computer
[ ] Control Port Unit
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[ ] Central Processing Unit
[ ] weiss nicht
Ordenen Sie die folgenden Speicher nach Ihrer Grösse (1 für grössten
Speicher, 3 für kleinsten)?
[ ] Festplatte
[ ] Cache
[ ] Arbeitsspeicher.
[ ] weiss nicht

[
[
[
[

]
]
]
]

Was ist ein OS?
Ein Zauberer aus Amerika
Das Betriebssystem eines Computers
Ein Prozessor.
weiss nicht
Netzwerk

Benutzen Sie das Internet?
[ ] Ja
[ ] Nein
[ ] keine Angabe
Wie oft benutzen Sie das Internet?
[ ] täglich
[ ] mehrere Male pro Woche [ ] einmal pro Woche [ ] einmal pro Monat
[ ] sehr unregelmässig [ ] keine Angabe
Wie würden Sie Ihre Internet-Kenntnisse einstufen?
[ ] gering
[ ] mittel
[ ] hoch [ ] keine Angabe
Wissen Sie ungefähr, wie das Internet technisch aufgebaut ist und funktioniert?
[ ] ja
[ ] nein
[ ] keine Angabe
Wissen Sie genau, wie das Internet technisch aufgebaut ist und funktioniert?
[ ] ja
[ ] nein
[ ] keine Angabe
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[
[
[
[

]
]
]
]

Welches sind alles Netzwerkprotokolle?
TCP, XLS, CGI
UDP, ATM, IP
AppleTalk, PERL, ASP
weiss nicht

[
[
[
[

]
]
]
]

Welche der folgenden ist eine korrekte IP Adresse?
122.300.54.11
129.132.57.113
1223.22.120.1
weiss nicht

]
]
]
]

Wie heisst ein Programm, mit dem man WWW-Seiten darstellen kann?
Betriebssystem
Browser
Access
weiss nicht

[
[
[
[

Videokonferenz
Haben Sie schon mal eine Videokonferenz gesehen?
[ ] ja
[ ] nein
[ ] keine Angabe
Haben Sie schon mal selbst an einer oder mehreren Videokonferenzen
teilgenommen?
[ ] ja
[ ] nein
[ ] keine Angabe
Falls ja: Was waren Ihre Erfahrungen? Positiv und Negativ:
Falls ja: Brachte die Videokonferenz zusätzlichen Nutzen in Ihrem Fall?:
[ ] ja: , welchen?
[ ] nein
[ ] keine Angabe
Falls Sie noch nie einer Videokonferenz beigewohnt haben: Was erwarten
Sie von einer Videokonferenz:
Wissen Sie ungefähr, wie eine Videokonferenz technisch funktioniert?
[ ] ja
[ ] nein
[ ] keine Angabe
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Wissen Sie genau, wie eine Videokonferenz technisch funktioniert?
[ ] ja
[ ] nein
[ ] keine Angabe
Gemütszustand
Bitte kreuzen Sie an, wie Sie sich im Moment fühlen

überfordert
unterfordert
genervt
unzufrieden
gelangweilt
frustriert

1
o
o
o
o
o
o

2
o
o
o
o
o
o

3
o
o
o
o
o
o

4
o
o
o
o
o
o

5
o
o
o
o
o
o

wohl
wohl
entspannt
zufrieden
interessiert
begeistert

Wenn sie fertig sind, schauen Sie, ob Ihr Gegenüber auch so weit ist.
Sprechen Sie ab, wann Sie beginnen wollen und blättern Sie um.
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Reiseplan
Material und Organisatorisches
Material
– 1 Flugplan der ETHAir für die USA
– 1 Liste der Städte
Zeit
–
–
–
–
–

2 Minuten lesen der Anleitung
15 Minuten zum Zusammenstellen der Reiseroute
15 Bewertungsrunden à 20 Sekunden
3 Minuten Ausfüllen Fragebogen
Gesamtzeit: 25 Minuten

Aufgabe
Ihre Aufgabe ist es, über die Videoverbindung eine 10-tägige USA Reise
durch die USA zusammenzustellen. Ihr Ziel ist es, so viele Städte wie
möglich mit dem Budget, das Sie zur Verfügung haben zu besuchen.
Sie haben insgesamt USD 600 zur Verfügung. USD 499 haben Sie allerdings schon für einen Flugpass der ETHAir ausgegeben. Dieser erlaubt es
Ihnen, mit allen Fliegern der ETHAir zu fliegen. Die Person, die den Flugplan mit allen Verbindungen der ETHAir vor sich hat spielt Reisebüro. Die
Person mit der Karte ist der Kunde
Das Reisebüro notiert die bereits besuchten Städte. Falls sie
einen schon besuchten Flughafen erneut besuchen, kostet Sie das USD
50. Sie können innerhalb eines Bundesstaates (bei kleinen Staaten auch
zwischen benachbarten Staaten) auch den Bus nehmen. Eine Busreise
kostet 25 USD und dauert 5 Stunden. Sie haben 15 Minuten Zeit um
Ihre Reiseroute zu planen.
Zum Flugplan: Die ETHAir bietet von jedem Flughafen vier Flüge
pro Tag an. Diese fliegen um 08:00 Uhr, 12:00 Uhr, 16:00 Uhr und 20:00
Uhr Lokalzeit. Die lokale Ankunftszeit ist unter/neben dem Zielflughafen
angegeben. Zum Umsteigen braucht man mindestens 30 Minuten
Zeit. Diskutieren Sie, finden Sie die besten Alternativen.
Bei der Videoübertragung wird mehr oder weniger Verzögerung verursacht. Nach einer gewissen Zeit können Sie in einem Pop-up Feld angeben,
ob Sie Verzögerung bemerkt haben oder nicht. Falls ja, werden Sie weiter
gefragt, ob die Verzögerung störend war. Sie können die Fragen durch
klicken auf die Knöpfe “Delay erkannt” und “Keinen Delay erkannt” respektive ,,Delay war störend“ und ,,Delay war nicht störend“ beantworten. Die
erste Runde wird mit minimaler Verzögerung durchgeführt. Diese Runde
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wird noch nicht analysiert sondern dient dazu, Sie mit dem System und
dem Ablauf vertraut zu machen.
Falls Ihnen etwas auffällt oder Sie einen wichtigen Gedanken festhalten
wollen, machen Sie sich bitte einen Hinweis auf dem bereitliegenden Notizblock. Nach dem Ende der Aufgabe habe Sie Zeit, Ihre Beobachtungen
in einem Fragebogen zu notieren und nach dem Versuch zu diskutieren. Bei
Fragen können sie natürlich jederzeit mit uns Kontakt aufnehmen via die
Kamera.
Viel Spass.
Teilen Sie Ihrem Gegenüber mit, wenn Sie bereit sind und beginnen Sie
dann mit der Aufgabe.
Wenn sie die Aufgabe beendet haben, blättern sie um.
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Nachevaluation
Gemütszustand
Bitte kreuzen Sie an, wie Sie sich im Moment fühlen

überfordert
unterfordert
genervt
unzufrieden
gelangweilt
frustriert

1
o
o
o
o
o
o

2
o
o
o
o
o
o

3
o
o
o
o
o
o

4
o
o
o
o
o
o

5
o
o
o
o
o
o

wohl
wohl
entspannt
zufrieden
interessiert
begeistert

Denken Sie, dass eine Videokonferenz für Aufgaben wie diese Sinn macht?
Falls ja, wieso? Falls nein, wieso nicht?
Falls Sie noch irgendetwas los werden wollen, hier haben Sie Platz für
Bemerkungen:
Wenn sie fertig sind, schauen Sie, ob Ihr Gegenüber auch so weit ist.
Sprechen Sie ab, wann Sie beginnen wollen und blättern Sie um.
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Legomodell
Material und Organisatorisches
Material
– 1 Legomodell ,,Red Bullet“
– 1 Anleitung zum Legomodell ,,Arctic“
Zeit
–
–
–
–
–

2 Minuten lesen der Anleitung
15 Minuten zusammenbauen des Modells
15 Bewertungsrunden à 20 Sekunden
3 Minuten Ausfüllen Fragebogen
Gesamtzeit: 25 Minuten

Aufgabe
Ihre Aufgabe ist es, über die Videoverbindung beide Legomodelle zusammenzubauen. Dabei besitzt Ihr Gegenüber die Teile eines der zwei Modelle und Sie die Anleitung dafür und umgekehrt für das zweite Modell. Sie
dürfen die Anleitung dem Gegenüber nicht zeigen. Ziel ist es, die Modelle
in den 15 Minuten Zeit, die sie zur Verfügung haben, zusammenzubauen.
Sie müssen dazu natürlich miteinander kommunizieren. Falls Sie in der Zeit
nicht fertig werden, beenden Sie das Modell nach den 15 Minuten. Bei der
Videoübertragung wird mehr oder weniger Verzögerung verursacht.
Nach einer gewissen Zeit können Sie in einem Pop-up Feld angeben, ob
Sie Verzögerung bemerkt haben oder nicht. Falls ja, werden Sie weiter
gefragt, ob die Verzögerung störend war. Sie können die Fragen durch
klicken auf die Knöpfe “Delay erkannt” und “Keinen Delay erkannt” respektive ,,Delay störend“ und ,,Delay nicht störend“ beantworten.
Die erste Runde wird mit minimaler Verzögerung durchgeführt. Diese
Runde wird noch nicht analysiert sondern dient dazu, Sie mit dem System
und dem Ablauf vertraut zu machen. Falls Ihnen etwas auff’ällt oder Sie
einen wichtigen Gedanken festhalten wollen, machen Sie sich bitte einen
Hinweis auf dem bereitliegenden Notizblock. Nach dem Ende der Aufgabe
habe Sie Zeit, Ihre Beobachtungen in einem Fragebogen zu notieren und
nach dem Versuch zu diskutieren. Bei Fragen können sie natürlich jederzeit
mit uns Kontakt aufnehmen via die Kamera.
Viel Spass.
Teilen Sie Ihrem Gegenüber mit, wenn Sie bereit sind und beginnen Sie
dann mit der Aufgabe.
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Nachevaluation
Gemütszustand
Bitte kreuzen Sie an, wie Sie sich im Moment fühlen

überfordert
unterfordert
genervt
unzufrieden
gelangweilt
frustriert

1
o
o
o
o
o
o

2
o
o
o
o
o
o

3
o
o
o
o
o
o

4
o
o
o
o
o
o

5
o
o
o
o
o
o

wohl
wohl
entspannt
zufrieden
interessiert
begeistert

Denken Sie, dass eine Videokonferenz für Aufgaben wie diese Sinn macht?
Falls ja, wieso? Falls nein, wieso nicht?
Falls Sie noch irgendetwas los werden wollen, hier haben Sie Platz für
Bemerkungen:
Wenn sie fertig sind, schauen Sie, ob Ihr Gegenüber auch so weit ist.
Sprechen Sie ab, wann Sie beginnen wollen und blättern Sie um.
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Posttest – Fragebogen
Videokonferenz
Was waren Ihre Erfahrungen mit dieser Videokonferenz? Positiv und Negativ:
Bandbreite (Ruckeln und so):
Verzögerung:
Benutzerfreundlichkeit:
Anderes:
Wie haben sich Ihre Erwartungen erfüllt?
[ ] nicht erfüllt
[ ] knapp nicht erfüllt
[ ] knapp erfüllt
[ ] erfüllt
[ ] keine Angabe
Begründung:
Würden Sie Videokonferenzen in Ihrem Umfeld einsetzen? Falls ja, wieso
und wofür? Falls nein, wieso nicht?
Sonstige Bemerkungen zu Videokonferenzen
Sonstige Bemerkungen zum Versuch/Organisation/Personal:
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Schlussbemerkungen
Sie haben es geschafft. Vielen Dank für Ihre Teilnahme. Wir
bitten Sie nun, wenn sie beide fertig sind, an den Besprechungstisch
zu kommen. Dort werden wir die Session noch mündlich besprechen.
Sie können die Computer eingeschaltet lassen. Nehmen Sie einfach Ihre
Notizen mit.
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