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Abstract

This thesis presents research on wearable computers and their usage in communication. The
wearable computer is looked upon as a tool for communication between people but also on
how it can be used in communication with the environment. A wearable computer has been
built with ordinary computer parts and devices available in well-equipped computer stores.
This wearable computer is used in this thesis and has both video and audio capabilities and
wireless network for communication with people and equipment over distance. The setup
has then been used to study the effect of using wearable computer in activities involving
communication with people and other equipment.

This thesis presents some ways that a wearable computer can be used when considering
communication. The user can become a beacon of knowledge sharing the knowledge of
people connected to her through the network with people that are collocated with her. She
could also become a tool for other people to explore and experience places where they are
not located at the moment so called telepresence. It could be said that this is possible with
equipment that is available today, but what differences the usage of wearable computer is
the possibility to do these activities while still being active in what happens around the user.
As the wearable computer should be easy to wear and interact with, the roll as a knowledge
beacon or telepresence provider can become almost invisible for the user and other collocated
people.

To make these rolls as invisible as possible great care must be taken into the interaction
between the wearable computer and the user, but also the interaction the user does through
the wearable computer with other equipment. When being active as one or both of these rolls
the user will mostly be involved in tasks that do not directly involve the wearable computer.
When the wearable computer then needs the attention of the user it may have to interrupt the
user’s current task. This interruption should be done so that the decrease in performance of
the user can be kept to a minimum. It is also of equal importance not to only consider the
performance but also the experienced stress, which should also be kept to a minimum. A
user study is presented in this thesis that explores some of the possible ways to interrupt a
wearable computer and analyses what way is preferred when considering both objective and
subjective data.

In this thesis a novel interaction method called "Eventcasting" is also presented to de-
crease the time needed to focus on the wearable computer when doing simple tasks with the
environment. This is so that interruption on the primary task can be even more minimized
and the rolls as a knowledge beacon and telepresence provider can be as invisible as possible.

iii



iv



Contents

Publications vii

Acknowledgments ix

1 Thesis Introduction and Summary 1
1.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1.2 Wearable Computer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

1.3 Knowledgeable User and Telepresence . . . . . . . . . . . . . . . . . . . . . 6

1.4 Interaction with a Wearable Computer . . . . . . . . . . . . . . . . . . . . . 8

1.5 Summary and Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

1.6 Thesis Organization . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12

2 Sharing Experience and Knowledge with Wearable Computers 15
2.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

2.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.3 The Mobile User . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 18

2.4 Beyond Communication . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

2.5 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

2.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

2.7 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27

3 Experiences of Using Wearable Computers for Ambient Telepres-
ence and Remote Interaction 29

3.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31

3.2 Everyday Telepresence . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

v



vi Contents

3.3 Wearable Computers . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

3.4 Experiences of Telepresence . . . . . . . . . . . . . . . . . . . . . . . . . . 38

3.5 Evaluation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42

3.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

3.7 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

4 Methods for Interrupting a Wearable Computer User 51
4.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 53

4.2 Experiment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55

4.3 User Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

4.4 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

4.5 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

4.6 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

5 A Study on Users’ Preference on Interruption When Using Wear-
able Computers and Head Mounted Displays 69

5.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

5.2 The Dual Task . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

5.3 Previous Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77

5.4 The Study . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

5.5 Results . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81

5.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

5.7 Acknowledgments . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

6 Eventcasting with a Wearable Computer 87
6.1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89

6.2 Related Work . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

6.3 Theory and Design . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

6.4 Prototype . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

6.5 Discussion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

6.6 Conclusions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98

6.7 Acknowledgements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Bibliography 101



Publications

This thesis consists of an introduction and five papers. Four of these papers have been pub-
lished and one has been submitted for review to international peer reviewed conferences or
workshops. I am the main author on two of the papers and co-author on the rest. The papers
are:

Paper 1 Marcus Nilssson, Mikael Drugge, and Peter Parnes.Sharing experience and
knowledge with wearable computers. In Proceedings of the Pervasive 2004 Work-
shop on Memory and Sharing of Experiences, Wien, Austria, April, 2004.

Paper 2 Mikael Drugge, Marcus Nilsson, Roland Parviainen, and Peter Parnes.Experi-
ences of using wearable computers for ambient telepresence and remote interac-
tion. In Proceedings of the 2004 ACM SIGMM Workshop on Effective Telepresence,
New York, USA, October, 2004.

Paper 3 Mikael Drugge, Marcus Nilsson, Urban Liljedahl, Kåre Synnes, and Peter Parnes.
Methods for interrupting a wearable computer user. In Proceedings of the 8th
IEEE International Symposium on Wearable Computers (ISWC’04), Washington DC,
USA, November, 2004.

Paper 4 Marcus Nilsson, Mikael Drugge, Urban Liljedahl, Kåre Synnes, and Peter Parnes.
A Study on Users’ Preference on Interruption When Using Wearable Computers
and Head Mounted Displays. Submitted for review

Paper 5 Mikael Drugge, Marcus Nilsson, Kåre Synnes, and Peter Parnes.Eventcasting
with a wearable computer. In 4th International Workshop on Smart Appliances and
Wearable Computing (IWSAWC 2004), Tokyo, Japan, March, 2004.

vii



viii



Acknowledgments

First, I would like to thank my Lord and Savior, whom without nothing would be possible. A
thanks goes also to my family. Independent of distance and situation wherever you are, home
is.

I would like to thank my supervisors Kåre Synnes and Peter Parnes, who have helped me
develop ideas and directing my work. I would also like to thank my colleagues at the Media
Technology group, who have been very supporting while working on this thesis. With them
my work at the university have been both fun and exciting. A special thanks goes to Mikael
Drugge who I have worked with very closely in the research presented in this thesis and who
also is one of the authors on all papers presented.

I also want to thank David Carr who helped us when we designed and conducted the user
study on interruptions.

Last but no least I would like to thank my friends everywhere in the world for making life
more bearable in both ups and downs.

Luleå, December 2004

Marcus Nilsson

ix



x



Part 1

Thesis Introduction and Summary

1





Thesis Introduction and Summary 3

Thesis Introduction and Summary

1.1 Introduction

Communication is important for people and we use a mix of different senses to be able to ex-
press what we want to mediate to other people. The possibility for real-time communication
over distance have been developed over time and we have today a much richer communi-
cation then what was possible with the first telegraphs. It is today possible to use a mix
of different media to communicate. The Communication is not limited to audio, but visual
media including but not limited to video, can be used. Different tools have been developed
to help user over distance to communicate and collaborate. In these tools for collaborative
work a wide variety of different media can be used for communicating your message to other
people. The rich communication available in these tools is thou limited to a static location.
Even when using a laptop your become non-mobile using the tools to the fullest.

Communication in mobile context is today done regularly. Most people in Sweden and
other countries own and use mobile phones. The communication possible with a mobile
phone if considering synchronous communication is limited to audio. With the introduction
of 3G this mobile communication will be extended to also include video. Even with this
addition of video media, mobile usage for communication is still limited. The rich communi-
cation used in tool for collaborative work is still not possible if mobility should be preserved.

1.1.1 Background and Motivation

In the division of Media Technology research have been previous done on tools for collab-
orative work and communication on personal computer resulting in the mStar environment
[43]. This environment was later commercialized and is now developed and distributed by
Marratech AB1.

For people in the media technology group, computer based communication and collabo-
rations tools are part of the everyday life. Rich Communication with a mix of different media
is done daily between members in the group independent on where they are located as long
as they have access to a computer with connection to the Internet. The tools are not only used
in formal settings but are also used to create a presence of your coworkers in an informal
way. This type of usage have resulted in something that is called the "e-corridor", which is
a session in Marrtech Pro that is running 24/7. This "e-corridor" is more than an ordinary
corridor as it is independent on location. Communication can be done more easily as you can
communicate without moving and there is no problem to reach everyone at the same time.
The limitation for communication in current mobile devices as mobile phones and the need
to use this type of rich communication in mobile context suggested that a mobile solution
needed to be found somewhere else. Wearable computer was found to be a suitable platform

1http://www.marratech.com
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to extend this rich communication in a mobile context. Research on collaborative tools with
wearable computers [3, 21] has been done but not much work have been done on informal
communication with wearable computers.

Even from the beginning of wearable computer they have been used in conjunction with
media [33]. Steve Mann created one of the first wearable computers and used it for creating
art [34]. He later continued his research with the eyetap documenting his life with still images
on a webpage to share his current view with visitors of the webpage. While visiting the
webpage people could send messages to Steve Mann and by that comment on what they both
saw.

As technology have moved forward and have become more powerful, smaller and less
power consuming it is now possibly to build both smaller and/or more powerful wearable
computers [48, 12]. The wearable computers that are possible to build today do have the
capabilities to be used for rich real-time communication with a mix of different media. The
tools for collaborative work that are used in non-mobile context can now therefore be adapted
to a mobile context without sacrificing the richness in communication.

Most wearable computers are designed so that it can be used when being involved in
other tasks not directly related to the wearable computer. Communication with a wearable
computer will therefore often be a secondary task for the user. It is therefore important that
consideration is taken to the primary task in the real world when designing a wearable sys-
tem for communication. Interruption and interaction with the wearable computer becomes
important issues so that the communication will not be too obtrusive for the user of the wear-
able computer. The issues raised in this section resulted in some research questions that are
answered in this thesis:

1. Can a wearable computer with rich communication capabilities be used for informal
communication when being active in other tasks in the real world?

2. When a wearable computer user is connected to other people through a network, can
she in some way use the knowledge from theses people when interacting with people
collocated with her?

3. Can communication with a user of a wearable computer with rich communication ca-
pabilities attending an event in some way be a substitute for not being there your self?

4. How can interruption and interaction be handled with a wearable computer so that the
task on the wearable computer will not be too obtrusive for the users primary task in
the real world?

1.1.2 Methodology

In this thesis answer to the questions in previous section are given by exploring the usage
of a wearable computer in real world settings together with user studies conducted in lab
environment. A wearable computer capable of rich communication has been built by using
ordinary computer parts and used in the test and experiments done for this thesis.
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Figure 1.1: Picture of the wearable computer used in this thesis

1.2 Wearable Computer

The wearable computer prototype consists of a Dell Latitude C400 laptop with built-in IEEE
802.11b. Later this laptop was replaced by a Compaq tabletPC with similar specification.
Connected to the computer is a semi-transparent head-mounted display by TekGear called
the M2 Personal Viewer. This head-mounted display provides the user with a monocular
full color view of the regular computer display in 800x600 resolution. On the opposite side
of the head from the display is a Nogatech NV3000N web camera that is used to capture
video of what the user is currently looking or aiming his head at. A small wired headset
with an earplug and microphone provides audio capabilities. User input is received through
a PS/2-based Twiddler2 providing a mouse and chording keyboard via a USB adapter. The
computer together with an USB-hub and a battery for the head-mounted display are placed
in a backpack for convenience of carrying everything. A battery for the laptop lasts about 3
hours while the head-mounted display can run for about 6 hours before recharging is needed.
What the equipment looks like when being worn by a user is shown in figure 1.1.

One of the main considerations when building the wearable computer was that it should
be built by ordinary equipment. Most wearable computer to this date have been custom made,
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Figure 1.2: The view in the head-mounted display

but it was believed that a wearable computer could be built by only using an ordinary mobile
computer and ordinary external connection available on most modern computer. This was
done so that it would be easy to increase the amount of wearable computers available without
involving people with competence in building hardware. The wearable computer has worked
satisfactory even if some drawbacks exist. The size could have been smaller if a custom
made version had been built and the lack of a unified power source made recharging more
complicated then what would have been needed.

1.2.1 Software

The software used for communication is Marratech Pro from Marratech AB. This application
can be used for communication with audio, video and text. In addition to these media a
shared whiteboard, application sharing and a shared web browsers are present that can enrich
the communication even further. What the user sees in the head mounted display when using
the wearable computer with the Marratech Pro client can be seen in figure 1.2.

1.3 Knowledgeable User and Telepresence

Part 2 and part 3 in this thesis is about how the wearable computer can be used to enrich the
experience for the wearable computer user and people collocated with her. It also about how
people connected to the wearable computer through a network can share experience with her.
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It has been seen that the wearable computer can with benefit be used to share experience and
knowledge both from and to the wearable computer user.

In part 2 the focus is on how the wearable computer user can be a mediator of knowledge
that people connected to her over the network possess. This is called a knowledgeable user,
as the wearable computer user can use the knowledge from other to interact with people that
are collocated with her. This concept was tested under different fairs and exhibitions and
it was seen how easy a single person could represent the whole department. Even if the
wearable computer user did not know the answer to questions asked, the people connected
to her through the Internet often did know. An answer could therefore be given without a
significant delay to people collocated to the wearable computer user

It was also possible for people connected to the wearable computer over network to use
the wearable computer and its user as a mean for direct communicate with people at the
location of the wearable computer user. This can seem to be something that is not really
important, as the wearable computer user will then only be a carrier of equipment that makes
the communication possible. Other devices could be used that does not waste the time of
the wearable computer user, but by using the wearable computer user for communication
spontaneous meetings becomes easier and the wearable computer can be an active part in the
communication.

When several users are using wearable computers it is possible to have a rich communica-
tion even when being on the move. This can save time and resources, as a wearable computer
user does not need to wait for everyone to be collocated. Briefings, discussions and meetings
about the issue at hand can start when traveling to the location of importance.

It may be said that some usages of wearable computers that are presented in this section
could be done with other equipment but some things that differences the wearable computer
is:

• The user will eventually become more and more used to the wearable computer, thus
making the task of capturing information and conveying this to other participants more
of a subconscious task. This means that the user can still be an active contributing
participant, and not just someone who goes around recording.

• As the head-mounted display aims in the same direction as the user’s head, a more
realistic feeling of presence is conveyed as subtle glances, deliberate stares, seeking
looks and other kinds of unconscious behavior is conveyed. The camera movement
and what is captured on video thus becomes more natural in this sense.

• The participants could interact with the user and tell him to do something or go some-
where. While this is possible even without a wearable computer, this interaction in
combination with the feeling of presence that already existed gave a boost to it all. Not
only did they experience the world as seen through the user’s eyes, but also they were
now able to remotely “control” that user.

When using wearable computers the user together with the wearable computer can be-
come a tool for telepresence. This and the problem related to this is described in more depth
in part 3. When sharing the experience of being at an event with other people connected to
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the user and the wearable computer by network, remote users have experienced a sense of
presence of the location of the wearable computer and its user. The wearable computer user
has in this setup also experienced a presence from the people connected to her over distance
by network. The wearable computer system can easily be too immersive for the user, which
makes the telepresence of people connected through the network stronger. At the same time
it reduces the telepresence of the location for the remote users, as the wearable computer user
is less aware of the real world around her. Because of this it is important to find a balance
between the real and the virtual world for the current situation, so that all participants gets
the best experience.

The experiences presented in this section from using the wearable computer have shown
several areas that are important for this type of usage:

Type of media - The type of media used for communication is important and is closely con-
nected to the situation and the type of communication. This becomes even more impor-
tant when considering communication as a secondary task where the type of media can
really have an effect on how obtrusive the communication task becomes for the primary
task in the real world. Sometimes the type of media that is preferred by the different
participants does not coincide and a possibility for translation between different media
may be needed to make the experience as positive as possible for all parts involved.

The design of the wearable computer- Both the functional and the esthetically design is
important. The wearable computer should not be made so that it is in the way for the
user or other people around her. It should also be designed so that it is easy to start up
and maintain. No extra delay should be present when usage for telepresence and other
communication through the wearable computer is needed. Some work on placement of
the equipment [59, 16, 29] have been done but more work need to be done to find the
requirements when considering communication tasks.

Interaction with the wearable computer - User interface and how to interact with the wear-
able computer is an area where much work is still needed. The WIMP2 type of user
interface that is used on modern personal computers have not worked satisfactory for
wearable computers and other ways for interaction is needed. The different usage of
wearable computers may also have other needs then a desktop computer when it comes
to interruption and notification. In section 1.4 some ways to make the interaction with
wearable computers better are described and analyzed.

1.4 Interaction with a Wearable Computer

When working with wearable computer and communication it becomes clear that interaction
with the wearable computer is an important area. The primary task in the real world should
not suffer to a serious degree by the communication task.

2Windows, Icons, Menus, Pointer.
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1.4.1 Interrupting a Wearable Computer

Doing Interruption wrong can seriously distract a wearable computer user from her primary
task in the real world. A better understanding on how to best interrupt a wearable computer
user is therefore needed to be able to create good and functional user interfaces for these type
of equipment. A user study was conducted and analyzed for understanding how different
types of interruptions affects a wearable computer user. The user study was taken from of a
previous study done by McFarlane [37] and extended for the usage of a wearable computer.
The study was a combination of two different tasks, one primary task and one secondary
task. The primary task was presented on a computer screen located on the desk in front of the
subject. The primary task itself was a simple computer game involving saving people jumping
from a building. This task was always active under the test sessions and the jumpers appeared
randomly. The secondary task was presented in a head mounted display that the subject wore
under all treatments. The task was a matching task where two figures of different colors and
shape were presented in the top of the screen. These shapes are then to be matched with
another figure at the bottom of the screen. The matching that should be done was randomly
chosen between matching color or matching shape. The two task can be seen in figure 1.3.
The matching task interrupted the primary task in three different ways:

1. Negotiated visualMatching tasks are announced visually by flashing a blank matching
task for 150 ms in the head-mounted display. The user can choose when to present and
respond to it, and also to hide it again e.g. in case of a sudden increase in workload in
the game.

2. Negotiated audible Identical toNegotiated visualbut the matching tasks are announced
audibly by playing a bell-like sound for about half a second each time a new matching
task is added.

3. ScheduledMatching tasks are accumulated over a period of time and the entire queue is
presented at regular intervals. The user cannot negotiate when the matching tasks are
presented, and neither can they be hidden once they have appeared. The only way for
the user not to have the tasks presented is to respond to every task in the queue, after
that there will be no interruption until the next interval round.

Apart from these treatments with interruptions two base cases with only the game task
and only the matching task was done to determine how much the interruption affected the
different tasks.

In part 4 this user study is presented together with the objective data that was collected
under the user study. The objective data was analyzed to see how the performance of the
user changed in the two tasks between different treatments. This analyze showed that the
negotiated treatments was better overall. When comparing the different type of notifications
for negotiated treatments, audio seemed to give slightly better performance. The scheduled
treatment had more correct answers in the matching task, but was worse in the number of
matching tasks that was not done and the average delay before a matching task was finished.

A later paper that is presented in part 5 analyzed the subjective data that was gathered in
the same user study. The subjective data suggested that scheduled treatment was the overall
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(a) Primary task (b) Secondary task

Figure 1.3: Screenshots of the two task in the user study

best treatment as both of the negotiated treatments was deemed more stressful. Of the ne-
gotiated treatments the one with and audible notification was said to be the worst and most
stressful.

From these results on how to interrupt a wearable computer the importance of both sub-
jective data and objective data can be seen. If only the objective data would have been consid-
ered the better performance of negotiated treatments with notification, and in that especially
audible notification, would seem to be the best choice. Subjective data gave another picture
thou and showed that audible notification was the most stressful of all treatments and sched-
uled was the treatment that was preferred by users. Both subjective data and objective data
suggested that the type of notification is important for performance and what users prefer. It
is therefore possible that other types of notification can be preferred by users and at the same
time give better performance.

1.4.2 Giving Input

The way of giving input to the wearable computer is important to make the communication
task so unobtrusive as possible for the primary task in the real world. In part 6 a way to give
input to the wearable computer and other surrounding devices is presented. This interaction
is called eventcasting and is designed for easy interaction with the wearable computer and
the surrounding environment.

The idea behind eventcasting is that when the user want to interact with an object it throws
an event on that object. To throw an event the user makes a throwing movement to the object
and the wearable computer will calculate the trajectory of the event and send this out together
with the event on the network. The objects that can receive eventcasting events check if it is
hit by the event and if it is reacts on the event.
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Any type of event can be used in eventcasting the only requirement is that the sender and
the receiver define the event in the same way. If a payload is needed for the event it can
be given in different ways. For example a gesture can be done before the throw or voice
recognition can be used to define the payload, as the event is being thrown.

It is important to understand that eventcasting is not for all type of interaction but is
designed for simple interactions that are done for short periods of time.

1.5 Summary and Conclusion

This thesis has investigated wearable computers and communication. A wearable computer
has been built that is capable of rich communication and have been used to combine different
media to create a mobile media experience that is as closely matched to that of a desktop
computer. Several issues have been found that need more research and a better understanding
of to be able to create the optimal mobile communication solution.

The questions asked in the introduction in section 1.1.1 can now be answered. The first
question wasif a wearable computer with rich communication capabilities can be used for
informal communication when being active in other tasks in the real world?

From section 1.3 we see that wearable computers can with benefit be used for communi-
cation even when being active in other tasks in the real world. The communication task as a
secondary task will always interfere with the primary task but as described in this thesis thing
can be done to minimize this.

The second question;When a wearable computer users i connected to other people
through a network, can she in some way use the knowledge from theses people when in-
teracting with people collocated with her?The answer to this question can also be found
in section 1.3 where the concept of the knowledgeable user is presented. Later in the same
section we find the answer to the third question, which is ifcommunication with a user of a
wearable computer with rich communication capabilities attending an event in some way can
be a substitute for not being there your self?Experience with the wearable computer shows
that telepresence can be created. Fairs, events and similar occasion can be experienced from
distance through the wearable computer user.

How can interruption and interaction be handled with a wearable computer so that the
task on the wearable computer will not be too obtrusive for the users primary task in the real
world? The answer to this last question is found in section 1.4 The importance of interruption
have been presented and a study on interruption and how they should be done to be best for
both performance and the user. A simple interaction method called eventcasting was also
presented that is designed to be simple and unobtrusive when doing other task not related to
the wearable computer in the real world.



12 Thesis Introduction and Summary

1.5.1 Current and Future Work

Work has started for building the next wearable computer. In this new design we are trying
to incorporate the findings that have been seen while doing the work that is presented in this
thesis.

Knowledgeable User and Telepresence

It will be interesting to conduct more formal studies of both the knowledgeable user concept
and the creation of telepresence with wearable computers. To be able to do this it has been
found that the current wearable computer will not work, as it requires an extensive amount of
knowledge from the user to operate it. To be able to create a wearable computer that is useful
for testing on non-technical people a custom made wearable computer may have to be build.

Interaction with Wearable Computers

Under the user studies for interruption many things have been found and new test where this
new information is considered could give more information about the process of interrupting
a wearable computer. There is also a need to find more and new interaction methods for the
wearable computer as many of the interaction methods done on ordinary computer does not
work satisfactory in the context of wearable computers.

1.6 Thesis Organization

The remaining portion of this thesis contains 5 parts, each containing a paper previously
published or submitted for review. All papers are reproduced in this thesis in their original
form with the following exceptions.

All figures, tables and section have been renumbered to provide common numbering
throughout the thesis. The bibliographies of every paper have been removed and a common
bibliography for the whole thesis is instead given in the last section of the thesis. Additionally
a common format for all papers has been applied and typographical errors have been fixed.

1.6.1 Contributions

The contributions for the different papers by the author are:

Paper 1: I am the main author of this paper and it is a result from experience and discussion
made by me and Mikael Drugge.

Paper 2: Mikael Drugge was the main author for this paper. This paper combines experi-
ences made under an extended period of time from both me and Mikael Drugge.
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Paper 3: Mikael Drugge was main author for this paper. The setup and execution of the
the user study was a joint effort by me, Mikael Drugge and Urban Liljedahl. The
conclusion and discussion was done by me together with Mikael Drugge.

Paper 4: I am the main author of this paper, The setup and the experience was a joint effort
by me Mikael Drugge and Urban Liljedahl. The analyze, discussion and conclusion
was mostly done be me together with Mikael Drugge.

Paper 5: Mikael Drugge is the main author of this paper. I contributed in the discussion and
some work in the implementation. I was also part of evaluating the interaction method.



14



Part 2

Sharing Experience and
Knowledge with Wearable

Computers

15





Sharing Experience and Knowledge with Wearable Computers 17

Sharing Experience and Knowledge with Wearable
Computers

Marcus Nilsson, Mikael Drugge, Peter Parnes
Division of Media Technology

Department of Computer Science & Electrical Engineering
Luleå University of Technology

SE-971 87 Luleå, Sweden
{marcus.nilsson, mikael.drugge, peter.parnes}@ltu.se

abstract

Wearable computer have mostly been looked on when used in isolation. But the wearable
computer with Internet connection is a good tool for communication and for sharing knowl-
edge and experience with other people. The unobtrusiveness of this type of equipment makes
it easy to communicate at most type of locations and contexts. The wearable computer makes
it easy to be a mediator of other people knowledge and becoming a knowledgeable user. This
paper describes the experience gained from testing the wearable computer as a communica-
tion tool and being the knowledgeable user on different fairs.

2.1 Introduction

Wearable computer can today be made by of the shelf equipment and are becoming more
common used in some areas as construction, health care etc. Researchers in the wearable
computer area believe that wearable computer will be equipment for everyone that aids the
user all day. This aid is in areas where computers are more suited then humans for exam-
ple memory task. Wearable computer research has been focusing on the usage of wearable
computer in isolation [14].

It is believed in the Media Technology group at Luleå University of Technology that a
big usage of the wearable computer will be the connection the wearable computer can make
possible, both with people and the surrounding environment. Research on this is being con-
ducted in what we call Borderland[40], which is about wearable computer and the tool for it
to communicate with people and technology. A wearable computer with network connection
can make it possible to have a communication with people that are at distant locations inde-
pendent of the users current location. This is of course possible today with mobile phones
etc, but a significant difference with the wearable computer is the possibility of a broader use
of media and the unobtrusiveness of using a wearable computer.

One of the goals for wearable computers is that the user could operate it without diminish-
ing his presence in the real world [6]. This together with the wearable computer as a tool for
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rich1 communication make it possible for new ways of communication. A wearable computer
user could become a beacon of several people’s knowledge and experience, a knowledgeable
user. The wearable computer would not just be a tool for receiving expert help [27] but a tool
to give the impression to other people that the user does have the knowledge in himself.

The research questions this brings forward include by what means communication can
take place, what type of media is important for this type of communication?

There is also the question of how this way of communicating will affect the participants
involved, what advantages and disadvantages there are with this form of communication.

In this paper we present experience that have been made on using wearable computers as
a tool to communicate knowledge and experience from both the user and other participants
over the network or locally.

2.1.1 Environment for Testing

The usage of wearable computers for communication was tested under different fairs that the
Media Technology group attended. The wearable computer was part of the exhibition of the
group and used to communicate with the immobile part of the exhibition. Communication
was also established with remote persons from the group that was not attending the fairs.
Both the immobile and remote participants could communicate with the wearable computer
through video, audio and text.

The type of fairs ranged from small fairs locally to the university for attracting new stu-
dents, to bigger fairs where research was presented for investors and other interested parties.

2.2 Related Work

Collaborative work using wearable computers has been discussed in several publications [2,
3, 56]. The work has focused on how several wearable computers and/or computer users can
collaborate. Not much work has been done on how the wearable computer user can be a
mediator for knowledge and experience of other people. Lyons and Starners work on capture
the experience of the wearable computer user [29] is interesting and some of the work there
can be used for sharing knowledge and experience in real time. But it is also important to
consider the other way around where people are sharing to the wearable computer user.

As pointed out in [14], wearable computers tend to be most often used in isolation. We
believe it is important to study how communication with other people can be enabled and
enhanced by using this kind of platform.

2.3 The Mobile User

We see the mobile user as one using a wearable computer that is seamlessly connected to the
Internet throughout the day, regardless of where the user is currently situated. In Borderland

1With rich we mean that several different media is used as audio, video, text, etc
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we currently have two different platforms which both enable this; one is based on a laptop
and the other is based on a PDA. In this section we discuss our current hardware and software
solution used for the laptop-based prototype. This prototype is also the one used throughout
the remainder of this paper, unless explicitly stated otherwise.

2.3.1 Hardware Equipment

The wearable computer prototype consists of a Dell Latitude C400 laptop with a Pentium
III 1.2 GHz processor, 1 GB of main memory and built-in IEEE 802.11b. Connected to
the laptop is a semi-transparent head-mounted display by TekGear called the M2 Personal
Viewer, which provides the user with a monocular full color view of the regular laptop display
in 800x600 resolution. Fit onto the head-mounted display is a Nogatech NV3000N web
camera that is used to capture video of what the user is currently looking or aiming his head
at. A small wired headset with an earplug and microphone provides audio capabilities. User
input is received through a PS/2-based Twiddler2 providing a mouse and chording keyboard
via a USB adapter. The laptop together with an USB-hub and a battery for the head-mounted
display are placed in a backpack for convenience of carrying everything. A battery for the
laptop lasts about 3 hours while the head-mounted display can run for about 6 hours before
recharging is needed. What the equipment looks like when being worn by a user is shown in
figure 2.1.

Note that the hardware consists only of standard consumer components. While it would
be possible to make the wearable computer less physically obtrusive by using more special-
ized custom-made hardware, which is not a goal in itself at this time. We do, however, try to
reduce its size as new consumer components become available.

There is work being done on a PDA based wearable that can be seen in figure 2.2. The
goal is that it will be much more useful outside the Media Technology group at Luleå Univer-
sity of Technology and by that make it possible to do some real life test on the knowledgeable
user.

2.3.2 Software Solution

The commercial collaborative work application Marratech Pro2 running under Windows XP
provides the user with the ability to send and receive video, audio and text to and from other
participants using either IP-multicast or unicast. In addition to this there is also a shared
whiteboard and shared web browser. An example of what the user may see in his head-
mounted display is shown in figure 2.3.

2.4 Beyond Communication

With a wearable computer, several novel uses emerge as a side effect of the communication
ability that the platform allows. In this section we will focus on how knowledge and expe-

2http://www.marratech.com
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Figure 2.1: The Borderland laptop-based wearable computer.

riences can be conveyed between users and remote participants. Examples will be given on
how this sharing of information can be applied in real world scenarios.

2.4.1 Becoming a Knowledgeable User

One of the key findings at the different fairs was how easily a single person could represent
the entire research group, provided he was mobile and could communicate with them. When
meeting someone, the wearable computer user could ask questions and provide answers that
may in fact have originated from someone else at the division. As long as the remote in-
formation, e.g. questions, answers, comments and advices, was presented for our user in a
non-intrusive manner, it provided an excellent way to make the flow of information as smooth
as possible.

For example, if a person asked what a certain course or program was like at our university,
the participants at the division would hear the question as it was asked and could respond
with what they knew. The wearable computer user then just had to summarize those bits of
information in order to provide a very informative and professional answer.
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Figure 2.2: The Borderland PDA-based wearable computer.

This ability can be further extended and generalized as in the following scenario. Imag-
ine a person who is very charismatic, who is excellent at holding speeches and can present
information to an audience in a convincing manner. However, lacking technical knowledge,
such a person would not be very credible when it comes to explaining actual technical details
that may be brought up. If such a person is equipped with a wearable computer, he will be
able to receive information from an expert group of people and should thus be able to answer
any question. In effect, that person will now know everything and be able to present it all in
a credible manner, hopefully for the benefit of all people involved.

Further studies are needed to find out whether and how this scenario would work in real
life — can for example an external person convey the entire knowledge of, for example a
research group, and can this be done without the opposite party noticing it? From a technical
standpoint this transmission of knowledge is possible to do with Borderland today, but would
an audience socially accept it or would they feel they are being deceived?

Another, perhaps more important, use for this way of conveying knowledge is in health-
care. In rural areas there may be a long way from hospital to patients’ homes, and resources
in terms of time and money may be too sparse to let a medical doctor visit all the patients in
person. However, a nurse who is attending a patient in his home can use a wearable computer
to keep in contact with the doctor who may be at a central location. The doctor can then
help make diagnoses and advise the nurse on what to do. He can also ask questions and
hear the patient answer in his own words, thereby eliminating risks of misinterpretation and
misunderstanding. This allows the doctor to virtually visit more patients than would have
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Figure 2.3: The collaborative work application Marratech Pro as seen in the head-mounted
display.

been possible using conventional means, it serves as an example on how the knowledge of a
single person can be distributed and shared over a distance.

2.4.2 Involving External People in Meetings

When in an online meeting, it is sometimes desirable for an ordinary user to be able to jump
into the discussion and say a few words. Maybe a friend of yours comes by your office while
you are in a conversation with some other people, and you invite him to participate for some
reason, maybe he knows a few of them and just wants to have a quick chat. While this is
trivial to achieve when at a desktop — you just turn over your camera and hand a microphone
to your friend — this is not so easily done with a wearable computer for practical reasons.

Even though this situation may not be that common to deserve any real attention, we have
noticed an interesting trait of mobile users participating in this kind of meetings. The more
people you meet when you are mobile, the bigger chance there is that some remote participant
will know someone among those people, and thus the desire for him to communicate with
that person becomes more prevalent. For this reason, it has suddenly become much more
important to be able to involve ordinary users — those you just meet happenstance — in the
meeting without any time to prepare the other person for it.

A common happening at the different fairs was that the wearable computer user met
or saw a few persons who some participant turned out to know and wanted to speak with.
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Lacking any way besides using the headset to hear what the remote participants said, the only
way to convey information was for our user to act as a voice buffer, repeating the spoken
words in the headset to the other person. Obviously, it would have been much easier to hand
over the headset, but several people seemed intimidated by it. They would all try on the
head-mounted display, but were very reluctant to speak in the headset.3

To alleviate this problem, we found it would likely be very useful to have a small speaker
as part of the wearable computer through which the persons you meet could hear the par-
ticipants. That way, the happenstance meeting can take place immediately and the wearable
computer user need not even take part in any way, he just acts as a walking beacon through
which people can communicate. Of course, a side effect of this novel way of communicating
may well be that the user gets to know the other person as well and thus, in the end, builds a
larger contact network of his own.

We believe that with a mobile participant, this kind of unplanned meetings will happen
even more frequently. Imagine, for example, all the people you meet when walking down a
street or entering a local store. Being able to involve such persons in a meeting the way it has
been described here may be very socially beneficial in the long run.

2.4.3 When Wearable Computer Users Meet

Besides being able to involve external persons as discussed in the section before, there is also
the special case of inviting other wearable computer users to participate in a meeting. This is
something that can be done using the Session Initiation Protocol (SIP)[20].

A scenario that exemplifies when meetings between several wearable computer users at
different locations would be highly useful is in the area of fire-fighting.4 When a fire breaks
out, the first team of firefighters arrives at the scene to assess the nature of the fire and proceed
with further actions. Often a fire engineer with expertise knowledge arrives at the scene some
time after the initial team in order to assist them. Upon arrival he is briefed of the situation and
can then provide advice on how to best extinguish the fire. The briefing itself is usually done
in front of a shared whiteboard on the side of one of the fire-fighting vehicles. Considering
the amount of time the fire engineer spends while being transported to the scene, it would be
highly beneficial if the briefing could start immediately instead of waiting until he arrives.

By equipping the fire engineer and some of the firefighters with wearable computers, they
would be able to start communicate early on upon the first team’s arrival. Not only does this
allow the fire engineer to be briefed of the situation in advance, but he can also get a first
person perspective over the scene and assess the whole situation better. Just as in kraut’s
work [28] the fire engineer as an expert can assist the less knowledgeable before reaching the
destination. As the briefing is usually done with help of a shared whiteboard — which also
exists in the collaborative work application in Borderland — there would be no conceptual
change to their work procedures other than the change from a physical whiteboard to an
electronic one. This is important to stress — the platform does not force people to change

3Another exhibitor of a voice-based application mentioned they had the same problem when requesting people
to try it out; in general people seemed very uncomfortable speaking into unknown devices.

4This scenario is based on discussions with a person involved in fire fighting methods and procedures in Sweden.
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their existing work behavior, but rather allows the same work procedures to be applied in
the virtual domain when that is beneficial. In this case the benefit lies in briefing being
done remotely, thereby saving valuable time. It may even be so that the fire engineer no
longer needs to travel physically to the scene, but can provide all guidance remotely and
serve multiple scenes at once. In a catastrophe scenario, this ability for a single person to
share his knowledge and convey it to people at remote locations may well help in saving
lives.

2.5 Evaluation

The findings we have done are based on experiences from the fairs and exhibitions we have
attended so far, as well as from pilot studies done in different situations at our university.

The communication that the platform enables allows for a user to receive information
from remote participants and convey this to local peers. As participants can get a highly
realistic feeling of “being there” when experiencing the world from the wearable computer
user’s perspective, the distance between those who possess knowledge and the user who needs
it appears to shrink. Thus, not only is the gap of physical distance bridged by the platform,
but so is also the gap of context and situation.

While a similar feeling of presence might be achieved through the use of an ordinary video
camera that a person is carrying around together with a microphone, there are a number of
points that dramatically sets the wearable computer user apart from such.

• The user will eventually become more and more used to the wearable computer, thus
making the task of capturing information and conveying this to other participants more
of a subconscious task. This means that the user can still be an active contributing
participant, and not just someone who goes around recording.

• As the head-mounted display aims in the same direction as the user’s head, a more
realistic feeling of presence is conveyed as subtle glances, deliberate stares, seeking
looks and other kinds of unconscious behavior is conveyed. The camera movement
and what is captured on video thus becomes more natural in this sense.

• The participants could interact with the user and tell him to do something or go some-
where. While this is possible even without a wearable computer, this interaction in
combination with the feeling of presence that already existed gave a boost to it all. Not
only did they experience the world as seen through the user’s eyes, but they were now
able to remotely “control” that user.

2.5.1 The Importance of Text

Even though audio may be well suited for communicating with people, there are occasions
where textual chat is more preferable. The main advantage of text as we see it is that unlike
audio, the processing of the information can be postponed for later. This has three conse-
quences, all of which are very beneficial for the user.
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1. The user can choose when to process the information, unlike a voice that requires
immediate attention. This also means processing can be done in a more arbitrary, non-
sequential, order compared to audio.

2. The user may be in a crowded place and/or talk to other people while the information
is received. In such environments, it may be easier to have the information presented
as text rather than in an audible form, as the former would interfere less with the user’s
normal task.

3. The text remains accessible for a longer period of time meaning the user does not need
to memorize the information in the pace it is given. For things such as URL:s, telephone
numbers, mathematical formulas and the like, a textual representation is likely to be of
more use than the same spoken information.

While there was no problem in using voice when talking with the other participants, on
several occasions the need to get information as text rather than voice became apparent. Most
of the time, the reason was that while in a live conversation with someone, the interruption
and increased cognitive workload placed upon the user became too difficult to deal with. In
our case, the user often turned off the audio while in a conversation so as not to be disturbed.
The downside of this was that the rest of the participants in the meeting no longer had any
way of interacting or providing useful information during the conversation.5

There may also be privacy concerns that apply; a user standing in a crowd or attending
a formal meeting may need to communicate in private with someone. In such situations,
sending textual messages may be the only choice. This means that the user of a wearable
computer need not only be able to receive text, he must also be able to send it. We can even
imagine a meeting with only wearable computer participants to make it clear that sending
text will definitely remain an important need.

Hand-held chord keyboards such as the Twiddler have showed to give good result for
typing [31]. But these types of devices still take time to learn and for those who seldom need
to use them the motivation to learn typing efficiently may never come. Other alternatives that
provide a regular keyboard setup, such as the Canesta KeyboardTM Perception ChipsetTM

that uses IR to track the user’s fingers on a projected keyboard, also exist and may well be
a viable option to use. Virtual keyboards shown on the display may be another alternative
and can be used with a touch-sensitive screen or eye-tracking software in the case of a head-
mounted display. Voice recognition systems translating voice to text may be of some use,
although these will not work in situations where privacy or quietness is of concern. It would,
of course, also be possible for the user to carry a regular keyboard with him, but that can
hardly be classified as convenient enough to be truly wearable.

There is one final advantage of text compared to audio, and that is the lower bandwidth
requirements of the former compared to the latter. On some occasions there may simply not
be enough bandwidth, or the bandwidth may be too expensive, for communicating by other
means than through text.

5This was our first public test of the platform in an uncontrolled environment, so neither of the participants was
sure of what was the best thing to do in the hectic and more or less chaotic world that emerged. Still, much was
learnt thanks to exactly that.
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2.5.2 Camera and Video

Opinions about the placement of the camera on the user’s body varied among the participants.
Most of them liked having the camera always pointing in the same direction as the user’s
head, although there were reports of becoming disoriented when the user turned his head too
frequently.

Some participants wanted the camera to be more body-stabilized, e.g. mounted on the
shoulder, in order to avoid this kind of problem. While this placement would give a more
stable image it may reduce the feeling of presence as well as obscure the hints of what catches
the user’s attention. In fact, some participants expressed a desire to be given an even more
detailed view of what the user was looking at by tracking his eye movements, as that is
something which can not be conveyed merely by having the camera mounted on the user’s
head. As Fussell points out [15] there are problems that have to be identified with head-
mounted cameras. Changing the placement on the body for the camera may solve some of
these problems. However, further studies are needed to draw any real conclusions of the
effects of the different choices when used in this kind of situation.

Some participants reported a feeling of motion sickness with a framerate (about 5 Hz),
and for that reason preferred a lower framerate (about 1 Hz) providing almost a slideshow
of still images. However, those who had no tendency for motion sickness preferred as high
framerate as possible because otherwise it became difficult to keep track of the direction when
the user moved or looked around suddenly.

In [1] it is stated that a high framerate (15 Hz) is desirable in immersive environments to
avoid motion sickness. This suggests our notion of high framerate was still too low, and by
increasing it further it might have helped eliminate this kind of problem.

2.5.3 Microphone and Audio

Audio was deemed as very important. Through the headset microphone the participants
would hear much of the random noise from the remote location as well as discussions with
persons the user met, thereby enhancing the feeling of “being there” tremendously

Of course, there are also situations in which participants are only interested in hearing the
user when he speaks, thereby pointing out the need for good silence suppression to reduce
any background noise.

2.5.4 Transmission of Knowledge

Conveying knowledge to a user at a remote location seems in our experience to be highly
useful. So far, text and audio have most of the time been enough to provide a user with the
information needed, but we have also experienced a few situations calling for visual aids such
as images or video.
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2.6 Conclusions

We have presented our prototype of a mobile platform in form of a wearable computer that
allows its user to communicate with other. We have discussed how remote participants can
provide a single user with information in order to represent a larger group, and also how a
single expert user can share the knowledge he possesses in order to assist multiple persons
at a distance. The benefits of this sharing have been exemplified with scenarios taken from
health-care and fire-fighting situations. The platform serves as a proof-of-concept that this
form of communication is possible today.

Based on experiences from fairs and exhibitions, we have found and identified a number
of areas that need further refinement in order to make this form of communication more con-
venient for everyone involved. The importance of text and the configuration and placement
of video has been discussed.

The equipment used in these trials is not very specialized and can be bought and built
by anyone. The big challenges in wearable computers today are the usage and in this paper
a usage of the wearable computer as a tool for sharing of knowledge and experience was
presented.

2.6.1 Future Work

We currently lack quantitative measures for our evaluation. For this a wearable computer that
ordinary people will accept to use in their everyday life is needed. It is believed that the PDA
based wearable that was mentioned earlier in this paper is that kind of wearable computer
and the plan is to do user test for some of the scenarios that have been mentioned in earlier in
the paper.

There are also plans to improve the prototype with more tools for improving sharing
of experience and knowledge. One thing that is being worked on now is to incorporate a
telepointer over the video so distant participants can share with the wearable computer user
what they are talking about or what have their attention at the moment.
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abstract

We present our experiences of using wearable computers for providing an ambient form of
telepresence to members of an e-meeting. Using a continuously running e-meeting session
as a testbed for formal and informal studies and observations, this form of telepresence can
be investigated from the perspective of remote and local participants alike. Based on actual
experiences in real-life scenarios, we point out the key issues that prohibit the remote inter-
action from being entirely seamless, and follow up with suggestions on how those problems
can be resolved or alleviated. Furthermore, we evaluate our system with respect to overall
usability and the different means for an end-user to experience the remote world.

3.1 Introduction

Wearable computing offers a novel platform for telepresence in general, capable of providing
a highly immersive and subjective experience of remote events. By use of video, audio and
personal annotations and observations, the user of a wearable computer can convey a feeling
of “being there” even to those people who are not. The platform also enables a level of
interaction between remote and local participants, allowing information to flow back and
forth passing through the wearable computer user acting as a mediator. All in all, wearable
computers emerge as a promising platform for providing telepresence, yet this statement also
brings forward the following research questions:

• What form of telepresence can be provided using today’s wearable computing technol-
ogy?

• How can the telepresence provided be seamlessly used and employed in real-life sce-
narios?

• What is required to further improve the experience and simplify its deployment in
everyday life?
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In the Media Technology research group, collaborative work applications are used on a
daily basis, providing each group member with an e-meeting facility from their regular desk-
top computer. In addition to holding more formal e-meetings as a complement to physical
meetings, the applications also provide group members with a sense of presence of each
other throughout the day. This latter case is referred to as the “e-corridor” — a virtual office
landscape in which group members can interact, communicate and keep in touch with each
other. As the e-corridor allows fellow co-workers to be together regardless of their physical
whereabouts, it has become a natural and integrated part of our work environment.

As part of our ongoing research in wearable computing, we have had the wearable com-
puter user join the e-corridor whenever possible; for example at research exhibitions, mar-
keting events and student recruitment fairs. Since the members of our research group are
already used to interact with each other through their desktop computers, we can build on our
existing knowledge about e-meetings to study the interaction that takes place with a wearable
computer user. This gives us a rather unique opportunity for studying the real-life situations
that such a user is exposed to, and derives the strengths and weaknesses with this form of
telepresence.

The key contribution of this paper is our experiences and observations of the current
problems with remote interaction through wearable computing, and what obstacles must be
overcome to make it more seamless. Furthermore, we propose solutions for how these short-
comings can be alleviated or resolved, and how that in turn opens up for further research in
this area.

The organization of the paper is as follows: In section 3.2 we give a thorough introduction
of our use of the e-corridor, serving as the basis for many of our observations and experiments.
This is followed by section 3.3 in which we introduce our wearable computing research, and
discuss how a wearable computer user can partake in the e-corridor. Section 3.4 continues
by presenting our experiences of this form of telepresence, focusing on the shortcomings of
the interaction, both from a technical as well as a social standpoint. The issues identified
are subsequently addressed, followed by an overall evaluation of the system in section 3.5.
Finally, section 3.6 concludes the paper together with a discussion of future work.

3.1.1 Related Work

Telepresence using wearable computers has been studied in a number of different settings.
Early work by Steve Mann, et al., have explored using wearable computers for personal
imaging [33, 35], as well as composing images by the natural process of looking around [34].
Mann has also extensively used the “Wearable Wireless Webcam”1 — a wearable computing
equipment for publishing images onto the Internet, allowing people to see his current view
as captured by the camera. Our work is similar to this in that we use wearable computers to
provide telepresence, yet it differentiates itself by instead conveying the experience into an
e-meeting session.

In computer supported cooperative work (CSCW), telepresence by wearable computers
has often been used to aid service technicians in a certain task. Examples of this include

1http://wearcam.org/
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[56] by Siegel et al. who present an empirical study of aircraft maintenance workers. This
paper addresses telepresence that is not as goal-oriented as typical CSCW applications —
instead, emphasis is laid on what ways there are to convey the everyday presence of each
other, without any specific tasks or goals in mind. Roussel’s work on theWell[53] is a good
example of the kind of informal, everyday, communication our research enables.

A related example is the research done by Ganapathy et al. on tele-collaboration [17] in
both the real and virtual world. This has similarities to our work, yet differs in that we attempt
to diminish the importance of the virtual world, focusing more on bringing the audience to
the real world conveyed by a remote user. The audience should experience a feeling of “being
there”, while the remote user should similarly have a feeling of them “being with him” — but
not necessarily becoming immersed in their worlds.

In [19], Goldberg et al. present the “Tele-Actor”, which can be either a robot or a wearable
computer equipped human person at some remote location, allowing the audience to vote on
where it should go and what it should do. A more thorough description of the “Tele-Actor”
and the voting mechanism in particular can be found in [18]. The function of the “Tele-Actor”
is similar to what is enabled by our wearable computing prototypes, but our paper focuses on
providing that control through natural human to human interaction, rather than employing a
voting mechanism.

As a contrast to using a human actor, an advanced surrogate robot for telepresence is
presented by Jouppi in [24]. The robot is meant to provide a user with a sense of being at a
remote business meeting, as well as give the audience there the feeling of having that person
visiting them. The surrogate robot offers a highly immersive experience for the person in
control, with advanced abilities to provide high quality video via HDTV or projectors, as
well as accurately recreating the remote sound field. Besides our use of a human being rather
than a robot, and not focusing on business meetings in particular, we investigate this area from
the opposite standpoint: Given today’s technology with e-meeting from the user’s desktop,
what kind of telepresence experience can be offered by a human user, and is that experience
“good enough”?

In [2], a spatial conferencing space is presented where the user is immersed in the wear-
able computing world communicating with other participants. Another, highly immersive
experience, is presented in [58] where Tang et al. demonstrate a way for two users to share
and exchange viewpoints generated and explored using head motions. In contrast, our paper
does not strive to immerse the user in the wearable computer, but rather provide the experi-
ence of an ambient, non-intrusive, presence of the participants. The motivation for this choice
is that we want the participants to experience telepresence, and for that reason the remote user
is required to remain focused on the real world — not immersed in a virtual world.

In [30], Lyons and Starner investigate the interaction between the user, his wearable com-
puter and the external context as perceived by the user, for the purpose of performing usability
studies more easily. Our paper reaches similar conclusions in how such a system should be
built, but differentiates itself through our focus on telepresence rather than usability studies.

In [41], we present our experiences from sharing experience and knowledge through the
use of wearable computers. We call this theKnowledgeable Userconcept, focusing on how
information, knowledge and advice can be conveyed from the participants to the user of a



34 Experiences of Using Wearable Computers for Ambient Telepresence...

wearable computer. In this paper, we instead discuss how this information can be conveyed in
the other direction — from the remote side and back to a group of participants. Furthermore,
we elaborate on this concept by discussing the current problems in this setup, our solutions
to these, and how the end result allows us to achieve a more streamlined experience.

3.2 Everyday Telepresence

In the Media Technology research group, collaborative work applications are used on a daily
basis. Not only are regular e-meetings held from the user’s desktop as a complement to
physical meetings, but the application also run 24 hours a day in order to provide the group
members with a continuous sense of presence of each other at all times. In this section, we
will discuss how we use this so-called “e-corridor” to provide everyday telepresence.

The collaborative work application that we use for the e-corridor is called Marratech Pro,
a commercial product from Marratech AB2 based on earlier research [43] in our research
group. Marratech Pro runs on an ordinary desktop computer and allows all the traditional
ways of multimodal communication through use of video, audio and text. In addition, it
provides a shared web browser and a whiteboard serving as a shared workspace, as well as
application sharing between participants. Figure 3.1 shows the e-corridor as a typical example
of a Marratech Pro session.

The members of our research group join a dedicated meeting session, the e-corridor,
leaving the Marratech Pro client running in the background throughout the day. By allowing
those in the group to see and interact with each other, this provides the members with a
sense of presence of each other. Normally, each member works from her regular office at the
university, using the client for general discussions and questions that may arise. Even though
most members have their offices in the same physical corridor, the client is often preferred
as it is less intrusive than a physical meeting. For example, for a general question a person
might get responses from multiple members, rather than just a single answer that a physical
visit at someone’s office may have yielded. Similarly, each member can decide whether to
partake in a discussion or not, based on available time and how much they have to contribute.
The ambient presence provided by running the client throughout the day allows members to
assess their fellows’ workload, glance who are present or not, and in general provide a feeling
of being together as a group.

However, providing presence for people who are still physically close to each other is
not everything; the true advantage of using the e-corridor becomes more apparent when
group members are situated at remote locations. The following examples illustrate how the
e-corridor has been used to provide a sense of telepresence for its members.

Working from home. Sometimes, a person needs to work from their home for some reason;
maybe their child has caught a cold, or the weather is too bad to warrant a long com-
muting distance. In such situations, rather than becoming isolated and only use phone
or email to keep in touch with the outside world, the e-corridor is used to get a sense
of “being at work” together with their fellow co-workers.

2http://www.marratech.com/
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Figure 3.1: A snapshot of a typical Marratech Pro session.

Living in other places. In our research group, some members have for a period of time been
living in another city or country, and thus been unable to commute to their regular office
on a daily, weekly or even monthly basis. For example, one PhD student worked as an
exchange student in another country for several months, while another person for over
a year lived in a city hundreds of miles away. By using the e-corridor, the feeling of
separation became significantly diminished; as testimonied by both the remote person
as well as the local members remaining, it was sometimes difficult to realize that they
were physically separated at all.

Attending conferences.As members of the research group travel to national or international
conferences, they have been accustomed to enjoy their fellow co-workers’ company re-
gardless of time or place. For example, during long and tedious hours of waiting in the
airport, members often join the e-corridor to perform some work, discuss some issue,
or simply to chat with people in general. When attending the conference, the remote
member can transmit speeches with live video and audio to the e-corridor, allowing
people who are interested in the topic to listen, follow the discussion, and even ask
questions themselves through that person. If the remote person is holding a presenta-
tion, it has often been the case that the entire research group has been able to follow it;
encouraging, listening to, and providing support, comments and feedback to the pre-
senter. In a sense, this allows the entire research group to “be there” at the conference
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itself, and it also allows the remote person to experience a similar feeling of having the
group with him.

The seemingly trivial level of presence provided in ways like those described above
should not be underestimated; even with simple means, this form of ambient everyday telep-
resence can have a strong influence on people and their work. Another testimony of the
importance of this form of subtle, ambient, presence can be found e.g. in [46], where Paulos
mentions similar awareness techniques for attaining user satisfaction.

Subsequently, by enabling a wearable computer user to join the e-corridor, the participants
should be able to experience an encompassing form of telepresence. The remote user should
similarly be able to feel the participants as “being with him”, but not necessarily becoming
immersed in the same way as they are.

3.3 Wearable Computers

In this section our wearable computer prototypes are presented, focusing on the hardware and
software used to allow the prototypes to function as a platform for telepresence.

In terms of hardware, the wearable computer prototypes we build are based entirely on
standard consumer components, which can be assembled. The reason for favoring this ap-
proach, rather than building customized or specialized hardware, is that it allows for easy
replication of the prototypes. For example, other researchers or associated companies who
wish to deploy a wearable computing solution of their own, can easily build a similar plat-
form.

The current prototype consists of a backpack containing a Dell Latitude C400 laptop
with built-in IEEE 802.11b wireless network support. The laptop is connected to an M2
Personal Viewer head-mounted display, with a web camera mounted on one side providing
a view of what the user sees. Interaction with the computer is done through a Twiddler2
hand-held keyboard and mouse, and a headset is provided for audio communication. Figure
3.2 shows the prototype when being worn by one of the authors. This setup allows the user
of the wearable computer to interface with a regular Windows XP desktop, permitting easy
deployment, testing and studying of applications for mobility.

To perform studies on remote interaction and telepresence, the platform needs suitable
software — in our case, we have chosen to run the Marratech Pro client. Figure 3.3 shows
the user’s view of the application as seen through the head-mounted display.

There are both advantages and disadvantages with using an existing e-meeting applica-
tion, such as Marratech Pro, for the prototype. The main advantage is that it provides a
complete, fully working, product that our research group already uses on a daily basis. This
is, naturally, a desirable trait rather than “reinventing the wheel” by developing an application
for mobile communication from scratch. It should be noted that as the product is a spin-off
from previous research, we have access to the source code and can make modifications if
needed, adapting it gradually for use in wearable computing scenarios. The second, perhaps
most important advantage, is that the client allows us to participate in the e-corridor. This
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Figure 3.2: The wearable computer prototype being worn by one of the authors.

makes studies, observations and experiments on wearable computing telepresence easy to
deploy and setup.

The disadvantage that we have found lies in the user interface, which albeit suitable for
ordinary desktop computing, can become very cumbersome to use in the context of wear-
able computing. This observation holds true for most traditional WIMP3 user interfaces, for
that matter; as noted e.g. by Rhodes in [51] and Clark in [8], the common user interfaces
employed for desktop computing become severely flawed for wearable computing purposes.
Although the user interface is not streamlined for being used in wearable computing, it re-
mains useable enough to allow a person to walk around while taking part in e-meetings.
Furthermore, the problems that emerge actually serve to point out which functions are re-
quired for wearable computing telepresence, allowing research effort to go into solving those
exact issues. In this way, focus is not aimed at developing the perfect wearable user interface
from scratch, as that can risk emphasizing functionality that will perhaps not be frequently
used in the end. Rather, in taking a working desktop application, the most critical flaws can
be addressed as they appear, all while having a fully functional e-meeting application during
the entire research and development cycle.

3Windows, Icons, Menus, Pointer.
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Figure 3.3: The Marratech Pro client as seen through the user’s head-mounted display.

3.4 Experiences of Telepresence

In this section, the experiences of using a wearable computer for telepresence in the e-corridor
will be discussed. The problems that arose during those experiences will be brought forward,
together with proposals and evaluations on how those issues can be resolved.

The wearable computer prototype has mainly been tested at different fairs and events,
providing a telepresence experience for people within our research group as well as to vis-
itors and students. The fairs have ranged from small-scale student recruitment happenings,
medium-sized demonstrations and presentations for researchers and visitors, and to large-
scale research exhibitions for companies and funding partners. The prototype has been used
in the local university campus area, as well as in more uncontrolled environments — e.g. in
exhibition halls in other cities. In the former case, the necessary wireless network infrastruc-
ture has been under our direct control, allowing for a predictive level of service as the user
roams the area covered by the network. However, in the latter case, the network behavior is
often more difficult to predict, occasionally restricting how and where the user can walk, and
what quality of the network to expect. Both these cases, and especially the latter, serve as
valuable examples on the shifting conditions that a wearable computer user will, eventually,
be exposed to in a real-world setting. We believe it is hard or impossible to estimate many of
these conditions in a lab environment, warranting this kind of studies being made in actual
real-life settings.
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When using a wearable computer for telepresence, unexpected problems frequently arise
at the remote user’s side — problems that are at times both counter-intuitive and hard to
predict. These need to be resolved in order to provide a seamless experience to the audience,
or else the feeling of “being there” risk being spoiled. Below follows the primary issues
identified during the course of our studies.

3.4.1 User Interface Problems

As mentioned previously, the common WIMP user interfaces employed on the desktop does
not work well in wearable computing. The primary reason for this is that the graphical user
interface requires too much attention and too fine-grained level of control, thereby causing
interference with the user’s interaction with the real world. What may not be entirely appar-
ent, however, is that these problems in turn can have severe social implications for the user,
and those in turn interfere and interrupt the experience given to the audience.

As an example, the seemingly trivial task for the user to mute incoming audio will be
given. This observation was initially made at a large, quite formal fair, arranged by funding
partners and companies, but we have experienced it on other occasions as well. In order to
mute audio, the collaborative work application offers a small button, easily accessible through
the graphical user interface with a click of the mouse. Normally, the remote user received
incoming audio in order to hear comments from the audience while walking around at the
fair. However, upon being approached by another person, the user quickly wanted to mute
this audio so as to be able to focus entirely on that person. It was at this point that several
unforeseen difficulties arose.

The social convention when meeting someone typically involves making eye-contact,
shaking hands while presenting yourself, and memorizing the other person’s name and af-
filiation. The deceptively simple task of muting incoming audio involves looking in the head-
mounted display (preventing eye-contact), using the hand-held mouse to move the pointer
to the correct button (preventing you to shake hands), trying to mute the incoming audio
(currently preventing you to hear what the other person says). These conflicts either made it
necessary to ignore the person approaching you until you were ready, or to try to do it all at
once, which was bound to fail. The third alternative, physically removing the headset from
the ear, was often the most pragmatical solution we chose to use in these situations.

Although this episode may sound somewhat humorous, which it in fact also was at that
time, there are some serious conclusions that must be drawn from experiences like this. If
such a simple task as muting audio can be so difficult, there must surely be a number of similar
tasks, more or less complex, that can pose similar problems in this kind of setting. Something
as trivial as carrying the Twiddler mouse and keyboard in the user’s hand, can effectively
prevent a person, or at least make it more inconvenient, to shake hands with someone. As the
risk of breaking social conventions like this will affect the experience for everyone involved
— the remote user, the person approaching, and the audience taking part — care must be
taken to avoid this type of problems.

The specific situation above has been encountered in other, more general forms, on several
occasions. The wearable computer allows for the remote user to work even while conveying
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live audio and video back to participants. An example of when this situation occurs is when
the remote user attends a lecture. The topic may not be of immediate interest to the remote
user, thereby allowing her to perform some other work with the wearable computer in the
meantime. However, those persons on the other side who are following the lecture may find
it interesting, perhaps interesting enough to ask a question through the remote user. In this
case, that user may quickly need to bring up the e-meeting application, allowing her to serve
as an efficient mediator between the lecturer and the other persons. In our experience, this
context switch can be difficult with any kind of interface, as the work tasks need to be hidden
and replaced with the e-meeting application in a ready state. The cost in time and effort in
doing context switches like this effectively prevents a fully seamless remote interaction.

With the goal of providing a seamless and unhindered experience of telepresence, the user
interface for the remote user clearly needs to be improved in general. Rather than trying to
design the ideal user interface — a grand endeavor that falls outside the scope of this paper
— we propose three, easy to implement, solutions to the type of problems related to the user
interface of a wearable telepresence system.

• Utilize a “Wizard of Oz” approach [10]. It is not unreasonable to let a team mem-
ber help controlling the user interface of the remote user, especially not since there is
already a group of people immersed in the remote world. We have done some prelim-
inary experiments on using VNC[52], allowing a person sitting at his local desktop to
assist the user of the wearable computer by having full control of her remote desktop.
For example, typing in long URL:s can be difficult if one is not accustomed to typing
on a Twiddler keyboard, but through VNC the assistant can type them on a keyboard
on demand from the remote user. In a similar experiment, one person followed the
remote user around, using a PDA with a VNC client running that allowed him to give
assistance. It should be noted that this solution still offers some form of telepresence
for the assistant, as that person can still see, via the remote desktop, a similar view as
would have been seen otherwise.

• Automatically switch between real and virtual world. Even a trivial solution such as
swapping between two different desktops — one suitable for the real world (i.e. the
e-meeting application for telepresence), and the other suitable for work in the virtual
domain (i.e. any other applications for work or leisure that the remote user may be
running) — would make life simpler. By letting the switch be coupled to natural actions
performed, e.g. sitting down, standing up, holding or releasing the Twiddler, the user
is relieved of the burden of having to actively switch between two applications. The
advantage may be small, but it can still be significant for efficiently moving between
the real and virtual worlds.

• Reduce the need for having a user interface at all.4 Plain and simple, the less the remote
user has to interact with the computer, the more he can focus on conveying the remote
location to the audience. The hard part here is to find a proper balance, so that the
remote user can still maintain the feeling of having his group present and following
him.

4If a user interface is still required for some reason, our research in theBorderlandarchitecture [40] intends to
provide ubiquitous access to the tools needed.
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3.4.2 Choice of Media for Communicating

For verbal communication, Marratech Pro offers both audio and text. Either media is im-
portant to have access to at certain occasions, as evidenced by our experiences described in
[41]. As the wearable computer user is exposed to a number of different scenarios, being
able to change between these media is a prerequisite for the communication to remain con-
tinuous and free from interruptions. For example, in the case discussed above, the remote
participants’ spoken comments interfered with the user’s real world spoken dialogue. Rather
than muting audio, a better solution would have been if the participants had instead switched
over to sending their comments as text. This is something that is relatively simple to enforce
by pure social protocols; as the participants are already immersed in the world that the user
presents, they will be able to determine for themselves when it is appropriate to speak or not.
However, although users can switch media at their own choice, this is not an ideal solution
for seamless communication. For example, it requires participants to consciously care about
which media to use, and does not take in account that they in turn may prefer one media over
another for some reason.

To alleviate the problem of having all participants agree on using the same media, we
have developed a prototype group communication system in Java that can arbitrarily convert
between voice and text. Running the prototype, a user can choose to send using one media,
while the receiver gets it converted to the other media. For example, a wearable computer
user can choose to receive everything as text, while the other participants communicate by
either spoken or written words. As speech recognition and voice synthesis techniques are
well researched areas, the prototype is built using standard consumer products offering such
functionality; currently the Microsoft Speech SDK 5.15 is used.

The architecture for the system can be seen in figure 3.4. The system accepts incoming
streams of audio or text entering through the network, which are then optionally converted
using speech recognition or voice synthesis, before they are presented to the user. Similarly,
outgoing streams can be converted before they reach the network and are transmitted to the
other participants. In practice, the implementation cannot perform speech recognition at the
receiving side, nor voice synthesis at the sending side, due to limitations in the speech SDK
currently used. Both of these conversions are, however, fully supported at the opposite sides.

The prototype allows the choice of conversions to be made and controlled both locally
and remotely. This means that participants can choose by what media should convey com-
munication from the remote user. For example, the remote user may lack any means for
entering text, forcing her to rely solely on sending and receiving audio for communication.
The participants, on the other hand, may prefer to communicate via text only. E.g. for a per-
son attending a formal meeting, the only way to communicate with the outside world may be
sending and receiving text through a laptop. The person in the meeting may therefore request
the remote prototype to convert all outgoing communication to text. Similarly, the remote
user has his prototype synthesizing incoming text into voice. In this way, a group of people
can communicate with each other, with each person doing it through their preferred media.

The prototype runs under Windows XP serving as a proof of concept. Initial experiments
have been performed using it for communication across different media. In the experiment,

5http://www.microsoft.com/speech/
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Figure 3.4: Architecture of the voice/text converter prototype, enabling communication
across different media.

three persons held a discussion with each other, with each person using a certain media or
changing between them arbitrarily. The results of these experiments indicate that this is
a viable way of enabling seamless communication. Naturally, there are still flaws in the
speech recognition, and background noise may cause interference with the speaker’s voice.
Nevertheless, as further progress is made in research on speech recognition, we consider a
system like this will be able to provide a more streamlined experience of telepresence.

3.5 Evaluation

In this section we will give an overall evaluation of our wearable system for telepresence.
Emphasis will be placed on evaluating its overall usability and the different means for how
an end-user can experience and interact with the remote world.

3.5.1 Time for Setup and Use

The time to setup the system for delivering an experience depends on how quickly partici-
pants and wearable computer users can get ready. The strength of our approach of utilizing
Marratech Pro and the e-corridor is that all participants use the software throughout the day.
This means that in all experiments we have performed, we have never had any requirements
for persons to e.g. move to a dedicated meeting room, start any specific application, or to
dedicate a certain timeslot to follow the experience. For them, the telepresence becomes an
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ambient experience that can be enjoyed as much or as little as desired, all from the comfort
of their own desktop.

As for the user equipped with a wearable computer, the setup time is often much longer
due to the reasons listed below.

• The backpack, head-mounted display, headset and Twiddler are surprisingly cumber-
some to put on and remove. Even though everything is relatively unobtrusive once fully
worn, the time to actually prepare it is too long; for example, the head-mounted dis-
play needs to be arranged properly on the user’s head, and cables become intertwined
more often than not. All this makes the wearable computer less used in situations that
warrant its use within short notice.

• The batteries for the laptop and the head-mounted display need to be charged and
ready for use. As this cannot always be done with just a few hours worth of notice, this
effectively prevents rapid deployment of the wearable computer to capture a certain
event.

• The time for the laptop to start, together with gaining a network connection and launch-
ing the e-meeting application, is about 5 minutes in total — this is too long to be ac-
ceptable.

These are relatively minor problems, yet in resolving them the wearable computer can
become more easily used for telepresence experiences than it is today. We consider this to
be a prerequisite before it will be commonly accepted outside of the research area as a viable
tool for telepresence. Therefore, in order to overcome these limitations, the next generation
wearable system we design shall exhibit the properties listed below.

• By using a vest instead of a backpack containing the wearable computer, the head-
mounted display, headset and Twiddler can be contained in pockets. This way, they
remain hidden until the vest is fully worn and the user can produce them more easily.

• By using an ordinary coat hanger for the vest, a “docking station” can easily be con-
structed that allows battery connectors to be easily plugged in for recharging. This also
makes using the vest-based wearable computer more natural, and thus also more easily
used and accepted by the general public.

• By having the wearable computer always on or in a hibernated state when not worn and
used, it allows easy restoration of the e-meeting so that anyone can wear and operate it
within short notice.

These properties will serve to make the wearable computer easier to wear and use, thereby
making it possible for anyone to wear it in order to deliver an experience of telepresence.

3.5.2 Different Levels of Immersion

The e-corridor normally delivers a live stream of information (e.g. video, audio, chat, etc.)
that the participants can choose to immerse themselves in. Typically, this is also the most
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common way of utilizing e-meeting applications like this. However, previous research in
our group has added other ways of being part of an e-meeting; the first is a web interface
[45], while the second is a history tool [44]. This gives us three distinct levels for how the
telepresence can be experienced.

Marratech Pro. Using the e-meeting application, a live stream of video and audio allows
the participants to get a first-hand experience of the event. The participants can deliver
comments and instructions for the remote user, giving them a feeling of “being there”
and allowing some degree of control of that user. Similarly, the remote user can deliver
annotations and comments from the event, increasing the participants’ experience fur-
ther. What they say, do, and desire all have an immediate effect on the whole group,
making the immersion very encompassing.

Web interface. Occasionally, persons are in locations where the network traffic to the e-
meeting application is blocked by firewalls, or where the network is too weak to deliver
live audio and video streams. To deal with such occasions, research was done on a
web interface [45] that provides a snapshot of the current video, together with the full
history of the text-based chat. The web interface can be seen as a screenshot in figure
3.5. Accessing this interface through the web, participants can get a sense for what is
currently going on at the moment. Although they are not able to get a live, streaming,
experience, the web interface has proven to work good enough to allow participants to
control and follow the wearable computer user around.

For example, at one occasion, a person used to doing demonstrations of the wearable
computer was attending an international conference, the same day as a large exhibition
was to take place at his university back home. As he was away, another person had
to take on his role of performing the demonstration. Due to problems in the network
prohibiting the regular e-meeting client to run properly, the web interface was the only
possible way of joining the e-corridor. Nevertheless, this allowed him to follow that
remote user during the demonstration — offering advice and guidance, and even being
able to talk (through the remote user) to persons he could identify in the video snap-
shots. For this person, the web interface allowed him to “be” at the demonstration,
while he in fact was in another country, and another time zone for that matter, waiting
for the conference presentations to commence. This example serves to illustrate that
very small means seem to be necessary to perform effective telepresence, and also how
a user can seamlessly switch between different levels of immersion and still have a
fruitful experience.

History tool. The history tool [44] is a research prototype that captures and archives events
from an e-meeting session. A screenshot of the tool can be found in figure 3.6. The
tool allows people to search for comments or video events, as well as browse it in
chronological order to basically see what has happened during the last hours, days
or weeks (e.g to see whether a meeting has taken place or not). Snapshots of the
video for a particular user are recorded whenever a user enters a chat message, together
with the text message itself and the time when it was written. Using motion detection
techniques, snapshots are also taken whenever something happens in the video stream.
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Figure 3.5: A screenshot of the Marratech Pro web interface, allowing access to e-meetings
via web browsers.

E.g. when a person enters or leaves their office, video frames from a few seconds before
and after the triggering event will be recorded, thus being able to see whether that
person is actually entering or leaving the room. Naturally, this is mainly suitable and
used for clients equipped with a stationary camera, because a head-mounted camera
tends to move around a lot causing most video to be recorded. Furthermore, events
related to a single person can be filtered out in order to follow that particular person
during the course of a day, for example.

In terms of telepresence, the tool is, as the name suggests, a history tool and as such
does not offer any means for interacting with the persons6. However, it serves as a
valuable starting point for someone who has missed the beginning of e.g. the coverage
of a certain exhibition, and who wants a summary and recap of the course of events
so far. This may be done in order to prepare the user for becoming more immersed
when following the rest of the coverage live, something which can be more easily done
having first received the summary information as a primer.

6For any interaction, either the Marratech Pro client or the web interface can be used.
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Figure 3.6: A screenshot of the Marratech Pro history tool, archiving events of interest.

The advantage of using the history tool, rather than letting the user watch a complete
recording of the events so far, is that the tool often tends to manage capturing the events
that are of key interest. For example, as something is seen by or through the wearable
computer user, the amount of chat and conversations often rise, thereby capturing a
large amount of video as well as audio clips around that point in time. In this way, the
history tool serves as an efficient summary mechanism that implicitly captures events
of interest; the more interest, the more conversations and actions, and the more will be
archived and subsequently reviewed. After having gone through the history tool, the
user can easily switch to more live coverage via the client or web interface. Thus, the
history tool serves to make the transgression from the real world to the immersion in
the remote world more seamless.

3.5.3 Appearance and Aesthetics

We have found that the appearance and looks of the wearable computer can dramatically
influence the audience’s experience of telepresence. What we mean by this statement is that
the user of a wearable computer tends to stand out among a crowd, often drawing a lot of
attention causing more people to approach the person out of curiosity — more so than what
would have been the case without wearing the computer. Sometimes, people even become
intimidated by being confronted with a “living computer” — again, causing people to react
in ways they would not normally do. Although the effects are not always negative7, it is
important to be aware of the fact that they do exist and that they will, invariably, affect how the
remote location is perceived. This becomes even more important to bear in mind considering

7On the contrary, wearable computers often generate much attention and numerous socially beneficial interactions
with people.
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that the audience may have no idea that this takes place, thereby being given a flawed or at
least skewed perception of the remote location.

As telepresence should, in our opinion, be able to offer the participants a representation of
a remote location that is as true and realistic as possible, measures need to be taken to ensure
that the wearable computer will blend in with its user and the surrounding environment. For
this reason, our next generation wearable computer will be smaller and designed to hide the
technology as much as possible, according to the following criteria’s.

• A head-mounted display is difficult to hide and, due to its novelty, draws a lot of at-
tention. With a smaller display, optionally mounted on a pair of glasses, it will be less
noticed and easier to hide. At the same time, it becomes easier to motivate its use
when people ask questions — motivating the use of a large, bulky display does not
tend to sound credible to most people we have met. The less focus that is laid on the
technology permitting telepresence, the more effective will it be.

• Eye-contact is very important; our experiences have shown that for efficient social
interaction, both parties need to see both of each others’ eyes. A semi-transparent
head-mounted display allows the remote user to get eye-contact, yet one eye remains
obscured from the other person’s viewpoint. In this respect, the choice of a semi-
transparent or opaque display has little impact on telepresence — the primary require-
ment is that it allows for eye-contact so that the experience delivered is not hindered.

• The camera is very important as it conveys video to the other participants. As discussed
in [16], there are benefits and drawbacks with different placements, so a definite answer
is hard to give for the case of providing good telepresence. Also, from a socio-technical
standpoint, the question is whether the camera should be hidden well enough not to
disturb the scene it captures, or if it should remain visible to let people know their
actions are being conveyed to other people watching. For the time being, the camera
for our wearable computer will remain head-mounted and visible to the spectators,
since this allows us to effectively convey the scene with a relatively modest level of
disturbance.

Referring to the previous discussion regarding eye-contact; in terms of allowing the au-
dience to “meet” with a remote person seen through the wearable computer, they must
be given the impression of eye-contact with that person. In [7], Chen presents a study
of how accurately persons can perceive eye-contact. The results can be interpreted as
suggesting the upper part of the head, rather than the areas in the lower part or shoulder
areas, as the proper position for a head-mounted camera. Such placement, e.g. on top
of the user’s head or at the sides (as it is in our current setup), should provide a feel-
ing of eye-contact for the audience, without drawing too much attention from the user.
However, a more formal user study is required to validate this hypothesis of proper
placement for eye-contact with a wearable camera.

• The Twiddler mouse and keyboard is currently a prerequisite for interacting with the
wearable computer, yet as discussed before in section 3.4.1, it also interferes with the
user’s interactions in the real world. However, for the sole purpose of providing telep-
resence, the only interaction that is actually required on behalf of the remote user is
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when comments need to be entered as text. This observation means that if the partici-
pants can cope without such feedback, it will free the remote user’s hands and allow for
a more effective interaction with the remote environment. This, in turn, should make
for a better experience that is not interrupted by the technology behind it. Of course,
there is still the question whether this benefit outweighs the lack of textual comments,
but that is likely to vary depending on the event that is covered. There may also be
other types of keyboards, which are less likely to cause this kind of problems, although
we have only utilized the Twiddler so far in our experiments.

• Using a vest rather than a backpack to hold the computing equipment will enable the
user to move around, and especially sit down, much more comfortably. With a back-
pack, the user lacks support for his back when sitting or leaning against objects, at
the same time the added weight of the batteries and laptop cause fatigue in the area of
shoulders and neck. This fatigue tends to reduce the physical movement of the remote
user after long hours of covering an event, and this is detrimental for the audience and
serves to reduce their motivation for following the event. Also, to allow for an im-
mersive telepresence, the remote user should be able to partake in social activities —
especially something as simple such as sitting down discussing with someone over a
cup of coffee. Using a vest, the weight and computing equipment is distributed over
a larger part of the user’s body, thereby making it less obtrusive and permitting more
freedom of movement and positions possible.

The above list constitutes our observations of using wearable computers in telepresence.
Many of the problems are commonly known in the field of wearable computing, yet their
actual implications for telepresence have not been emphasized. Motivated by the need for the
experience to be as effective and unbiased as possible, our conclusion is that the appearance
and aesthetics of a wearable computer must be taken in consideration when planning to use
such a platform for telepresence.

3.5.4 Remote Interactions made Possible

The remote interactions that the system allows is currently limited mainly to unidirectional
communication, coming from the persons at the remote side to the local participants who
receive it. The people at the remote location currently have no way of seeing the participants,
as the remote user is “opaque” in that sense. Participants who wish to speak with remote
persons must do so through the user of the wearable computer, who serves as a mediator
for the communication. This is further described in [41] where we utilize this opacity in the
Knowledgeable Userconcept, where the remote user effectively becomes a representative for
the shared knowledge of the other participants. Except for the option of adding a speaker to
the wearable computer, thus allowing participants to speak directly with remote persons, we
do not have any plans to allow for bidirectional interaction. Rather, we remain focused on
providing an ambient sense of presence to the remote user as well as the participants.
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3.5.5 Summary

We will summarize this evaluation of our wearable telepresence system in three statements,
serving as advice for those who wish to reproduce and deploy a similar system.

• The time to prepare, setup and use the system will influence how much it will be used
in everyday situations, warranting the design of a streamlined system if an investment
in such technology is to be made.

• A participant can easily shift between different levels of immersion, and even with
relatively unsophisticated means get a good experience and interact with the remote
environment.

• The aesthetical appearance of the wearable computing equipment should not be ne-
glected, as this may otherwise influence the people at the remote location for better or
for worse.

3.6 Conclusions

We have presented our experiences of using a wearable computer as a platform for telep-
resence, conveying the presence of a remote location to the participants of a continuously
running e-meeting session. Experiences in real-life scenarios such as fairs, events and ev-
eryday situations, have allowed us to identify shortcomings and subsequently address these
to improve the platform. We have evaluated the platform in terms of overall usability, and
motivated what is of importance for the audience’s experience to be as seamless as possible.
In the introduction, we posed three research questions, which we will now summarize our
answers to.

• The form of telepresence that can be provided using today’s wearable computing tech-
nology can be very encompassing; even with an ordinary e-meeting application at the
user’s desktop, a fruitful experience can be delivered. For users who are already accus-
tomed to enjoy the everyday presence of their fellow co-workers at their desktops, the
step into mobile telepresence is a small one to take in order to extend its reach even
further.

• To deliver a seamless experience of telepresence, the remote user must be able to freely
interact with his environment, without social or technical obstacles that are not part of
what should be conveyed. From a participant’s point of view, having access to multiple
interfaces (i.e. live, via the web, or via historical accounts) through which an event can
be experienced, can be desirable in order for a seamless experience regardless of place
and time.

• To simplify the deployment of wearable telepresence in everyday life, the remote user’s
equipment needs to be unobtrusive to handle and less noticeable, in order not to inter-
fere with the remote environment. The user interface of the remote user must for this
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reason be highly efficient, while for participants an ordinary e-meeting application can
serve to provide an experience that is good enough.

3.6.1 Future Work

We will redesign our current wearable computer prototype and fully incorporate the solutions
suggested in this paper, in order to streamline the user’s interaction with the wearable com-
puter and the surrounding environment. The long-term goal is to make remote interaction
more efficient in general, allowing knowledge to pass back and forth between local and re-
mote participants, either directly through the wearable technology itself or through the user
of it acting as a mediator.
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abstract

A wearable computer equipped with a head-mounted display allows its user to receive no-
tifications and advice that is readily visible in her field of view. While needless interruption
of the user should be avoided, there are times when the information is of such importance
that it must demand the user’s attention. As the user is mobile and likely interacts with the
real world when these situations occur, it is important to know in what way the user can be
notified without increasing her cognitive workload more than necessary. To investigate ways
of presenting information without increasing the cognitive workload of the recipient, an ex-
periment was performed testing different approaches. The experiment described in this paper
is based on an existing study of interruption of people in human-computer interaction, but
our focus is instead on finding out how this applies to wearable computer users engaged in
real world tasks.

4.1 Introduction

As time goes by, wearable computers can be made smaller, increasingly powerful and more
convenient to carry. When such a computer is network enabled within a pervasive computing
environment, its user is able to access a wide range of information while at the same time
allowing her to be notified over the network. Such notification can either be expected like in
a conversation, or it can come unexpectedly in which the recipient has no way of anticipating
the information — neither its content nor its time of arrival. While interrupting the user
needlessly should be avoided in general, this latter kind of notification can be exemplified by
emergency situations in which the user must be notified about an issue and resolve it, yet still
be able to continue functioning in doing real world tasks.

For example, a medical doctor at an emergency site or a fire fighter in a disaster area may
need to perform their normal work in the real world, but at the same time they must also be
kept informed about the progress of other workers and possibly assist with guidance through
a wearable computer. Since the user views both of these tasks as important, it is vital to assess
how the virtual task can be presented for a user while minimizing interference with her real
world task.
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Furthermore, since the wearable computer is meant to act as an assistant for its user in ev-
eryday life, (e.g. as exemplified by the remembrance agent[50] and the shopping jacket[49]),
it is important to increase the knowledge on how interruption of users should be done. As
wearable computers become more common it is important to develop tools to capture data for
usability studies [30]. This should be done so that the future design of wearable computers
can go from building complex and specialized hardware to developing user interfaces that
support the interaction with the user.

The research question this brings forward is how to interrupt the user of a wearable com-
puter without increasing her cognitive workload more than is absolutely necessary. Consider-
ing a wearable computer built out of standard consumer products with basic video and audio
capabilities, what ways are there to present information to the user? In what ways can a user
be notified that new information exists and needs to be dealt with, and which is the most
preferable method for doing so?

Our main hypothesis is that the type of notification will have a disparate impact on the
user’s workload, and that the performance will be affected differently depending on how the
user is allowed to handle the interruptions.

The organization of the paper is as follows. Section 4.2 presents the experiment with
the tasks and treatments used. Section 4.3 discusses the method used for conducting the
experiments, and section 4.4 presents the results. Finally, section 4.5 concludes the paper
together with a discussion of future work.

4.1.1 Related Work

In [38], McFarlane presents the first empirical study of all four known approaches to the
problem of how to coordinate user interruption in human-computer interaction and multiple
tasks. His study is done with respect on how to interrupt the user within the context of
doing computer work without increasing that person’s cognitive workload. A more detailed
description of this study is given in [37].

The study presented in our paper repeats the experiment done in [38], but focuses instead
on the interruption of a wearable computer user involved in real world tasks. We are thus
able to compare the results from both studies to see whether they differ and how the user is
affected by performing the tasks in a wearable computing scenario.

In [23], the use of sensors in order to determine human interruptibility is presented. While
this is most certainly useful and would be highly valuable to have in a wearable computer
environment, our study instead focuses on when the interruption is of such importance that it
cannot be postponed. That is, regardless of how involved the person is in real world tasks, the
interruption must still take place even if that would be intrusive and may affect performance
negatively. As an example of when this would occur, imagine having two tasks of equal
importance, where one task cannot be put on hold for a very long time at the expense of the
other.

In [9] an experiment is presented where a person asks questions to a user playing a game,
thereby interrupting him and forcing him to respond before continuing playing. The study
shows what happens if the asker is given clues about the user’s workload, as that should allow
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him to ask questions at more appropriate times and withhold them during critical periods
in the game. In a wearable computer environment, this information could be conveyed by
sending live video and audio streams from the wearable computer user to a person at a remote
location. However, there are privacy concerns with this approach, and a person being able
to assess the situation does not initiate the interruption — it may be machine initiated or
triggered by events beyond human control. For such occasions, we believe interruption will
still occur even during critical periods of time, and thus it is still desirable to know what
methods of interruption will disturb the user the least.

A related study is Maglio’s study of peripheral information[32] where the user’s cognitive
workload is measured when working on one task while getting unrelated peripheral informa-
tion. The study does not consider the use of wearable computers but is interesting as the use
of peripheral information could be a good way to notify users of such computers. In contrast
to our study, the users did not act on the notification given.

The study made by Brewster[5] shows that sound is important in single tasks when the
visual capabilities of the device are restricted. Our study also investigates the effect of sound
but in a scenario with dual tasks.

4.2 Experiment

The experiment addresses how different methods of interrupting the user of a wearable com-
puter will affect that person’s cognitive workload. The interruption in this case originates
from the wearable computer and calls for the user to interact and then carry on with the real
world task as before. In order to measure the user’s performance in both types of tasks, these
must be represented in an experimental model. This section describes the general idea of
each task and how they are combined in the experiment, the setup is based on that used in
[38].

4.2.1 Real World Task

The experiment has a real world task represented as a trivial yet challenging computer game1

that the user plays on a laptop computer. The objective of the game is to bounce jumping
diplomats on a stretcher three times so that each diplomat lands safely in a truck. A screenshot
from the game can be seen in figure 4.1.

For simplicity, each diplomat jumps and bounces in an identical trajectory so that the
stretcher needs only be placed in any of three fixed positions. If the user misses a diplomat
that person is lost and cannot be saved. The number of saved and lost diplomats is recorded
during the game in order to get statistics about user performance.

The total number of jumping diplomats in a game is held constant, and they appear ran-
domly throughout the game. As the time for each game is kept constant as well, this random-
ness means that at times there may be few or no diplomats while at other times there may be

1Original code by Dr. Daniel C. McFarlane.
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Figure 4.1: The bouncing diplomats game.

several of them that need to be saved. Thus, the user gets a varied task that requires attention
and is difficult to perform automatically.

4.2.2 Interruption Task

The interruption task consists of a matching task2 shown in the user’s semi-transparent head-
mounted display. When the task appears, the user is presented with three objects of varied
color and shape as shown in the example screenshot in figure 4.2. The top object is used as
reference and the user is informed by a text in the middle of the screen to match this object
with one of the two objects at the base. The matching can be either by color or by shape, and
only a single object will match the reference object.

As the color and shape is determined at random, the user should not be able to learn any
specific pattern or order in which they will appear. No feedback is given to the user after
selecting an object regardless of whether the matching is correct or wrong, in order to avoid
additional stress and distraction for the user.

4.2.3 Combining the Tasks

While the user is playing the bouncing diplomats game, he will be interrupted by matching
tasks appearing at random intervals. The tasks are either presented without user intervention
or announced by use of visual or audible notification. For the announced tasks, the user

2Original code by Dr. Daniel C. McFarlane.
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Figure 4.2: The matching task.

negotiates and decides when to present them. When a task is shown, the user may choose to
respond to it by selecting an object or ignore it while continuing with the game. If the task is
not handled fast enough, new matching tasks will be added to a queue (hidden from the user)
that must eventually be taken care of.

To prevent the user from deliberately ignoring the interruption task throughout the entire
game, the user is informed in advance that both tasks are of equal importance from an exper-
imental standpoint. Although personal opinions about the importance of tasks may differ —
e.g. saving the jumping diplomats may be perceived as being more important than matching
objects — pilot testing did not reveal any such bias in our case.

4.2.4 Treatments

In order to investigate the different methods of interrupting the user, five different treatments
were used where each of them tests a certain aspect of the interruption.

1. Game only Control case where only the bouncing diplomats game is played for a given
period of time. The user will never be interrupted in this treatment.

2. Match only Control case where only the matching task appears at random during a given
period of time, the length of it identical to that forGame only. The user will not be
presented with the bouncing diplomats game during this time.

3. Negotiated visualUser plays the bouncing diplomats game. Matching tasks are announced
visually by flashing a blank matching task for 150 ms in the head-mounted display. The
user can choose when to present and respond to it, and also to hide it again e.g. in case
of a sudden increase in workload in the game.
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4. Negotiated audible Identical toNegotiated visualbut the matching tasks are announced
audibly by playing a bell-like sound for about half a second each time a new matching
task is added.

5. ScheduledUser plays the bouncing diplomats game. Matching tasks are accumulated
over a period of time and the entire queue is presented at regular intervals. The user
cannot negotiate when the matching tasks are presented, and neither can they be hidden
once they have appeared. The only way for the user not to have the tasks presented is
to respond to every task in the queue, after that there will be no interruption until the
next interval round.

It should be noted that in [38], six different treatments were used; in addition to the two
control cases (Game onlyand Match only) and theScheduledtreatment wereImmediate,
NegotiatedandMediated. Due to the nature of what this study tests those treatments were
abandoned or modified because of the following reasons:

• Immediatepresents the matching task immediately when it appears, forcing the user
to respond to it as the game is replaced with the matching task. However, as the user
is involved in real world tasks there is no such enforcement as he can simply choose
to ignore the matching task while continuing in the real world. Thus, the treatment is
reduced to a variant ofNegotiated, and therefore it was abandoned.

• Negotiatedwas extended so that an audible announcement was added in addition to
the visual announcement, thus splitting up the treatment in the two separate treatments
Negotiated visualandNegotiated audible. These treatments are identical to the original
Negotiatedtreatment, with the exception that the game is still playable even when a
matching task is present. Since some wearable computers can only notify the user
through audio[55], it is important to see if there exists a difference between audio and
visual notifications when considering the user’s cognitive workload.

• Mediatedmeasured the workload based on the number of diplomats currently being
bounced. For real world tasks the workload may depend on numerous factors, which
can be difficult to take into account outside of a lab environment, so a better approach
is then to monitor the user’s response to the workload. Since a wearable computer is
used, biometric data (e.g. heart and eye blink rate) can be retrieved to derive the user’s
focus and stress level. However, this is in itself a complex study outside the scope of
this paper, and therefore the treatment was abandoned.

The two control cases,Game onlyandMatch only, provide a baseline for the performance
of the user. For the remaining treatments,Negotiated visual, Negotiated audioandScheduled,
they will all interrupt the user and may thereby affect the performance.

4.3 User Study

A total number of 20 subjects were recruited among students and a larger testbed called
“Testbed Botnia” (http://www.testplats.com) where the user study was announced together
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with a set of questions. Individuals wishing to partake in the study responded to the questions
to express their interest. Based on their answers, a heterogeneous group of 16 males and 4
females aged between 12 and 39 years were selected for participation. As members of the
testbed the participants receive points for each study they partake in and can later exchange
those points for merchandise. Due to the test session’s length of 90 minutes, they were also
given a cinema ticket as compensation for their participation in the study. They were also
informed they would receive this ticket unconditionally even if not completing the full study
for some reason.

Upon arrival, each subject was informed by a test leader about the purpose of the study
and how it would be performed. Each treatment was described in general terms, much like
the description in section 4.2.4, but the exact number of diplomats or matching tasks was not
disclosed. The instructions for a specific treatment were also repeated in the pause preceding
each of them. Pilot studies indicated this repetition was useful as it served to remind the
subject of what to expect before proceeding. It also seemed to help in making the atmosphere
in the lab environment less strict and not as tense, thereby making the subjects feel more
comfortable and willing to comment on the experiment.

Before the test, the subject was asked to fill in a questionnaire with general questions
about their computer skill and ability to work under stress. Demographic questions about
their age, gender, education and whether they were color blind were also given; the latter
being relevant since the matching task depends on being able to match corresponding colors.
Two colorblind subjects participated in the study, but they had no problems differentiating
between the colors used in the matching task.

Just before the experiment was started the subject put on the head-mounted display. As
the display is rather sensitive to the viewing angle, a sample image was shown in the display
to help the subject align it properly. The same image was also shown in each pause in the test
session so as to give the subject a chance to adjust it further if needed.

After the test, the subject filled in another questionnaire with questions about the test, e.g.
how they had experienced the treatments and their rating of them in order of preference. They
were also given highly subjective questions, such as which treatment (excluding the control
cases) was the least complex one to perform, even though the number of matching tasks and
jumping diplomats were kept constant in all treatments.

4.3.1 Test Session

The test is a within subjects design with the single factor of different treatments used as
independent variable. The participants were randomly divided into 5 groups; in each group,
the order in which the treatments were presented differed to avoid bias and learning effects.
The order of the treatments in the different groups was chosen to comply with a Latin square
distribution.

The test session consists of each round of treatments being done twice; one practice round
and one experimental round. During the first round the subject is given a chance to learn about
the five treatments — the data from this round is not included in the final results. At the end
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of the practice round, each subject is sufficiently trained for the experimental round; here the
five treatments are done once more but this time the data will be included in the final results.

Session Length. Pilot studies indicated that subject learning had stabilized after about 4.5
minutes, so during the first round each treatment was done only once. Even though learning
stabilized early, the subjects were still required to practice each of the five treatments in order
to learn them in detail. The total effective length of a treatment is 4.5 minutes, when including
the pause the actual length becomes about 5 minutes. The practice round with five treatments
thus takes 25 minutes to complete; adding 5 more minutes for questions makes the practice
round take about 30 minutes in total.

In the experimental round, each treatment is done twice so as to get enough statistically
valid data. Each treatment is divided in two with a short pause in between to give the user time
to relax and get rid of fatigue. Thus, each treatment takes 2 * 4.5 = 9 minutes to complete;
with pauses included the time is about 10 minutes in total. The experimental round will thus
take 50 minutes to complete all five treatments. Adding 10 minutes for the subject to be
instructed and fill in the questionnaires before and after the test makes the entire session take
about 90 minutes to complete.

Number of Diplomats and Matching Tasks. During the practice round a total of 38 jump-
ing diplomats and 40 matching tasks were used per treatment. In the experimental round,
these numbers were raised to 59 diplomats and 80 matching tasks per treatment. The num-
bers were chosen to be the same as in [38] to allow for direct comparisons between the studies.
None of the subjects expressed any negative opinion about this increase; on the contrary it
seemed the added difficulty served as extra motivation.

4.3.2 Apparatus

The apparatus used in the experiment consists of a Dell Latitude C400 laptop with a 12.1”
screen, Intel Pentium III 1.2 GHz processor and 1 GB of main memory. Connected to the
laptop is a semi-transparent head-mounted display by TekGear called the M2 Personal Viewer
providing the user with a monocular full color view in 800x600 resolution. In effect, this
head-mounted display gives the appearance of a 14” screen floating about a meter in front of
the user’s eye. As the display is semi-transparent the user can normally look right through it
without problems, but when the interruption task is presented the view with that eye is more
or less obscured.

The bouncing diplomats game is shown on the laptop’s 12.1” screen in 800x600 resolu-
tion, while the matching task is shown in the head-mounted display in 800x600 resolution.
The actual screen space taken up by the game and matching task is 640x480 pixels, the rest
of the area is colored black.

User input is received through an external keyboard connected to the laptop. In the game,
the user moves the stretcher left and right by pressing the left and right arrow keys, respec-
tively. The matching task is controlled by pressing the “Delete” key to select the left object,
and “Page Down” to select the right object. In theNegotiatedtreatments, pressing the up
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arrow presents a matching task under condition the queue is not empty, while pressing the
down arrow hides any matching task currently presented. As shown in figure 4.3, the natural
mapping of keys as they appear on an ordinary keyboard should make control fairly intuitive
for the user.

Left
object

Right
object

Move
left

Hide

Show

Move
right

Figure 4.3: Keys for controlling the tasks.

The laptop was elevated 20 cm over the table so that the subject when sitting down faces
it approximately straight ahead. By elevating the laptop the head-mounted display was also
more naturally aligned so that the laptop’s screen would be covered, this was done inten-
tionally in order to try and force the user to look through the head-mounted display at all
time. Although an option is to let the head-mounted display be positioned below or above the
user’s normal gaze, the enforcement of looking through it was chosen because such situations
are assumed to occur in real life with this kind of display. Our pilot studies also indicated
the chair and external keyboard allowed the subject to sit comfortably and control the tasks
without strain. Figure 4.4 shows the complete setup.

4.4 Results

The measurements chosen were the same as in [38], in order to allow for an easy comparison
between the two sets of results. The graphs in figure 4.5 show the average value, together
with one standard error, of the measurements below.

Diplomats saved.Number of jumping diplomats saved.

Matched wrong. Number of matching answered wrong.

Percent done wrong.Percentage of matching tasks done answered wrong.

Matches not done.Number of matching tasks not answered before treatment ended.

Average match age.Length between onsets of matching task until it was responded to.
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Figure 4.4: User study setup.

The original study also measured the number of times the subject changed between game
and matching task. However, as the user in our study can switch mentally between tasks
without using the keyboard, this measurement is not valid unless other equipment (e.g. gaze
tracking) is used.

When doing measurements on the same variables and the same subject under different
conditions it is important to accommodate for this in the analysis. A repeated measures
ANOVA was therefore used on the data to see if any significant differences were present
between the treatments. The results of these tests can be seen in table 4.1, indicating that the
means for the measurements are not all equal.

Table 4.1: Repeated measures ANOVA.
Measurement P-value

Diplomats saved <0.0001
Matched wrong 0.0022

Percent done wrong 0.0014
Matches not done 0.0003
Average match age <0.0001

4.4.1 Comparison with Base Cases

When performing a post-hoc statistical paired samples t-test comparing the two base case
treatments,Game onlyandMatch only, with the remaining three treatments, a number of
significant differences were shown to exist. This asserts the assumption that interrupting the
user will have a detrimental effect on that person’s performance. In table 4.2, a summary of
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(a) Diplomats saved.

(b) Matched wrong. (c) Percent done wrong.

(d) Matches not done. (e) Average match age.

Figure 4.5: Average measurements.

these comparisons is shown, indicating whether there is a significant difference between the
base cases and treatments. To accommodate for multiple comparisons, a Bonferroni adjusted
alpha value of 0.008 (0.05/6) is used when testing for significance.

Table 4.2: T-tests of base cases vs. treatments.
Measurement Base Vis. Aud. Sched.

case
Diplomats saved Game <0.0001 0.0013 0.0012
Matched wrong Match 0.0021 0.0014 0.0671

Percent done wrong Match 0.0011 0.0013 0.0406
Matches not done Match 0.1408 0.4189 0.0072
Average match age Match 0.0074 0.0020 <0.0001

The only measurements which were not significantly different from the base case was
“Matches not done” for the twoNegotiatedtreatments, and “Matched wrong” together with
“Percent matched wrong” for theScheduledtreatment. The reason for the former is that the
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subjects often completed roughly the same number of matching tasks as in the base case
treatment. This suggests that allowing subjects to negotiate when to present the matching
task does not cause it to be omitted more than what would have been the case had the match-
ing task been the only task present. The latter indicates that inScheduled, the subject can
better concentrate on the matching tasks. The significant difference for “Matches not done”
compared to theScheduledtreatment is most likely caused by matching tasks being queued
but not presented before the treatment is over.

4.4.2 Pairwise Comparison of Treatments

The three treatmentsNegotiated visual, Negotiated audibleandScheduledwere compared
to each other using a paired samples t-test. Table 4.3 shows a summary of this indicating
whether a significant difference exists between each pair of treatments. A Bonferroni cor-
rected alpha value of 0.008 is used when testing for significance.

Table 4.3: Pairwise t-tests of treatments.
Measurement Vis. / Aud. / Sched. /

Aud. Sched. Vis.
Diplomats saved 0.2152 0.4131 0.1952
Matched wrong 0.1256 0.2315 0.0286

Percent done wrong 0.0959 0.3575 0.0464
Matches not done 0.0471 0.0002 <0.0001
Average match age 0.1258 <0.0001 <0.0001

As shown in table 4.3, there were no significant differences in terms of diplomats saved
or matching tasks done answered wrong. This means that our test was not sensitive enough to
uncover any differences, if such exists, between the treatments for these measurements. How-
ever, the “Average match age” measurement is significantly different between theScheduled
and the twoNegotiatedtreatments. For the twoNegotiatedtreatments, the difference is not
significant enough (p = 0.1258). Nevertheless, the performance of certain subjects together
with their comments indicate that there may still be an underlying difference that was not
fully uncovered by our study. When relating to what is shown in the graph in figure 4.5(e),
the average age of a matching task is less forNegotiated audiblethan forNegotiated visual.
Thus, the use of sound may be a stronger reminder that there are matching tasks to per-
form, compared to using a visual signal. Furthermore, the graph in figure 4.5(d) shows that
the number of tasks not done is also less forNegotiated audiblethan forNegotiated visual.
While it is not marked as significant in the table (p = 0.0471), it still suggests that a difference
may exist. This strengthens the indication that sound can have a higher impact on subjects
when it comes to reminding them to perform the matching tasks.

As an audible announcement seems to be stronger than a visual one, it is of interest
to know how this affects the number of diplomats saved. Referring to the graph in figure
4.5(a), there is a minor advantage of audio over visual with nearly one more diplomat saved
in Negotiated audible, but this difference is not significant enough (p = 0.2152) to draw
any conclusions from. Also, referring to the graphs in figures 4.5(b) and 4.5(c) shows an
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advantage of audio over visual when it comes to reducing the number and percentage of
matching tasks answered wrong, but these are also not significant enough (p = 0.1256, p
= 0.0959). Further studies are needed to see whether the advantage of audible over visual
announcements have a positive effect also for these.

The Scheduledtreatment left significantly more matching tasks undone at the end of a
treatment compared to the negotiated treatments. The reason is that when tasks are presented
just before the end of the treatment, a large number of them may be in the queue and are not
answered before the time runs out. The other measurements were, however, better inSched-
uled than in the negotiated treatments. This suggests that our decision to skip theImmediate
condition was erroneous, and that it is likely to have exhibited the benefits ofScheduled
without the drawback of high average age.

4.4.3 Comparison with Original Study

In general, the subjects’ in our study scored better results than in the original study[38]. This
is most likely caused by the different setting in which our study was done; as the two tasks
could run simultaneously without the matching task blocking input for the game, the user
could quickly switch mentally back and forth between them. The user could answer the
matching tasks while still seeing the game in the background, and could thus more easily
detect when the game task needed attention. The number of diplomats saved was around
10% higher forGame only, and one third higher for our twoNegotiatedtreatments. This did
not, however, affect the matching task negatively; the number of tasks answered wrong was
around 45–55% less, suggesting our setup was less prone to leave subjects making wrong
decisions. The number of tasks not done was 40–72% less for both negotiated treatments in
our study; while inScheduledit was 56% higher. Likely the subjects in the original study
were more cautious to switch to the matching task, while inScheduledthey had to finish
answering them before proceeding with the game. In our study they could switch freely
between the dual tasks, explaining this difference. Our average match age was 2 seconds
higher forMatch only, 5 seconds higher forNegotiated visual, yet only 1 second higher for
Negotiated audible. ForScheduled, the average age was 26 seconds higher since the subjects
could still play the game while the queue of tasks was present.

Audio notification was not used in the original study, but appeared to give a slightly better
result than for visual, suggesting that the type of notification can be significant.

4.4.4 Subjective Comments

In addition to the quantitative data presented in the previous sections, there is also some qual-
itative data of interest. This data was given either by word of mouth or as written comments
in the questionnaires the subjects filled in.

Three subjects reported that the use of sound inNegotiated audiblelost its meaning when
it was played at the same time as a diplomat was bounced. The sound was merely interpreted
as a “bouncing sound” and not as an indication that there was a new matching task to perform,
even though participants were fully aware of the actual meaning of the sound. This suggests
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that for certain tasks, care must be taken not to let the sound coincide and relate to the task
— especially if the two tasks are meant to be disjoint.

Two subjects reported that hearing a sound was more difficult to relate to in a temporal
sense compared to seeing a visual flash. At times the subjects made an attempt to show the
matching tasks, only to realize that no new tasks had been added. Apparently the chronolog-
ical order of when a sound is played can be more difficult to determine compared to when a
visual flash is shown, at least when the task to be informed about is also done in the visual
domain. Whether the same situation would occur for a task in the audible domain remains an
open question.

4.5 Conclusions

We have presented a study investigating the interruption of a wearable computer user, some
of the methods to achieve this and what effects they will have on the user. The results indi-
cate that the scheduled treatment gave the best results, with the drawback of a considerably
higher average age before tasks were answered. The negotiated treatments, where the user
could decide when to handle the interruptions, were more useful when considering the overall
performance of the user; they had a much shorter average task age with only slightly worse
performance compared to the scheduled treatment. It was suggested that an audible notifi-
cation increased the performance of the matching tasks, while at the same time not affecting
the game task negatively compared to the visual treatment. However, a more detailed study
is required to assert the significance of this observation. All in all, this indicates that both
hypotheses posed in the introduction are true; a user’s performance is affected by how in-
terruptions are allowed to be handled, and the type of notification used will have a further
impact.

4.5.1 Future Work

As the user has no direct feedback about the number of interruption tasks currently in the
queue, it may be interesting to investigate how such feedback would affect the results. Would
the user appreciate seeing this number to plan ahead or would it merely have a detrimental
effect?

In the experimental setup, the subjects were enforced to look through the head-mounted
display. An alternative is to have the display placed to either side, above or below the subject’s
normal gaze. By not obscuring the game it should be easier to selectively focus on either task,
but on the other hand that may make one task easier to ignore.
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abstract

An important part of making a wearable computer unobtrusive is the user interface and the
way it interrupts the user. The amount of interruption that has to be made on the users pri-
mary task should be minimized. Usage without interruption is of course best for the perfor-
mance of the primary task but is often not possible, as many tasks that the wearable computer
is involved in do need interaction with the user. It is therefore important to understand what
type of interruption that will benefit the user most. The question about which interruption that
causes the least amount of stress for the user is as important as which interruption that gives
the best performance. This paper continues on previous work where performance of the users
was measured for different types of interruption. In this paper subjective data is analyzed to
understand how to build user interfaces for wearable computers and head mounted displays
that considers stress and other subjective variables.

5.1 Introduction

The Wearable computer is designed to help the user without being obtrusive. People have
worked on making it smaller, finding areas for comfortable placement on the body [4] and
finding good user interface to name a few examples. How to interrupt the user is an area that
is becoming more important in pervasive computing[36] and when working with interfaces
for devices that tries to be unobtrusive, such as a wearable computer. The best would of
course be if no interruption had to be made at all, but in many cases it will be impossible to
achieve results without interrupting the user. It is therefore important to understand how to
interrupt a wearable computer user in the best way.

A user could for example be in a chat session with someone while at the same time
being occupied in the real world with another task. In this scenario the interruptions will
be expected, as messages in a chat will often arrive within certain timeframes. Another
type of interruption can be an important phone call that the user must answer. This kind of
interruption will be unexpected and may need the users immediate attention.
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The latter kind of notification can be further exemplified by emergency situations in which
the user must be notified about an issue and resolve it, yet still be able to continue with doing
real world tasks.

For example, a medical doctor at an emergency site or a fire fighter in a disaster area may
need to perform their normal work in the real world, but at the same time they must also be
kept informed about the progress of other workers and possibly assist with guidance through
a wearable computer. Since the user views both of these tasks as important, it is vital to assess
how the virtual task can be presented for a user while minimizing interference with her real
world task, but at the same time minimize stress and other long run variables that decrease
performance.

Furthermore, since the wearable computer is meant to act as an assistant for its user in ev-
eryday life, (e.g. as exemplified by the remembrance agent[50] and the shopping jacket[49]),
it is important to increase the knowledge on how interruption of users should be done. As
wearable computers become more common it is important to develop tools to capture data for
usability studies [30]. It is important that these studies not only see to what performance the
user achieves with the wearable computer, but also looks at subjective data as what interface
and system creates more stress and which system and interface is preferred by the user.

The research question this brings forward is what types of interruption users in dual task
situations prefer and what type of interruption and notification creates the least stressful envi-
ronment? There is also a question if there exist a conflict between the interruption that gives
best performance and what users will prefer?

Our main hypothesis is that the type of notification will have a disparate impact on the
user’s workload, and that performance and stress for the user will be affected differently
depending on how she is allowed to handle the interruptions.

This paper builds on earlier work by the authors that is published in [13] where the objec-
tive data for a user study was analyzed. This paper takes the subjective data that was gathered
in the same user study and analyses it and also compares the results to the results from the
objective data in previous work.

The organization of the paper is as follows. Section 5.2 presents the primary and sec-
ondary task used in the study. Section 5.3 explains the previous work done on objective data.
Section 5.4 discusses the study made and how the subjective data was collected, and section
5.5 presents the results. Finally, section 5.6 concludes the paper together with a discussion of
future work.

5.1.1 Related Work

In [38], McFarlane presents the first empirical study of all four known approaches to the prob-
lem of how to coordinate user interruption in human-computer interaction and multiple tasks.
His study is done with respect to how to interrupt the user within the context of doing com-
puter work without increasing that person’s cognitive workload. A more detailed description
of this study is given in [37].

The study presented in our paper repeats the experiment done in [38], but focuses on the
interruption of a wearable computer user involved in real world tasks. We are thus able to
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compare the results from both studies to see whether they differ and how the user is affected
by performing the tasks in a wearable computing scenario.

In [23], the use of sensors in order to determine human interruptibility is presented. While
this is most certainly useful and would be highly valuable to have in a wearable computer
environment, our study instead focuses on when the interruption is of such importance that it
cannot be postponed. That is, regardless of how involved the person is in real world tasks, the
interruption must still take place even if that would be intrusive and may affect performance
negatively. As an example of when this would occur, imagine having two tasks of equal
importance, where one task cannot be put on hold for a very long time at the expense of the
other.

In [9] an experiment is presented where a person asks questions to a user playing a game,
thereby interrupting him and forcing him to respond before continuing playing. The study
shows what happens if the asker is given clues about the user’s workload, as that should allow
him to ask questions at more appropriate times and withhold them during critical periods in
the game. In a wearable computer environment, sending live video and audio streams from
the wearable computer user to a person at a remote location could convey this information.
However, there are privacy concerns with this approach, and it may also be the case that
a person being able to assess the situation does not initiate the interruption — it may be
machine initiated or triggered by events beyond human control. For such occasions, we
believe interruption will still occur even during critical periods of time, and thus it is still
desirable to know what methods of interruption will disturb the user the least.

A related study is Maglio’s study of peripheral information [32] where the user’s cog-
nitive workload is measured when working on one task while getting unrelated peripheral
information. The study does not consider the use of wearable computers, but is interesting as
the use of peripheral information could be a good way to notify users of such computers. In
contrast to our study, the users did not act on the notification given.

The study made by Brewster [5] shows that sound is important in single tasks when the
visual capabilities of the device are restricted. Our study also investigates the effect of sound
but in a scenario with dual tasks.

5.2 The Dual Task

The setup used in this study is taken from [38] and redone to fit in a scenario where the
secondary task is presented in a head mounted display, which is common on wearable com-
puters. The experiment has two distinct parts, the primary task and the secondary task. The
tasks should be of equal importance to the subject. The primary task is constantly running
while the secondary task interrupts the user with different type of methods. To decrease the
chance that subjects would bias the importance of any of the tasks it was made clear by both
by written and spoken instructions that both tasks are of equal importance.
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5.2.1 Primary Task

The experiment has a real world task represented as a trivial yet challenging computer game1,
which the user plays on a laptop computer. The objective of the game is to bounce jumping
diplomats on a stretcher three times so that each diplomat lands safely in a truck. A screenshot
from the game can be seen in figure 5.1.

Figure 5.1: The bouncing diplomats game.

For simplicity, each diplomat jumps and bounces in an identical trajectory so that the
stretcher needs only be placed in any of three fixed positions. If the user misses a diplomat
that person is lost and cannot be saved. The number of saved and lost diplomats is recorded
during the game in order to get statistics about user performance.

The total number of jumping diplomats in a game is held constant, and they appear ran-
domly throughout the game. As the time for each game is kept constant as well, this random-
ness means that at times there may be few or no diplomats while at other times there may be
several of them that need to be saved. Thus, the user gets a varied task that requires attention
and is difficult to perform automatically.

5.2.2 Secondary Task

The interruption task consists of a matching task2 shown in the user’s semi-transparent head-
mounted display. When the task appears, the user is presented with three objects of varied

1Original code by Dr. Daniel C. McFarlane.
2Original code by Dr. Daniel C. McFarlane.
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colors and shape as shown in the example screenshot in figure 5.2. The top object is used as
reference and the user is informed by a text in the middle of the screen to match this object
with one of the two objects at the base. The matching can be either by color or by shape, and
only a single object will match the reference object.

As the color and shape is determined at random, the user should not be able to learn any
specific pattern or order in which they will appear. No feedback is given to the user after
selecting an object regardless of whether the matching is correct or wrong, in order to avoid
additional stress and distraction for the user.

Figure 5.2: The matching task.

5.2.3 Treatments

In order to investigate the different methods of interrupting the user, five different treatments
were used where each of them tests a certain aspect of the interruption.

1. Game only Control case where only the bouncing diplomats game is played for a given
period of time. The user will never be interrupted in this treatment.

2. Match only Control case where only the matching task appears at random during a given
period of time, the length of it identical to that forGame only. The user will not be
presented with the bouncing diplomats game during this time.

3. Negotiated visualUser plays the bouncing diplomats game. Matching tasks are announced
visually by flashing a blank matching task for 150 ms in the head-mounted display. The
user can choose when to present and respond to it, and also to hide it again e.g. in case
of a sudden increase in workload in the game.
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4. Negotiated audible Identical toNegotiated visualbut the matching tasks are announced
audibly by playing a bell-like sound for about half a second each time a new matching
task is added.

5. ScheduledUser plays the bouncing diplomats game. Matching tasks are accumulated
over a period of time and the entire queue is presented at regular intervals. The user
cannot negotiate when the matching tasks are presented, and neither can they be hidden
once they have appeared. The only way for the user not to have the tasks presented is
to respond to every task in the queue, after that there will be no interruption until the
next interval round.

It should be noted that in [38], six different treatments were used. In addition to the
two control cases (Game onlyandMatch only) and theScheduledtreatment wereImmediate,
NegotiatedandMediated. Due to the nature of what this study tests those treatments were
abandoned or modified because of the following reasons:

• Immediatepresents the matching task immediately when it appears, forcing the user
to respond to it as the game is replaced with the matching task. However, as the user
is involved in real world tasks there is no such enforcement as he can simply choose
to ignore the matching task while continuing in the real world. Thus, the treatment is
reduced to a variant ofNegotiated, and therefore it was abandoned.

• Negotiatedwas extended so that an audible announcement was added in addition to
the visual announcement, thus splitting up the treatment in the two separate treatments
Negotiated visualandNegotiated audible. These treatments are identical to the original
Negotiatedtreatment, with the exception that the game is still playable even when a
matching task is present. Some wearable computers can only notify the user through
audio[55] and the best type of notification can vary dependent on the context [62, 39],
in this case wearable computers. It is therefore important to study if there exists a
difference between audio and visual notifications when considering the user’s cognitive
workload and stress when using wearable computers.

• Mediatedmeasured the workload based on the number of diplomats currently being
bounced. For real world tasks the workload may depend on numerous factors that can
be difficult to take into account outside of a lab environment, so a better approach is
then to monitor the user’s response to the workload. Since a wearable computer is
used, biometric data (e.g. heart and eye blink rate) can be retrieved to derive the user’s
focus and stress level. However, this is in itself a complex study outside the scope of
this paper, and therefore the treatment was abandoned.

The two control cases,Game onlyandMatch only, provide a baseline for the performance
of the user. For the remaining treatments,Negotiated visual, Negotiated audioandScheduled,
they will all interrupt the user and may thereby affect the performance.
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5.3 Previous Work

The measurements made are to see the effect on performance when using different meth-
ods for interrupting the wearable computer. The measurements chosen were the same as in
[38], in order to allow for an easy comparison between the two sets of results. The result
from the objective measurements are examined more in depth in a previous paper [13] and
is in this paper covered only briefly for comparison with the subjective data. The objective
measurements are:

Diplomats saved.Number of jumping diplomats saved.

Matched wrong. Number of matching tasks answered wrong.

Percent done wrong.Percentage of matching tasks done answered wrong.

Matches not done.Number of matching tasks not answered before treatment ended.

Average match age.Length between onsets of matching task until it was responded to.

The original study also measured the number of times the subject changed between game
and matching task. However, as the user in our study can switch mentally between tasks
without using the keyboard, this measurement is not valid unless other equipment (e.g. gaze
tracking) is used.

5.3.1 Results

The data collected in the treatments where tested for significant differences between the treat-
ments. A multiple measurement ANOVA was made over all the treatments to be sure that
significant difference existed between the different groups of data. The ANOVA showed that
a significant difference existed between the treatments. A post hoc analysis with paired t-test
and Bon Ferroni correction was made between the different treatments in pair to find which
had significant difference. The result of these tests can be seen in table 5.1

Table 5.1: Pair wise t-tests of treatments.
Measurement Vis. / Aud. / Sched. /

Aud. Sched. Vis.
Diplomats saved 0.2152 0.4131 0.1952
Matched wrong 0.1256 0.2315 0.0286

Percent done wrong 0.0959 0.3575 0.0464
Matches not done 0.0471 0.0002 <0.0001
Average match age 0.1258 <0.0001 <0.0001

The measurements show only a significant difference in matching not done and average
match age. This difference can probably be related to the fact that some matching tasks where
queued and showed up to late in the end of the treatment so that the subject did not have time
to finish all of them.
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Even if there is no significant difference in other variables then average match age and
matches not done a slightly better result could be seen on the scheduled treatment. A slightly
better performance for audible could also be seen between the audible and visual negotiated
treatment. More tests must be made before anything can be said about this for sure though.

5.4 The Study

A test group of 20 subjects were recruited from several sources including a larger testbed in
northern Sweden called "Testbed Botnia"3. Participants in the user study were given a cinema
ticket for their help. It was clearly stated that this ticket would be given even if the subject did
not fulfill the whole study. The subjects that applied through "Testbed Botnia" also received
points that can later be exchanged for discounts on merchandise by "Testbed Botnia".

Upon arrival, a test leader informed each subject about the purpose of the study and
how it would be performed. Each treatment was described in general terms, much like the
description in section 5.2.3, but the exact number of diplomats or matching tasks was not
disclosed. The instructions for a specific treatment were also repeated in the pause preceding
each of them. Pilot studies indicated this repetition was useful as it served to remind the
subject of what to expect before proceeding. It also seemed to help in making the atmosphere
in the lab environment less strict and not as tense, thereby making the subjects feel more
comfortable and willing to comment on the experiment.

Just before the experiment was started the subject put on the head-mounted display. As
the display is rather sensitive to the viewing angle, a sample image was shown in the display
to help the subject align it properly. The same image was also shown in each pause in the test
session so as to give the subject a chance to adjust it further if needed.

5.4.1 Test Session

The test is a within subjects design with the single factor of different treatments used as
independent variable. The participants were randomly divided into 5 groups; in each group,
the order in which the treatments were presented differed to avoid bias and learning effects.
The order of the treatments in the different groups was chosen to comply with a Latin square
distribution.

5.4.2 Session Length.

The experiment started with the user being able to try and learn every treatment before data
was gathered to avoid learning effects. Under the learning treatments the subject was free to
ask questions at any time. The learning treatments took about 30 minutes with question and
instructions. The time for the treatments was twice as long for the case of being able to gather
enough data. This makes the total time for the experiment around 90 minutes

3http://www.testplats.com
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5.4.3 Apparatus

The apparatus used in the experiment consists of a Dell Latitude C400 laptop with a 12.1”
screen, Intel Pentium III 1.2 GHz processor and 1 GB of main memory. Connected to the
laptop is a semi-transparent head-mounted display by TekGear called the M2 Personal Viewer
providing the user with a monocular full color view in 800x600 resolution. In effect, this
head-mounted display gives the appearance of a 14” screen floating about a meter in front of
the user’s eye. As the display is semi-transparent the user can normally look right through it
without problems, but when the interruption task is presented the view with that eye is more
or less obscured.

The bouncing diplomats game is shown on the laptop’s 12.1” screen in 800x600 resolu-
tion, while the matching task is shown in the head-mounted display in 800x600 resolution.
The actual screen space taken up by the game and matching task is 640x480 pixels; the rest
of the area is colored black.

User input is received through an external keyboard connected to the laptop. In the game,
the user moves the stretcher left and right by pressing the left and right arrow keys, respec-
tively. The matching task is controlled by pressing the “Delete” key to select the left object,
and “Page Down” to select the right object. In theNegotiatedtreatments, pressing the up
arrow presents a matching task under condition the queue is not empty, while pressing the
down arrow hides any matching task currently presented. As shown in figure 5.3, the natural
mapping of keys as they appear on an ordinary keyboard should make control fairly intuitive
for the user.

Left
object

Right
object

Move
left

Hide

Show

Move
right

Figure 5.3: Keys for controlling the tasks.

The laptop was elevated 20 cm over the table so that the subject when sitting down faces
it approximately straight ahead. By elevating the laptop the head-mounted display was also
more naturally aligned so that the laptop’s screen would be covered, this was done inten-
tionally in order to try and force the user to look through the head-mounted display at all
time. Although an option is to let the head-mounted display be positioned below or above the
user’s normal gaze, the enforcement of looking through it was chosen because such situations
are assumed to occur in real life with this kind of display. Our pilot studies also indicated



80 A Study on Users’ Preference on Interruption When Using Wearable Computers...

the chair and external keyboard allowed the subject to sit comfortably and control the tasks
without strain. Figure 5.4 shows the complete setup.

Figure 5.4: User study setup.

5.4.4 Collecting Subjective Data

It is important to compare what the subject felt and thought under the experiment with the
objective data of the subjects’ performance under the test. Questions about how the user felt
under different treatments were therefore given to understand not only what treatment gave
best performance but also what treatment made the user less stressed and most comfortable
in the dual tasks situation. The questionnaires are taken from [37] and are extended to fit this
setup and also translated to Swedish.

Questionnaire Before Treatments

The first questionnaire given before the first treatment was to determine what person the
subject is. Demographic question about gender, age and education was given but also ques-
tions about computer and gaming experience. Questions were also asked to get the subjects’
thoughts about her performance in the areas of dual tasks and interruptions.

Question about colorblindness was also asked, since the matching task depends on being
able to match corresponding colors. Two colorblind subjects participated in the study, but
they had no problems differentiating between the colors used in the matching task.
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Questionnaire After Treatments

The second questionnaire was to get a picture about the subjects more subjective thoughts
about the treatments. To understand this the subject were given question about experienced
stress and how she liked different part of the experiment. She was also asked to rank the
different treatments in order of preferences. The ranking was made dependent on which she
liked best for different criteria’s, the experienced stress, the feeling of interruption and how
easy it was to foretell interruption. She was also given highly subjective questions, such as
which treatment was the least complex one to perform, even though the number of matching
tasks and jumping diplomats were kept constant in all treatments.

5.5 Results

Subjective data was gathered through questionnaires described in section 5.4.4 but also ver-
bally through comments that the subject expressed under the treatments. The ranking that
was made showed that a majority of the subject preferred the scheduled treatment before the
notification treatments. A slightly less number of users but still in majority thought that the
scheduled treatment was better for solving the double tasks. As the extra work involved in no-
tification was said to be easy by the subjects the answer to why schedule was preferred must
be somewhere else. When looking on the ranking on treatments dependent on how stressed
the subject felt we can see a relation to what treatment the subjects’ preferred. Subjects felt
more stressed by negotiated treatments then by the scheduled treatment even if they felt more
interrupted by the schedule treatment. It is also important to point out that the audio notifica-
tion was selected as giving more stress than visual notification. The opposite was true for the
feeling of interruption where subjects thought that visual notification felt more interrupting.
A reason for why subjects found themselves more stressed in negotiated treatments can be
seen in the ranking of how busy the subject felt when interrupted in the treatments. In this
ranking, negotiated and in majority audible notification was selected as the treatment that
interrupted when the user felt mostly busy. Scheduled was also selected by a majority to be
the treatment that made it most easy to continue the primary task after an interruption.

The subjects were also asked to rank treatments dependent on how distracting the treat-
ment was and the answers were equally divided between notification and schedule treatments
and the different type of notification was divided equally on first and second place or second
and third place when schedule was ranked first.

The preferred treatment when considering only the matching task and the game task was
divided equally on negotiated treatments and scheduled treatments.

5.5.1 Analyzing the Groups

The subjects were divided into groups dependent on the ranking that they had made of treat-
ments for different criteria’s. Two groups were made for every ranking question and were
divided between the subject that had selected both negotiated treatments before the sched-
uled treatment and the subjects who had selected scheduled first. A small fraction of the
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subjects had ranked the scheduled treatment as second and therefore had negotiated treat-
ments both first and third, these results where discarded in this test as the division into groups
was to determine the difference between subjects preferring negotiated treatments and sub-
jects preferring scheduled treatments. The result of the analysis between the groups can be
found in table 5.2. Questions that had no significant difference are left out because of space
requirements. The questions in the table are these:

A If visual notification was distracting.

B The ability to type on the keyboard without looking.

C the degree of skill with computers.

D How easy it was to predict interruption.

E The amount of experience writing on computers.

F The performance in writing on computers.

G The amount of computer experience

Table 5.2: A table over the questions that had significant difference between subjects who
preferred negotiated treatments and those who preferred scheduled treatment for different
criteria

Question A B C D E F G
Best for dual task 0,0178 - - - - - -
Best for Matching 0,0140 0,0404 - - - - -

Most stressful 0,0231 - - - - - -
Most interrupted 0,0072 - - - - - -
Most distracting 0,0214 - - - - - -
Easiest to predict 0,0317 - 0,0393 0,0248 0,0465 0,0101 -

Easiest to continue 0,0195 - 0,0046 - - - 0,0112

The question that separates the groups in most cases is if subjects thought the visual
notification was distracting. The group with the highest score for the distraction of the visual
notification is the group that have selected schedule before notifications. It is interesting to
see that audible notification had no significant difference between the groups. This may have
some relations to what was discussed in section 5.5, that audible notification was selected as
the most stressful treatment and therefore was viewed more equally by subjects.

The question about being able to type without looking at the keyboard was a question
that had significant difference between the groups when ranking the best treatment for her
performance in the matching task. This can be related to that a user with high ability to type
without looking at the keyboard, does not need to look down at the keyboard when switching
task and is therefore more comfortable with having both tasks shown at the same time.

It is interesting that some of the subjects did indeed choose negotiated treatments before
the scheduled treatment as there was no way to predict the interruption in the negotiated
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treatments. The experience in computers may have helped the subject to understand the treat-
ments better and in that see the possibility to predict the interruption. This is also supported
in that there is a significant difference between the groups in the question how easy it was to
predict interruptions in the scheduled treatment. The other two questions that have significant
difference between the groups are about typing on the computer and are probably related to
the difference in computer skill which is also have significant difference.

The significant difference in computer experience when looking at the groups for the
ranking of treatments after how easy it was to continue after a treatment can have relation
to the fact that working with computer today often incorporates interruptions with instant
messages and e-mail arriving. The subject with higher computer skill and experience may
therefore have liked the possibility to oversee both tasks at the same time as was possible in
the scheduled treatment.

5.5.2 Subjective Comments

Three subjects reported that the use of sound inNegotiated audiblelost its meaning when it
was played at the same time as a diplomat was bounced. The sound was merely interpreted as
a “bouncing sound” and not as an indication that there was a new matching task to perform,
even though participants were fully aware of the actual meaning of the sound. This suggests
that for certain tasks, care must be taken not to let the sound coincide and relate to the task
— especially if the two tasks are meant to be disjoint.

Two subjects reported that hearing a sound was more difficult to relate to in a temporal
sense compared to seeing a visual flash. At times the subjects made an attempt to show the
matching tasks, only to realize that no new tasks had been added. Apparently the chronolog-
ical order of when a sound is played can be more difficult to determine compared to when a
visual flash is shown, at least when the task to be informed about is also done in the visual
domain. Whether the same situation would occur for a task in the audible domain remains an
open question.

Subjects also said that the scheduled treatment was much better as no extra work had to
be done to see the secondary task. Some also suggested that it would be an improvement to
take away the scheduling which would create the treatment immediate which further suggest
that immediate should have been part of the study.

5.5.3 Comparing Subjective Data with Objective Data

The slightly better performance of scheduled treatment together with the fact that subjects
liked this treatment better suggest that the decision to take away the immediate treatment
may not have been right. This is because these both treatments share the characteristics that
the user does not need to do anything to show the secondary task. Some subjects expressed
this as the reason for selecting scheduled as the best treatment, which was commented on in
section 5.5.2.
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Impact on User Interfaces for Wearable Computers

When considering new user interfaces for wearable computers that use interruption it can
be tempting to use the one which shows best performance of for users from an objective
perspective. Results from this study of subjective data suggest though that such an approach
may lead to an interface that is less accepted by the user. Instead it is important to test not
only the performance but also gather subjective data and evaluate it.

Both subjective data and objective data suggest that when designing new user interfaces
for wearable computers it may be better to present the secondary task directly instead of hav-
ing some kind of notification. This may suggest that the wearable computer today is intrusive
in itself and notifications only add to this intrusiveness. In that case better equipment in the
future may show different results than this study has shown. The result may instead show
that wearable computers and see through head mounted displays do not make the transparent
secondary task that is shown feel obtrusive and can be ignored if the primary task is at the
moment intensive. The extra work with negotiated treatments is therefore only extra work
and should be avoided. But both the subjective and objective data suggest a difference in type
of notification and other notification types may therefore show better performance and/or be
preferred by users.

No significant difference could be found in computer experience but in the groups for
predicting interruption and the ease of continuing the primary task after interruption. This
suggests that interfaces with interruption for wearable computers do not need to focus, at least
for interruption, on the computer experience of the group of users. As wearable computers
have different characteristics then ordinary computers this may be shown to be different when
testing on more experienced wearable computer users.

5.6 Conclusions

In this paper an analysis is shown of the subjective data from a study of different methods for
interrupting a wearable computer user. The subjective data is then compared to the objective
data gathered in the user study. A slightly better result was present for scheduled treatment
in all measurements but average age and matches not done. Subjective data also showed that
subjects preferred the scheduled treatment. Negotiated treatment had a better performance
overall but subjective data suggest that much care have to be taken into not creating a stressful
environment.

It was suggested that an audible notification increased the performance of the matching
tasks, while at the same time not affecting the game task negatively compared to the visual
treatment. However, as it was shown by the subjective data, audible notification was more
stressful, suggesting that audible may not be the best in the long run.

When considering new user interfaces for wearable computers that works with interrup-
tion it is therefore important to understand that there can be a conflict between best perfor-
mance and subjective considerations. Notification should be considered with caution if the
secondary task does not need very quickly attention by the user.
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All in all, this indicates that both main hypotheses posed in the introduction are true; a
user’s performance and workload is affected by how interruptions are allowed to be handled,
and the type of notification used will have a further impact.

5.6.1 Future Work

The studies have shown that type of notification have an impact on the stress that the user
feel and also the performance of the user. More studies need to be done to see if some type of
notification can give a less stressful environment but still have a better overall performance.

It would also be interesting to see if an immediate approach would give better result than
the other treatments.

To repeat a similar experiment in a real world scenario would be good to see how the
results gathered in this paper would affect users when not being in a lab environment.

Interruption in social context, where the wearable computer user is in conversation with
other collocated persons, have been shown to be an important area [41] and is something that
should be studied more thoroughly as this is a situation that will be common for the wearable
computer user in the future.

In the experimental setup, the subjects were enforced to look through the head-mounted
display. An alternative is to have the display placed to either side, above or below the subject’s
normal gaze. By not obscuring the game it should be easier to selectively focus on either task,
but on the other hand that may make one task easier to ignore.

5.7 Acknowledgments

This work was funded by the Centre for Distance-spanning Technology (CDT) under the
VINNOVA RadioSphere and VITAL Mål-1 project, and by the Centre for Distance-spanning
Health care (CDH). Original code by Dr. Daniel C. McFarlane (mcfarlane@acm.org), devel-
oped at the Naval Research Laboratory’s Navy Center for Applied Research in Artificial In-
telligence (http://www.aic.nrl.navy.mil), Washington DC under sponsorship from Dr. James
Ballas (ballas@itd.nrl.navy.mil). We thank Dr. McFarlane for providing us with the source
code for the game and matching task and giving us permission to modify them for our study.
We thank Dr. David Carr as well as the anonymous reviewers for insightful comments and
advice given. The authors finally wish to thank all the volunteers who participated in our
study.



86



Part 6

Eventcasting with a Wearable
Computer

87





Eventcasting with a Wearable Computer 89

Eventcasting with a Wearable Computer

Mikael Drugge, Marcus Nilsson, Kåre Synnes, Peter Parnes
Luleå University of Technology

Department of Computer Science & Electrical Engineering
Division of Media Technology, SE-971 87 Luleå, Sweden

{mikael.drugge, marcus.nilsson, kare.synnes, peter.parnes}@sm.luth.se

abstract

Traditionally, interaction methods for wearable computers have focused on input to the com-
puter itself, yet little has been done when it comes to allowing interaction with the surround-
ing environment. Pervasive computing, on the other hand, offers access to computational
power from any place all the time, yet most interaction techniques utilize either physical
hardware or monitoring of the user in order to receive input.

This paper presents a novel form of interaction by which a wearable computer user can
interact with and control a pervasive computing environment in a natural and intuitive man-
ner. Using sensors, the user can be allowed to literally “throw” events into the environment
as a way of interacting with devices and computers.

6.1 Introduction

New forms of interaction are made possible as a result of wearable and pervasive computing
merging. We believe that for the user of a wearable computer, being able to interact with the
surrounding environment is at least as important as interacting with the computer itself. We
also believe that for a wearable computer to be commonly used and accepted by the general
public, the interaction mechanisms employed must be highly natural and easy to learn, use
and apply. The question is what constitutes such forms of interaction?

For a human being, some movements are more or less inherent and used unconsciously
on an everyday basis. For example, when someone asks you for directions, you may use
your hand to point that person in the right direction. When a mosquito flies in to bite you,
maybe you fling out your arm to deflect it. Working with computers may have you familiar
with the concept of pointing and clicking by use of a mouse controlled by your hand. All in
all, humans tend to very much use their hands and arms in motion to achieve some desirable
action. For this reason, it would be highly beneficial to extend this natural way of interacting
to allow for controlling devices at a distance.

This paper presents a method by which these natural movements can be made to apply
on devices in the surrounding. In short, it works by placing a position sensor near the user’s
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hand so that a throwing motion can be detected. Once a throw is performed, devices use its
trajectory to compute whether they are affected.

This interaction method, from now on dubbedEventcasting, allows a user to perform a
virtual throw — in essence being able to send events onto the network for devices to act upon.
When the sensor is built into an everyday accessory, e.g. a wristwatch, ring or bracelet, this
becomes a highly natural and unobtrusive way of interacting with devices in the surrounding.
The research questions this brings forward are as follows:

• What benefit for the user of a wearable computer does this interaction technique offer?

• What differentiates this method from similar interaction methods, and what are the
advantages and disadvantages of this approach?

• How are events created, specified and transmitted to the right device, and how does the
device react?

It should be noted that details regarding the underlying positioning hardware used falls
outside the scope of this paper. As the concept ofEventcastingworks with any positioning
system, the paper will mainly focus on the theory behind the interaction method. Never-
theless, available positioning systems will be discussed briefly where applicable in order to
illustrate the viability of the concept.

The organization of this paper is as follows. Section 6.2 discusses related work in the
area of interacting through a wearable computer. In section 6.3, the theory and design of the
interaction method is presented. Section 6.4 presents our prototype implementation. Section
6.5 discusses this form of interaction and its implications. Finally, section 6.6 concludes the
paper together with a discussion of future work.

6.2 Related Work

Many pervasive computing environments of today rely on a predefined physical infrastructure
or some form of remote monitoring of the user in order to facilitate interaction with her
surrounding [54]. InEventcasting, the wearable computer can perform all or most of the
required monitoring of its user by tracking the user’s hand movements. While some form of
infrastructure may still be required for positioning the user in the room, the privacy issues
are not as significant as for monitoring by other means, e.g. by use of a video camera. The
integrity of the user is also better maintained since it is solely the wearable computer user
who decides when to disclose the information — in this case two consecutive hand positions
— by issuing a virtual throw.

Much work has been done on positioning and tracking a user; both indoor[60], outdoors[22],
and combinations via hybrid positioning systems[42] exist. Ultrasonic positioning can pro-
vide high accuracy at a low cost for use in e.g. an office[61]. These together with more local
tracking devices, such as the acceleration glove[47] or the Fingermouse[11], can help provide
the positioning whichEventcastingneeds.
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Using gestures for interaction is an area that has been studied extensively because of
its naturalness for the user [63]. The gesture pendant [57] by Starner et al. is a wearable
device for controlling home automation systems via hand gestures. While being able to
detect gestures made in front of the camera, it lacks depth information making it unable to
detect 3D motions such as a throw.

Controlling devices in the surrounding by pointing at them has been done before, typically
by employing a “point-and-click” approach. In [25], Kindberg and Zhang use a handheld
device equipped with laser to negotiate an association with a target device. To operate, the
user presses a button to start the laser beam, then aims towards the target and pushes a second
button to perform the association. In [26], Kohtake el al. use a handheld device which
allows “drag-and-drop” of virtual information between real world objects. The user points
the device at a marker on a real world object, clicks a button on her device to start dragging,
then points at the destination marker and clicks another button to drop the information. What
differentiatesEventcastingfrom [25] and [26] is the use of a throwing motion to initiate the
operation. As the two actions in the “point-and-click” approach are reduced to a single action
— that of the throwing motion itself — this eliminates the need for the user to hold a device
in her hand and to push any buttons. As a result, the user’s hands are free to operate in the
real world without being encumbered by any equipment. This unobtrusiveness is what makes
Eventcastingan important contribution to this field of research.

6.3 Theory and Design

In this section the theory behindEventcastingis presented. The main idea is to allow a user
to use the movements of her arms, e.g. flinging or throwing motions, to interact with devices
in the surrounding environment. To achieve this, a sensor able to provide positional data is
placed near a wearable computer user’s hand. Based on position and acceleration information,
a throwing motion can be detected together with its start and end position relative to the user’s
body. By adding a world-centric position to this, the result is a trajectory for an imaginary,
or virtual, throw in the room. Using IP multicast, this positional data is then transmitted
wirelessly onto the network where devices can receive it. As each device is assumed to know
its own position, it can use the positional data to compute whether the virtual throw would
hit it. If a device determines itself, as being hit it will react on the throw by inspecting the
payload received together with the positional data. The payload can be specified by the user
just before issuing the throw, e.g. via voice or gesture. These steps will be explained in more
detail in the following sections.

6.3.1 Throwing

A throw is initiated by a sudden quick movement when the hand accelerates; this is triggered
by readings from the sensor rising above a certain threshold. A throwing motion includes a
follow-through phase, which is the period after the release of the object being thrown. During
this period, the limb movement begins to decelerate; thus the termination of the throw can be
triggered by sensor readings passing below a second threshold. This way, information about
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positions in 3D space is retrieved, thereby giving the start and end position for the throw.
Figure 6.1 provides a simplified illustration of this.
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Figure 6.1: Start and end positions for a throw.

Based on the start and end positions, it is trivial to compute a trajectory for the virtual
throw relative to the user.

throw_tra jectoryxyz= endxyz−startxyz

It should be noted that this trajectory is a straight-line giving the direction for the throw. In
reality, however, the user’s hand most often traverses in an arc when performing a throw. An
ideal example of this is illustrated in figure 6.2.
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Figure 6.2: Arc-shaped throwing motion.

Although the user’s hand traverses in an arc, the straight line trajectory is still assumed
accurate enough to point out the desired object. The reason for this is that since the end
position lies in the follow-through phase and not at the release point, the resulting trajectory
will be more or less parallel to the throw, as the user perceives it. The offset between the two
is ideally small enough to trick the user into perceiving them as being one and the same. By
adjusting the thresholds used for when to get start and end positions, each user can customize
the system to suit their own pitching form. This may require a short training period to make
the user proficient with performing virtual throws.
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As an ordinary gesture must not be misinterpreted as a throwing motion, steps must be
taken to ensure that only true throws are treated as such. The threshold to retrieve the starting
position should be high enough only to react on motions similar in velocity to that of a throw.
In addition, the time between retrieval of the start and end position can also be exploited
so that only a reasonably swift motion is treated as a throw while the rest are discarded.
Similarly, a restriction can also be imposed on the distance allowed between the start and end
position, so that e.g. only very long motions are to be treated as a throw.

Thus far, only the retrieval of the throwing motion itself has been discussed, but to be
of any use this must be placed in relation to the real world. Ideally, the sensor should be
sophisticated enough to provide positioning in the real world without requiring a predefined
infrastructure. This would require the sensor to be small enough to be wearable, yet pro-
vide indoor and outdoor positioning with centimeter level accuracy at high frequency. The
problem is that such sensors are not available at the time of writing, nor are they expected
to become available for the foreseeable future. To alleviate this problem, an externally given
position can instead be added to the trajectory, thereby giving a trajectory in the real world.
The external position can be retrieved from any source accurate enough, e.g. an ultrasonic
tracking system or real-time kinematics GPS as in [22]. When this position is added, the
resulting trajectory describes the throw in the real world’s frame of reference.

tra jectoryxyz= externalxyz+ throw_tra jectoryxyz

Once a throw has been initiated in this way, the wearable computer sends the trajectory in an
event onto the network.

6.3.2 Sending

The wearable computer is assumed to have some form of wireless connection to a network by
which packets can reach the devices they are ultimately intended for. The devices need not
be wireless enabled themselves, but can be interconnected through a fixed wired network.

The wearable computer places the start and end positions for the throw into a UDP packet,
together with a payload specifying the event. Using IP multicast, the packet is sent to devices
listening on a specific multicast group. A problem with this approach is that the system does
not scale if multicast is deployed over a very large area, as packets from multiple users would
then reach every device and consume network and CPU resources. For typical use, e.g. in a
home or office environment, this is however not an issue.

An alternative to the use of unreliable UDP would be to use TCP instead and address
devices directly. However, this approach becomes a service discovery problem requiring the
wearable computer to monitor, which devices are in the surrounding, thereby imposing a
higher workload on it. The event distribution model needs further refinement, but that falls
outside the scope of this paper.
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6.3.3 Receiving

A device listening on a multicast group will receive a number of UDP packets containing
events. Of these, only a subset may be relevant for that specific device. In order for the
device to know whether it should react or not, it needs to compute whether it would be hit
by the virtual throw based on the data received. Three parts are involved here; hit detection,
reacting on the payload, and providing feedback.

Hit Detection.

Each device knows its own positiondevicexyz, which can be either fixed or entered manually,
or automatically retrieved through sensors similar to that which the wearable computer uses.
The device also has an associatedradius forming a sphere containing the physical device.
From an arbitrary point of view, this sphere can also be seen as a circular plane with the same
radius. Therefore, from the user’s point of view, she will imagine a circular plane centered
at the device and that plane is the intended target for the virtual throw. This is believed to
be easier for the user to imagine and aim for, rather than envisioning intersection with a
sphere covering a device, especially at close range. When a virtual throw has a trajectory that
intersects with the circular plane of this sphere of influence, the device is hit.

As the start and end positions for the virtual throw, referred to asstartxyz and endxyz,
are received in the packet, the hit detection mechanism now knows all it needs to compute
whether the device is hit or not.
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Figure 6.3: Hit detection calculations.

This computation is illustrated in figure 6.3 and done mathematically through the follow-
ing steps.

• Compute a line,vdirect, going fromstartxyz to devicexyz, i.e. a direct line from the start
of the virtual throw to the center of the device.

• Computeangletolerablebetween a thought line,vedge, andvdirect, wherevedgegoes from
startxyz to the edge of the device’s sphere of influencedevicexyz+ radius. If we simply
compute the distance between the center of the device and the start position of the
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throw, i.e. the length ofvdirect, this angle is trivial to compute as shown below.

angletolerable= arctan

(
radius
||vdirect||

)
• Then compute another line,vthrow, going fromstartxyz to endxyz, i.e. the line or initial

trajectory for the virtual throw itself.

• Then, from the two linesvdirect andvthrow, make use of the dot product to compute the
angle between the lines.

angledeviation= arccos

(
vdirect ·vthrow

||vdirect||||vthrow||

)
• Now, angletolerable specifies the angle between the start of the virtual throw and the

edge of the device’s sphere of influence relative to a straight line to the center of the
device. Also,angledeviationspecifies the actual angle between the throw and the center
of the device. Therefore, if and only ifangledeviation≤ angletolerable the device is hit.

If the device is not hit it ignores the packet, otherwise it inspects the payload to see how
it should react.

It is important to point out that as the device is allowed to interpret the virtual throw freely,
nothing stops a single device from monitoring several spheres of influence at completely
different locations. This means that a single device can place spheres covering “dead” objects
as well, i.e. objects that are notEventcastingenabled, network enabled or even electronic
devices at all. This feature is suitable for fixed infrastructures that involve lamps, doors,
windows, etc., which all have a fixed physical location and are easily controllable from a
single device. Also, less capable embedded devices can have a master device that performs
the monitoring on their behalf.

Reacting on the Payload.

As the content of the payload is free to vary depending on which type of device it is intended
for, this section will only give some examples of classes of events and payloads that could be
of use.

• Binary event Used for having a device switch between two states, e.g. on and off.
When receiving this payload, the device simply switches to the opposite state. Typical
examples are turning a monitor on/off, turning lamps on/off and locking/unlocking
doors.

• Variable event Event containing a value within some given range. Typical examples
could be to adjust the volume of a speaker or adjust a light dimmer.

• Execution eventUsed to execute an arbitrary program on the receiving device. This of-
fers great flexibility since ordinary applications, daemons and command line programs
can be set running with ease.
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Feedback to the User.

An important key issue in human-computer interaction is to provide instant feedback to the
user so that she can assess the outcome of the action performed. Such feedback needs cur-
rently be implicitly provided as part of the device’s reaction in the real world. E.g. a lamp
reacts by going light or dark, and that is the only feedback the user will get. Still, to al-
low interaction in more advanced and subtle ways some other form of feedback is necessary,
e.g. information presented in a user’s head mounted display. However, how to provide such
additional feedback is not within the scope of this paper.

6.3.4 Specifying the Payload

Because all except the first class of events given in section 6.3.3 require the user to specify
the payload in advance, there is clearly a need for the user to be able to specify this in a
similarly natural fashion before the throw is initiated. There are two ways by which this can
be accomplished.

• Voice Just before the user initiates the throw, she utters a word that is then processed
by a voice recognition system. Certain keywords can thus be used to specify what
kind of payload to use for the upcoming throw. For example, uttering the word “light”
and gesturing towards a certain lamp or light switch could turn it on, while “darkness”
would have the opposite effect.

• Gesture Before the throw, some specific hand gesture is made. This gesture can be
recognized by employing hidden Markov models, similar to what is done in [57], and
thus used to select a certain payload. For example, making a circular motion and then
gesturing towards a fan in the ceiling could be used to selectively turn it on, while
lamps nearby would not be affected.

The user must also have some way of knowing which payloads are applicable to a certain
device. Currently, the idea is to use regular words describing the desired effect — a typical
example is using the word “light” for turning on a lamp. Of course, the more devices can be
controlled and the more advanced interaction they allow, the need for the user to be informed
of acceptable payloads becomes apparent. For the time being, however, focus is on using
those words and gestures that are intuitive for the user to apply on a certain device. This
leverages her existing knowledge about them and allows for intuitive operation.

A useful side effect of the need for a payload specification mechanism is that it helps solve
the problem of sensor drift. Some positioning sensors (e.g. inertial tracking) are sensitive to
drift and need to be recalibrated or reset frequently at a known position. This calibration can
be incorporated in the payload specification mechanism by enforcing the user to place her
hand at a known location, and issuing the recalibration at the same moment. This makes the
inertial sensor provide correct readings for a short period of time, enough to move the hand
about and perform a throw accurate enough in an arbitrary direction. For example, the user
could place a hand at the chest, utter a word to specify the payload and recalibrate, and then
perform the throw — all in a very natural and fluent manner.
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6.3.5 Limiting Event Scope

When a virtual throw is performed its scope is limited only by the size of the network over
which the packet is sent. This means a user can control devices that are both close at hand,
as well as devices that literally lie beyond the horizon. The latter would, obviously, require
either a very large sphere of influence for the device or a very accurate throw to be feasible,
but in theory the scope of a virtual throw is unlimited. Although useful at times, it may not
be desirable to let an event reach anything further away than what is in the user’s immediate
surrounding. This calls for a way by which a virtual throw can be blocked in order to limit
how far it will reach.

A way of limiting the scope is to take the physical infrastructure in account so that walls
and similar physical obstacles can block a virtual throw. This would require each device to
know about the obstacle’s position and shape, e.g. using a model of the building’s architec-
ture, so that it can determine whether the event can reach the device from where the throw
was initiated.

Another way of limiting the scope can be to compute the distance between the user and
the device, and simply ignore any events that are thrown by users located too far away. It is
also possible to use the velocity of the throwing motion to specify how far an event should
reach, just as the velocity of a regular throw decides how far an object is thrown.

Ambiguous Hits.

An ambiguity can occur when more than one device lies in the trajectory for a virtual throw.
This is, however, only a problem when the devices belong to the same class, e.g. a set of
lamps, since such devices would all react on the same event. Ways to resolve the ambiguity is
to allow devices to, somehow, negotiate among themselves to decide which one should react.
However, in certain settings this is not needed. For example, in a corridor with controllable
lamps it can be desirable to allow an event to pass through without being blocked, as it thereby
lets a user standing in the end of the corridor affect all of them with a single virtual throw.
For different types of devices, and because the payload can be specified for a certain type of
device, the ambiguity is implicitly resolved as only the corresponding device will react on the
event.

6.4 Prototype

A prototype of theEventcastingsystem has been implemented as a proof of concept. The
prototype consists of a client running on the wearable computer and servers running on stan-
dard PCs and laptops. Lacking suitable 3D positioning sensors, an ordinary computer mouse
was chosen for positioning. By placing it at a known starting point in the room, the client
can perform a throwing motion in 2D aligned to the ground plane. The resulting trajectory is
sent via WaveLAN onto the network using IP multicast, so that the servers can react on the
payload once hit.
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An informal test of the prototype was conducted in our office environment where a num-
ber of devices (e.g. a monitor, PDA and telephone) and other objects (e.g. a plant, whiteboard
and door) were monitored. The user testing the prototype attempted to hit these objects by
issuing virtual throws, i.e. holding the mouse and performing a throwing motion along the
surface. When an object was hit, the corresponding server displayed a message for the user.

The results from these tests show that the user could aim for and hit a designated object
without problems. It should be stressed, however, that the prototype is very restricted by its
use of 2D positioning with a mouse, thus limiting the significance of these results. Once we
replace the mouse with real 3D positioning sensors, more accurate and valid conclusions can
be drawn about the method’s usability.

6.5 Discussion

We considerEventcastinga complement to other interaction methods, not a replacement
for controlling every kind of device. Its advantage lies in not encumbering the user with
handheld or finger operated equipment, but to instead use a throw to select and affect a device.
Because performing a throwing motion is fatiguing in the long run, it is not suitable to use for
devices that require repetitive actions. However, for devices needing more sporadic control,
the motion required can in fact be seen as healthy exercise.

The main difference between a throw in the real world and the virtual throws employed
by Eventcastingis that in the latter case there is no physical object being released, only an
event as imagined by the user. The events being thrown are also not affected by gravity or
other laws of nature. These are two significant differences that are likely to affect how users
perceive the interaction method. It is unknown whether this method will offer the user an
actual feeling of throwing, or whether it becomes a learned skill that requires a new way of
performing a throw. To get a definite answer to these questions a user study is needed.

6.6 Conclusions

We have presentedEventcasting— a novel form of interaction that allows a wearable com-
puter user to interact with the surrounding environment in a highly natural and intuitive fash-
ion. The main contribution is the use of a throwing motion to affect the surrounding while
leaving the user’s hands unencumbered and free to operate in the real world.

The wearable computer monitors the position of the user and her hand, allowing an event
to be created when the user performs a throwing motion. The event is sent wirelessly via IP
multicast onto the network so that devices, knowing their own position, can detect whether
they are hit. Once hit, a device reacts on the payload that the user specified in advance by use
of voice, gesture or other means.

The concept will work independently of which positioning system is used, allowing it to
be further refined and sophisticated as new technology becomes available. When the hard-
ware used is truly wearable, e.g. sensors embedded in rings or wrist watches, the means for
interaction becomes unobtrusive and transparent for the user. In essence, the benefit for the
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user is that the real world becomes the primary interface, thereby offering great potential for
bridging the gap between wearable and pervasive computing.

6.6.1 Future Work

To determine the usability of this interaction method, a more comprehensive user study needs
to be conducted. In that study, the hardware used needs to be more natural so that the subject
can get a feeling for how it will be to use it in real life. This requires a usable prototype being
built and incorporated in one of our wearable computers. The event distribution model also
needs to be further investigated.
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