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Abstract

This thesis focuses on systems for mediated communication that run on mobile
technology. The aim has been to give an answer to the question about what require-
ments there are for situation awareness for domain experts when communication is
secondary and supports the primary task.

This thesis originated in a critical approach to the common practice of design-
ing mediated communication systems with the face-to-face meeting as a guiding
scenario. Instead, this thesis explores a design process that is based on the task and
the strength of the technology itself. Different tasks do, of course, make different de-
mands on a system, and a task that is strongly connected to the face-to-face meeting
will probably be best served by a system that is designed from that perspective.

Three cases that are presented in this thesis share three common themes that
have characteristics that set them apart from the face-to-face meeting. The first
theme is that the communication is a secondary task that is used to support a
primary task. The second theme is that the cases involve domain experts active
in the primary task. The use of experts implies that communication will be task-
centered and also that the need for information to sustain a valuable situation
awareness may be different from a person with less experience in the domain. The
third theme is that all cases and the corresponding tasks benefit from some kind of
situation awareness among the participants for optimal execution of the task. The
three cases are based on:

Wearable computers using mediated communication with wearable computers
and how to handle interruptions for users of such computers

Multidisciplinary team meetings improving access to patient information and
enabling individual and group interaction with this information

Trauma resuscitation giving a remote trauma expert’s correct and valuable in-
formation while minimizing disturbance when supporting a local trauma re-
suscitation team

Prototypes are central in all three cases, and different prototypes have been
designed and evaluated to validate the benefit of designing tools for communication
that do not try to replicate the face-to-face meeting.
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vi ABSTRACT

The main findings in this thesis show that the shift of focus to the primary task
when designing mediated communication systems has been beneficial in all three
cases. A conflict between the secondary communication that is used to support sit-
uation awareness and the primary task has been identified. Full situation awareness
should therefore not be a goal in these designs but communication should support
enough situation awareness to benefit the primary task with minimal disturbance
to it.



Sammanfattning

Den här avhandlingen fokuserar på system för medierad kommunikation som körs
på mobilteknologi. Målet har varit att ge ett svar på frågan om vilka krav som finns
för situationsmedvetandet för domänexperter när kommunikationen är sekundär
och ger support för den huvudsakliga uppgiften.

Den här avhandlingen har sitt ursprung i en kritisk hållning till den vanliga prax-
isen att designa medierad kommunikationssystem med ansikte till ansikte mötet som
ett vägledande scenario. Den här avhandlingen undersöker Istället en designprocess
som utgår från uppgiften och styrkan i själva teknologin. Olika uppgifter har så
klart olika krav på ett system och en uppgift som är starkt kopplat till ansikte till
ansikte mötet kommer så klart att funka bäst med system som är designat från det
perspektivet.

Tre fall som presenteras i denna avhandling har tre gemensamma teman som
har karaktärsdrag som skiljer dem från ansikte till ansikte mötet. Första temat
är att kommunikationen är en sekundär uppgift och används till att stödja den
huvudsakliga uppgiften. Andra temat är att fallen involverar domänexperter aktiva i
den huvudsakliga uppgiften. Användandet av experter medför att kommunikationen
kommer att vara centrerad kring uppgiften och att behovet av informationen kanske
är annorlunda för att underhålla en värdefull situationsmedvetenhet i jämförelse
med en person med mindre erfarenhet i domänen. Tredje temat är att alla fallen
och de tillhörande uppgifterna har en fördel av någon typ av situationsmedvetenhet
bland deltagare för optimal utförande av uppgiften. De tre fallen är baserade på:

klädbara datorer användande av medierad kommunikation med klädbara datorer
och hur avbrott för en sådan användare ska hanteras.

Multi-disciplinära team-möten förbättring av tillgängligheten av patient infor-
mation och möjliggöra individuell och grupp interaktion med den här infor-
mationen.

Trauma återupplivning Ge en fjärrdeltagande trauma expert korrekt och vär-
defull information samtidigt som man minimerar störning när support ges till
ett lokalt trauma återupplivnings team.

Prototyper är centrala i all tre fall och olika prototyper har blivit designade och
utvärderad för att bekräfta fördelarna med att designa verktyg för kommunikation
som inte försöker replikera ansikte till ansikte mötet.
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viii SAMMANFATTNING

De huvudsakliga upptäckterna i denna avhandling är att bytet av fokus till den
huvudsakliga uppgiften vid design av medierad kommunikations system har varit
fördelaktigt i alla tre fallen och en konflikt har identifierats mellan den sekundä-
ra kommunikation som används för att underhålla situationsmedvetenhet och den
huvudsakliga uppgiften. Full situationsmedvetenhet ska därför inte vara ett mål i
denna typ av design utan istället ska kommunikationen ge tillräcklig situationsmed-
vetenhet för att ge den huvudsakliga uppgiften en fördel utan att störa den.
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Chapter 1

Introduction

New ways of communicating have increased throughout human history from the
co-located1 talk between individuals to the multiple possibilities of sending infor-
mation at a distance in a variety of forms, both synchronous and asynchronous.
All these possibilities can be useful, but they are also a concern related to filtering
and deciding when and what kind of information should be received and sent at
different times and in different contexts. It is easy to think that more is better
and all such information should be communicated when it is available so that the
receiver can make an informed response. This approach can, however, have the
opposite effect, and the decision can be made under stress because the information
is received at a time and in a way that is not optimal. The response can also be
less informed as the valid information at the moment is not easily extracted from
all other information that is of no interest at the time. Designers of technology-
mediated communication systems can sometimes be victims of these thoughts by
seeing the face-to-face meeting as the gold standard. One of the biggest problems
with this approach is that every system in the nearest future will always be seen as
a poor replacement, especially if we consider the increased use of mobile units for
mediated communication. The goal should instead be to support the task that is
being performed, and in some cases this could be to look away from the physical
world and focus on the technology itself and what possibilities it contains [41]. To
support a specific task as a designer of a mediated-communication system, you need
to understand the task and what information is important for the future users of
the system. Unfortunately, these aspects are not always clear. In this thesis, I will
show how this approach can be used for tasks that include specific domain experts
where the communication is secondary. The research question that emerges from
these thoughts on mobile-mediated communication for experts is

1both ‘co-located’ and ‘collocated’ are used in the literature interchangeably but in this thesis
I will use ’co-located’

1



2 CHAPTER 1. INTRODUCTION

RQ1
What are the requirements for situation awareness for a domain expert in mobile
mediated communication when the local activity is in focus and communication is

secondary?

To answer this question it is important to be able to understand the perceived
situation awareness in mediated communication. Prototypes focusing on a specific
task and on the flow of information can be used to investigate its impact on situation
awareness. A secondary question, with the focus on exploring such prototypes, will
help in answering the main research question:

RQ2
How do the user’s task, roles and information needs affect the design for mediated

communication systems?

Another part of the main question, which does have an impact on how the system
will be designed, is the secondary aspect of the communication, that is, communi-
cation needs to coexist with a primary task and should not lead to unnecessary
disturbance. Communication must be designed so that the user can achieve a satis-
factory situation awareness to support the task without losing focus of the primary
task. Situation awareness will be discussed in more detail in the next chapter, but,
in general, it deals with the user’s understanding of the situation and what other
actors, human and inhuman, add to it. To handle this secondary communication
with a group or single participant the following question needs to be answered:

RQ3
How can communication be designed so that a user achieves enough situation

awareness to benefit a task with minimal disturbance to that task?

Mobility is a given result of using mobile technology, but it is also interesting
to consider whether this step does more than enable mobility and whether it can
add value in other ways to the communication task. Another secondary question
has therefore appeared in the work of this thesis:

RQ4
How does mobile technology add value to communication other than enabling

mobility?

In the work presented in this thesis, the focus has been on the information
flow that is central to maintaining situation awareness in remote collaborations.
The answers to the research questions will be presented and elaborated on in the
last chapter in this thesis. I have worked in three distinct projects in my quest
for answers to these questions. Beginning with video-conferencing systems and
wearable computers, we looked at notifications and the importance of different types
of media to support the situation awareness of the user of the wearable computer.
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The second project was done after a longer period away from the academic world
and dealt with multidisciplinary team meetings in the area of healthcare. The
work included supporting the team with easy access to information so that the
awareness of the patient situation would increase and thereby increase the quality
of the diagnosis and treatment. The last and third project was in collaboration
with the trauma department at Karolinska University Hospital. This department is
looking into the possibility of enabling remote access to experts in trauma that are
available in the department to other locations with less experience. Our work was
to explore how to create the optimal situation awareness of the trauma resuscitation
for both the local team and the remote expert.

It should be noted that I have myself made a journey in my pursuit of this
doctoral thesis and the first papers from the first project have a grounding in a
positivistic approach and are heavily based on experiments in clinical lab environ-
ments. In my later work, I have moved away from a positivistic view of the world,
and I am more focused on real-life observations and emphasizing context and my
own involvement in describing data. Therefore, my earlier work was based in the
field of usability research, while my later work and this thesis is more related to the
fields of Computer Supported Cooperative Work and Interaction Design. There are,
of course, many other areas in HCI, but the main themes of technology-mediated
communication and prototype design are both fields that describe the work of this
thesis.

“We” will be used extensively in this thesis to describe the work carried out
as I believe that nothing is done by a single person and nothing comes from one
individual alone but is a combination of the person and the context together with
the people around that person.

1.1 Terminology
In a thesis like this, many expressions are used that need to be defined and what
they mean in the context of the work presented. With papers included that were
written several years ago, it also becomes important to understand that the meaning
can evolve. In this section, I will therefore define some important expressions from
both the perspective of the papers included and more current usage.

1.1.1 Primary and Secondary Tasks
Throughout this thesis, tasks are divided into primary and secondary tasks. In
papers I and II, this division is central to the experiments conducted but differs
from what is meant in the other papers that are included in this thesis. In papers
I and II, the primary task is a representation of physical tasks done outside of the
wearable computer. It is a task that is ongoing and does not have a clear end
other than the time for the experiment. The secondary task, on the other hand,
interrupts the primary task and has a clear end when it is finished. This task is
repeated several times while the primary task is ongoing in the study. In these two
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papers the tasks are unrelated, there is no difference in importance between the
tasks, and both should be performed with equal attention. In the text of this thesis
the primary task from paper I and II will be called the game task and the secondary
task will be called the interruption task.

The meaning of a secondary task in the other papers and in this thesis is a bit
different. The definition comes from that of papers I and II but has become more
specific and also changed in other ways to fit the questions that are raised. First, the
secondary task is always a task of communication, and it supports the primary task
by creating situation awareness among other participants. Second, the secondary
task is more ongoing than in the lab experiment described in papers I and II but
still shares the characteristics of being an interruption of the primary task. Third,
the secondary communication task is subordinated to the primary task. Its function
is to support the primary task, and it is useful only as long as it does so and does
not cause disturbance and hindrance.

1.1.2 Experts and Groups

The presence of experts is one of the binding attributes of the work that is being
presented in this thesis. When I refer to an expert, I mean a person who has
significant experience and knowledge in a specific area that is of interest for other
participants in the task and communication. The expert implies both that the
information needs are task-centered and that there may be different information
needs flowing between participants.

The relationship that I have focused on originates from the helper and worker
scenario that has been the theme for many studies[29, 65, 37, 71, 84] related to
the work in this thesis. Our work differs from the traditional helper and worker
scenario in two respects. First, we are dealing with more complex real-life situations
in which a direct connection within the media does not exist between the support
and the task. This situation is in contrast to traditional scenarios in which this
connection is present. For example, the helper has a plan for a Lego construction
that the worker will assemble. In our work, the helper/expert role is not to guide
the worker’s specific action, but instead to support the worker in understanding
the overall situation. This focus on a visual task that can be observed in most
of these kinds of studies is probably related to the same problem that has been
described regarding face-to-face meetings, where a focus has been on replicating the
physical situation. Second, we have not only looked at situations that have a pure
helper/worker situation. In our work, the participants are all some kind of experts
and support the primary task with their unique expertise. The second project is the
most prominent in this regard where the experts collaborate in a multidisciplinary
team [46], but the same kind of problems could be observed in this project as in the
others.
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1.1.3 Wearable Computers and Mobile Technology
The work done on wearable computers in this thesis was undertaken some years ago
and what a wearable computer was at that time [55, 82] iis not exactly the same as
what is meant today. A wearable computer today is indeed wearable in comparison
to the carriable version that was used in our work. Today, wearable computers take
the form of what we traditionally wear such as clothes, glasses, watches, jewelry
etc. At the time of the studies, the technology was too big to fit into these items
and was instead carried in a backpack or around the waist or the neck. When I use
the word mobile, I am referring to usage of mobile technology and not directly to
the act of being mobile even if the technology in itself does enable mobility in most
cases. Usage of mobile units for mediated communication creates restrictions in the
amount of information that can be presented but at the same time it can enable
more interaction with information and background tasks in co-located situations.





Chapter 2

Mediated and Mobile Communication
for Experts

Mediated communication is when people interact with other participants through
some kind of mediator. What defines a mediator can be different depending on
the field, but, in the context of this thesis, it is a technology-based channel that
can transfer information using some kind of media, such as video, audio, etc. The
effectiveness of different types of mediators for conversation has been the focus of a
vast number of studies showing the importance of audio for conversation [1]. Other
types of media, like visual ones, are more suited to give a perspective of objects
related to the task [83].

Mediated communication can be looked at from many perspectives and has
been explored in the topics of telepresence [40], media richness theory [12, 36] and
Computer Supported Cooperative Work (CSCW) [26, 4, 64] to name a few.

In telepresence the goal is to use different mediators to achieve the feeling
of presence between the participants involved in mediated communication. Even if
there is physical separation of a long distance, the goal is to achieve the same feeling
as if the person is located in the same room.

In media richness theory, different communication methods are categorized
according to the richness of the media being used. A medium that can convey more
timely understanding is considered richer. The basic assumption is that the more
information a system can convey, the richer and better it is.

In CSCW, the common task of the participants and how communication and
collaboration are accomplished are in focus. The different type of mediators should
support the task that is being executed.

As this thesis focuses on mediated communication in combination with the par-
ticipation of expert support for the current task, I have chosen to focus on the
CSCW perspective.

7
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2.1 CSCW

Formally, CSCW began in 1984 [33] when the approach to group support called office
automation had been declining in attention. Today it is common practice to use
computers in groups in both formal and informal settings, but at that time people
had mostly been using computers for individual tasks. The idea of using computers
for group work was not new when the term CSCW was coined. One of the first
famous demonstrations of the ideas about using computers for supporting group
activities can be seen in the demo Douglas Engelbart and his team performed in
1968 [21]. As was the case with much of what was demonstrated at that time, people
had difficulty understanding the significance of what was shown, and it would take
many more years until serious thought was brought into what would become CSCW.
CSCW is an area that is broad, with contributions from a wide variety of disciplines.
The presence of researchers from the fields of HCI, psychology, engineering and
architecture, to name a few, makes this field dynamic. Furthermore, it is also hard
to define someone as simply a CSCW researcher without adding another label that
contains their approach to the field and expertise. For me, this would be computer
engineering with a major dependence on HCI and interaction design.

One good way to divide the work conducted in CSCW is the time/space matrix
that was first introduced in 1988 and later reintroduced in 1995 [2]; see figure 2.1.
Even if the field of CSCW looks quite different today with the development of
technology and the expanded knowledge around groups and activities, it is still
a good representation of the field and the important dividing factors of time and
space for work that is being done in the field. The work presented in this thesis
deals with systems and group activities that are placed in the real-time domain of
both of these organizational views. The space variable is not as easily defined and
can be seen to be both in the co-located and remote space, but when it comes to
accessing information and using mobile units in a co-located situation the problem
we are interested in shares similarities to the remote space. For example, in “Beyond
social protocols...” [57] it is shown that benefits can be gained if it includes some
kind of support for coordination in co-located groupware systems. Coordination
and floor control is otherwise an area that historically has mostly been needed for
remote interactions.

Human activities can crudely be divided into three categories [18], communi-
cation, coordination and collaboration. It is easy to find tools that fit into any of
these single categories: instant messaging and video conferencing for communica-
tion, location tracking and status updates for coordination and application sharing
and whiteboards for collaboration. Today, however, not many of these technologies
exist by themselves but are part of more complex systems, for example, the m-star
system [67] that was the basis for Marratech, the video conferencing tool used for
the first case presented later in this thesis.
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Figure 2.1. Space/Time Matrix for CSCW, used to categorize systems in CSCW
depending on how people use them. Source: wikimedia

2.1.1 Mixing the physical and digital in synchronous work and
communication

As mentioned earlier, the work presented in this thesis belongs to the “same time”
side of the space/time matrix in figure 2.1. Even if some of the work presented
has been about co-located context, the question raised has been of the nature that
has traditionally been part of the remote side of the matrix. Much research has
been conducted on remote collaboration, and the field of mediated communication-
video conferencing, for example, is a rather mature area. Replicating the face-to-face
meeting has been a focus for a long time, and extensive progress has been made with
systems that today can give an illusion that there is only a clear window between the
participants, while the truth is that they are separated by long distances [14, 24].
However, most of these systems have the limitation that they only support tasks that
are inside the systems itself in a virtual workspace. Some systems do have ways of
working with physical objects, but with the limitations that the physical objects are
only visually shared among the participants [28] even if efforts are made to minimize
the effect of this limitation [39]. Other systems provide physical avatars of users in
a real physical face-to-face meeting [35]. This approach removes many requirements
on the local environment to support remote participants, but the presence of the
remote participant is more limited, as the remote user is only visible on a small
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screen on the robot. In the cases that are presented in this thesis, avatars or physical
objects have not been introduced to increase the feeling of presence. Rather, the
digital communication has not been directly connected to the physical task, thereby
making it possible to create communication tools that add to a physical task instead
of moving it into a digital domain. Even if this separation has not been the goal, it
has been a natural path when focusing on the strength of the technology itself.

2.1.2 Choosing media for communication and information

When the field of CSCW first emerged, there was a significant difference between
co-located systems and systems working with remote participants. The availability
of different kinds of media in the local space was vast in comparison to what could
be shared remotely.

Gradually, different channels have been introduced to CSCW systems that deal
with remote participants. The evolution has not been straight, and different chan-
nels have received more or less attention over time. The use of technology does have
a significant impact on the system [34], and it is therefore important to take this
into consideration in the design process. When new channels have been developed
and taken on a primary role, older channels have changed to become the commu-
nicator of different kinds of information, making a richer communication possible
and at the same time creating a more complex system and information flow. The
connection between technology and what can be transmitted is strong, but more
and higher resolution of the information may not always create a better experience.
Instead of just increasing the amount of information and adding to the problem of
information overload [5], there is a need to go back in history and understand the
strengths of the different channels and mediums.

It is not about recreating a face-to-face meeting [41] but creating the best system
to support the relevant task in a specific context. In the book Distributed Work [59]
we will also find support for this view that the type of media should be chosen
depending on the task and the situation at hand.

Different mediators have been introduced into CSCW systems, and, as time has
passed, they all have different characteristics, weaknesses and strengths.

The order in which the mediators are presented below is somewhat chronological
in the way that they were introduced into CSCW systems.

Text

Audio is the most prominent medium used in communication between people, but,
when talking about CSCW historically, text-based channels were the first prominent
ones. Early computer systems were at their core based on text input and output
and the system developed for collaborations were therefore heavily dependent on
text as the medium. Subsequently, text has remained a strong and viable carrier of
certain types of information. Email, which is one of the first standardized channels
for collaboration with computers, is still often used for collaboration between groups
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that are not sharing the same space at the same time. Even today some people prefer
reading email in a pure text-based environment like a command line interface.

When Oikarinen created the Internet Relay Chat protocol [63] in 1993, text
also became a medium for real-time collaboration. This way of communicating
later developed into instant messaging, where focus in the beginning was more
on one-to-one communication than between groups of people. When dealing with
distributed groups, text was an important medium that could be seen in some of the
contributions to the first CSCW conference [23, 54, 13, 22]. Even when information-
rich systems in the form of media spaces [7] emerged, text was still an important
medium for communication and sharing of information.

Almost any information can be stored and communicated through text. Textual
communication can be done with ease so that different parallel sessions do not
conflict with each other and can be received at the same time. A multiple of
text-based conversations can therefore engage the user, and the maximum parallel
sessions are only limited by the user’s ability to separate them.

For informal meetings and conversation, text has been shown to be effective [44].
This informal aspect of text means that it is often used as a secondary medium for
informal conversations when other media are used for the formal part of a group
meeting [80].

Audio

Audio is the most common way for people to communicate, at least for synchronous
communication, and thus also an important medium for collaboration. Audio for
group collaboration over distance was equal to telephones for a long time and re-
quired support from the telephone provider to work as intended. Even if computer-
based systems have been developed, telephone systems are still common when it
comes to audio-only systems.

In the context of CSCW, not much research has been done concerning when
only audio is used. Audio was deemed a mature technology when CSCW emerged
as a field and audio- only situations have instead been compared to situations in
which other types of media are used [11].

Audio is the medium most commonly used in communication between people.
Audio does not just communicate spoken words but also underlying nuances that
are conveyed through differences in the voice. It has also been found that, in some
cases, audio in comparison to audio and video results in faster group task completion
times [27], but this fact may have other effects on the task and the participants that
may not always be desirable.

Video

Using video to communicate was a natural step from using text and audio. Video
is a very rich medium and contains the information that is sought after but also a
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lot of other information. Some of this information can be beneficial, but other parts
can be just noise that does not benefit the current task in any way.

Video is usually a central mediator in communication over distance. The size
and quality of video as a mediator varies depending on the system and can take
the form of big screens that try to add the video source into the environment in
as natural a manner as possible [24, 14]. Other systems are more like ordinary
software applications in which the video source is just one view among others and is
treated more like a TV screen showing the image from a remote camera [67]. In this
category, we will also find systems that use “video-as-data” [58], in which the video
source is not focusing on other participants but on the objects that are important
for the task at hand.

Video can be used to capture many of the silent cues that people use when
communicating. As it registers everything that is visual and visible in its focus,
the distant group can in most cases get a clear picture of what the other side is
communicating [45]. Video has also been shown to decrease the time it takes to
build trust in a team of dislocated participants [8].

Graphics

Graphics are a flexible medium for information. Through visualization, information
can be arranged in a way that makes it easily recognizable by users. Graphics have
been used in CSCW systems since the beginning of the field but have become more
prominent as sensors became better and cheaper. With these sensors, new or refined
information has become available, and graphics are a good way to present much of
that information to the user.

Another area of graphics is the virtual reality environments [30], where collab-
oration is accomplished in environments that are mostly generated by graphics.

With an appropriate visualization for the context of some information, it is pos-
sible to make that information more available to the user of the system. Information
can in some cases drown in other information or occupy too much of the cognitive
processing of the user. Representing this information with graphics can often help
in these cases [6].

Physical artifacts

In more recent times, it has become more common that physical objects [9], which
can, for example, be grasped to send a notification or attributes [3] like vibration,
are used to communicate information. This feature opens up possibilities to add
awareness cues and other information more directly into the user’s environment.

2.1.3 Awareness
Collaboration is more easily executed when participants are aware of what the other
participants are doing. Different cues from the participants and the environment
can be used to enhance awareness. Users can make these cues explicit to each other,
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but they can also be unconscious cues that are made while conducting the task. In a
setting that is not co-located, many of these natural awareness cues are not available
and how to deal with awareness has therefore become a central theme for CSCW
[15]:

Awareness is an understanding of the activities of others, which provides a context
for your own activity. [15, p. 107]

This definition was a good start but also limited in what it covered with its focus
on only participants and their activities. It became quite quickly clear that infor-
mation about awareness was not only available from the participants but present
in other sources as well. In time, this fact and the discovery of different aspects
of awareness made the word awareness by itself too wide and uncertain to actu-
ally group similar work together. Different terms were therefore used together with
awareness to describe specific work [79]. Even with this diversity, we can still find
some characteristics that are shared among the work around awareness [38]:

1. Awareness is knowledge about the state of an environment bounded in time
and space.

2. Environments change over time, so awareness is knowledge that must be main-
tained and kept up to date.

3. People interact with and explore the environment, and the maintenance of
awareness is accomplished through this interaction.

4. Awareness is a secondary goal in the task – that is, the overall goal is not
simply to maintain awareness but to complete some task in the environment.

These four points give us a good foundation for understanding awareness, but,
as our goal is to see how the need for awareness changes according to the task
and roles of the participants, a more specific definition is needed. Coming from
the broad definition of awareness, we can take the opposite approach and divide
awareness into more specific definitions such as social awareness, spatial awareness
and temporal awareness [4]. Taking this path means that there will be overlap and
dependencies between types of awareness when looking at information that will be
relevant for awareness. It would, instead, be beneficial to have a definition for an
awareness that is specific enough to be useful in our situation but not so narrow
that it will fail to cover all aspects in the work that has been done. A definition
that fits this criteria can be found in situation awareness[19] that has its roots in
human factors:

Situation awareness is the perception of the elements in the environment within a
volume of time and space, the comprehension of their meaning, and the projection

of their status in the near future. [19, p. 36]
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This definition is further distinguished at three levels that describe the process
from perception to situation awareness. At level 1, the user perceives the elements
in the environment. This level can be seen as fact-finding, observing where elements
are and the characteristics of these elements. At level 2, an understanding of the
meaning of the observations at level 1 is accomplished. Joining the different aspects
of the elements in the environment and what they mean, at level 3, the meaning
from level 2 is projected into the future and understanding is created regarding
what the status will be.

Situation awareness was first defined after observation in the situation of air
traffic control [20] but has later been used in several other domains, for example,
medical [16, 77] and IT service [76] and has been successful in understanding how
participants understand the situation and other actors in it. It has also been stream-
lined for specific situations like the research being done on workspace awareness [38].

2.1.4 Decision support

In the complex setting that we have looked at in this thesis, decisions need to be
made by the experts in a variety of forms. Decisions are important and the field of
decision support has something to contribute in the cases presented: for example,
to support decision with the correct information [78] or suggest diagnosis from the
available data [68]. The contribution of this thesis is not directly connected to the
field of decision support, but is rather an enabler with an understanding of what
information experts need for an awareness of the situation.

2.2 Interaction Design

I have used CSCW in understanding the concept of mediated communication and
how collaboration is carried out, but, when it comes to the part of creating pro-
totypes that can be used to test these concepts, I have looked elsewhere for tools
that fit my needs in this work. The methods for designing these prototypes have
therefore been taken from an area that deals with design and interaction, interaction
design. Interaction design is both a craft that is executed by professionals every day
and an area of research. In the work presented in this thesis, we have used both of
these concepts to create and evaluate prototypes.

The term interaction design was the name given to the practice that a group of
people at the design firm IDEO employed. They realized in 1990 that they were
practicing, and had been for a while, a new type of design that could not fit into
any of the disciplines that already existed [75].From that point, interaction design
has steadily made its way from discipline practiced by a few to one of the more
important fields when it comes to production of and research on digital products
that will be used by humans. Interaction design can be defined by three different
schools according to the book Designing for Interaction [75]:
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Approach Overview Users Designer
User-centered design Focus on user

needs and goals
The guides of
design

Translation of
user needs and
goals

Activity-centered design Focus on the
tasks and activ-
ities that need
to be accom-
plished

Performers of
the activities

Creates tools
for actions

Systems design Focus on the
components of
a system

Set the goals of
the system

Makes sure all
the parts of the
system are in
place

Genius design Skill and
wisdom of de-
signers used to
make products

Source of vali-
dation

The source of
inspiration

Table 2.1. Table of the different approaches to interaction design

Technology centered: An interaction designer takes the raw technology from en-
gineers and programmers and makes it into something that people enjoy using.

Behaviorist: An interaction designer defines the behavior of artifacts, environ-
ments and systems

Social interaction: An interaction designer facilitates communications between
humans through products.

Common to all three is that interaction design is viewed as an applied art.
This means that interaction design is by its nature contextual and solves specific
problems in particular circumstances. Even with this clarification, some rules have
emerged and research is being done on understanding the main themes on how things
are done for specific results. As I am a person with an engineering background, a
technology-centered school makes the most sense. With this view, interaction design
can be seen as a broadening of my current knowledge as an engineer. In the other
schools of thought, interaction design will instead take the form of a new area that
needs to be learned.

In the same book, we find four approaches that can be taken in the practice of
interaction design: User-centered design, Activity-centered design, Systems design
and Genius design. What these four approaches mean and the designers’ and users’
role in them can be seen in table 2.1.
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Uses of one of these approaches do not exclude the others, and a good designer
should be able to apply and mix the different ones depending on the needs of the
project.

For a description that deals more with the craft itself, we turn to Löwgren who
states that "Interaction design is about shaping digital things for people’s use” and
gives five characteristics for the design process" [53]:

• Design involves changing situations by shaping and deploying artefacts

• Design is about exploring possible futures

• Design entails framing the “problem” in parallel with creating possible “solu-
tions”

• Design involves thinking through sketching and other tangible representations

• Design addresses instrumental, technical, aesthetic and ethical aspects through-
out

When it comes to research in interaction design, one of the main models is given
in the paper “Research through design...” [85]. Four criteria are given to evaluate
contribution:

Process When working with design replication of the same procedure does not
guarantee the same result, and it is therefore important to document the
process and give a rationale on why a specific method was chosen.

Invention The contribution must be of a significant invention and show a novel
integration for a specific situation. Details must be given on how this design
advances the current state.

Relevance The result of the design should have an impact on the world: what
state the design is trying to achieve and support and why this is a preferred
state.

Extensibility Future design problems should be able to apply the outcome from
the research being done.

The same paper also claims that research in design creates artifacts and “These
artifacts stimulate discourse around a topic by challenging the status quo and by
placing the design researcher in the role of a critic.” [85]

In many cases today, it is not just a software solution that is being designed but
a hardware one as well, and this fact complicates things further [70]. Even if it is
not new hardware that is being designed, it is still a matter of choosing the best
hardware for the task under design.

In the quest of answering the research questions for this thesis, a wide variety
of methods have been employed mostly from the area of interaction design. In the
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beginning, the research we did was not grounded in design and the methods used
were therefore from a perspective of usability research. Combining these different
views in the work has been problematic but, when re-evaluating the results from
early work, it can be observed that the same type of design elements are present
in the later work. In all cases we have used mobile prototypes to evaluate and test
mediated communication in non-traditional situations. Some of the results from
the early work are interesting from a design perspective but were deemed not as
important at the time and did not receive enough allocated time to be published
in something better than workshops [61, 17]. The data gathered in lab experiments
can be and was used as a starting point when working with the later cases, even
if the data needs to be looked at with reflection on how it was gathered and on
the context of that situation. As an interaction designer, I tend to focus on the
activity, and therefore prefer an activity-centered design approach. This of course
does not neglect the user as a valuable source of information and also as the guide
for the design in some parts. Some of my co-designers have other preferred design
approaches than I do, even if none of us considers ourselves to be experienced enough
to choose a genius approach. The mix of our approaches as designers has created a
better design in my opinion and a more holistic view of the problems that we have
worked on for this thesis.

2.2.1 Experts communicating

As an interaction designer, it is important to understand the users of the system that
is being designed. For the three cases in this thesis, experts who are communicating
is a central concept, and as a researcher it is not just interesting to understand the
specific expert for the different cases but to get a picture of the concept as a whole.
As I have mostly an activity-centered design approach, the task of the expert is the
main source for the design. For the work in this thesis, the focus has been on the
task of support that an expert does using the knowledge acquired to improve the
situation for others tasks.

The knowledge gathered from experience and practice is hard to verbalize and
transfer to another person outside of practice [81]. Even when one is in the same
profession, different experience creates a difference in knowledge and sometimes cir-
cumstances may dictate that the knowledge of one person is needed by another.
The person having the knowledge and experience that is needed is called an expert.
Not only do experts work as singularities, a beacon of knowledge, but the com-
bination of experts has been shown to greatly benefit diagnosis in healthcare, for
example, in so-called multidisciplinary team meetings [74, 47]. The need for avail-
ability of experts for support of tasks in many different fields will not disappear.
The complexity in a modern work environment is increasing, and thus experts will
emerge as it becomes impossible for one person to command the knowledge for all
different aspects. In healthcare, for example, a single physician will be more spe-
cialized and only be responsible for a specific part of the overall patient treatment
[25]. As mediated communication systems become more available, rural areas will
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have the opportunity for even more treatment on-site with remote support from a
more experienced practitioner, for example, in trauma resuscitation [72, 52]. As
seen in these examples, CSCW systems will have an important role to fill to enable
the accessibility of experts, independent of the distance between the expert and the
people needing support. With the limitation of co-location removed, the possibil-
ity of sharing an expert among several groups will be possible [84] and thus more
locations can be helped, without increasing the number of experts.

Remote help from an expert has been explored by several projects, and it is a
common theme in the area of wearable computers [51, 50, 16]. Similar technology
(but not mobile) has also been used to enable remote help when working at a
workbench for example [71, 37].

A majority of the work being done by experts is connected to physical tasks and
therefore strongly relies on visual information being shared. One technology that
is commonly used in these visually-dependent tasks is telepointers [51]. Another
one that is used more commonly now is augmented reality [10]. When it comes to
remote support from experts in healthcare, most of the work being done is connected
to introducing video channels between participants [52, 31]. There are, however,
several studies using wearable computers and other technology to enable telepointers
[49, 62].



Chapter 3

Method

In the five papers that are presented in this thesis, several different methods have
been used. The first two papers deal with lab experiments with a primary focus
on quantitative data. The focus shifts to more qualitative data collection in the
three last papers, and the process is also more design-based. Table 3.1 presents a
summary of the methods used for the different papers included.

3.1 Experimental lab studies
The basis for papers I and II is in a lab experiment done on interruption and
different types of media used for notifications. For this study a total number of 20
subjects were recruited among students and a larger testbed where the user-study
was announced together with a set of questions. Individuals wishing to take part
in the study responded to the questions to express their interest. 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. The
instructions for a specific treatment were also repeated in the pause preceding each
of them. Pilot studies indicated that 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 formal and not as tense, thereby making the
subjects feel more comfortable and willing to comment on the experiment. Before

I II III IV V
Lab experiment X X
Field study X X X
Technology Probe X
Prototype X X
Simulated Realistic Setting X X

Table 3.1. Overview of used methods in the papers included in this thesis

19
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the test, the subject was asked to fill in a questionnaire with general questions about
their computer skills and ability to work under stress. Demographic questions were
also included about their age, gender, education etc. Just before the experiment
was started, the subject put on the head-mounted display. As the display was 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 in order 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 questions on which treatment (excluding the
control cases) was the least complex one to perform, even though the number of
matching tasks and jumping diplomats were the same for all treatments.

3.1.1 Test Session

The test is a within subjects design with the single factor of different treatments
used as an independent variable. The participants were randomly divided into five
groups. In each group, random order was used for the treatments in order 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 consisted of
each round of treatments being done twice: one practice round and one experimental
round. During the first round, the subject was given a chance to learn about the five
treatments – the data from this round were not included in the final results. 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. At the
end of the practice round, each subject was sufficiently trained for the experimental
round; here the five treatments were done once more, but this time the data were
included in the final results.

The time for the treatments was twice as long as that of the learning treatments
in order to gather enough data. This makes the total time for the experiment around
90 minutes.

3.1.2 Reflection

Using a controlled lab environment for this study made sense at the time, considering
both my own views and the common theme in HCI. By building on the work done by
McFarlane [56], we could benefit from the validation of the method that had already
been used. Nevertheless, I would not follow the same procedure today. Some of
the changes that I would make emerge already in the study and are described in
papers I and II, for example, not to remove one of the treatments from McFarlane’s
work and the need for a more authentic physical task. Coming from my current
perspective, however, I would probably not even have conducted a lab experiment
at all, but instead would have tested notifications and interruptions in a realistic
setting that would share much of the same process with my later work.



3.2. FIELD STUDIES 21

3.2 Field studies

In papers III-V, we used field studies to understand the situation that we worked
in. For paper III several observations and interviews were part of the field studies
containing several different occasions and activities. I was part of three observations,
two of which were from a remote site. On all of these occasions, interviews were
conducted with key members after the main activity.

For papers IV and V, in 2011 and 2012, we had a total of 20 simulated patient
cases included at four different trauma team training sessions, one of which was
without teleconsultation, so seven cases were with teleconsultation and 13 without.
Four of the cases were conducted with an advanced simulator doll, and 16 with
a student acting as a patient. Each session included two scenarios and two or
three trauma teams. The scenarios used were written beforehand by the leaders
of the training sessions and contained all relevant information on the patient and
injuries. These scenarios contained both information that the team received from
the start and information to be discovered during the resuscitation. Typically, team
A would start with scenario 1, with a remote expert if one was available, then move
onto scenario 2, without a remote expert. Team B would start with scenario 2,
with a remote expert if one was available, and move on to scenario 1, without a
remote expert. This means that all scenarios were handled both with and without
a remote expert when one was available, and no team handled the same scenario
twice. In the cases involving a remote expert, the angle and zoom of the overview
camera in the trauma room could be controlled from the remote site. The video
link included voice and two-way video. The on-site trauma leader was designated
the main contact point with the remote expert, although in practice the trauma
surgeon often entered the discussion as well. We video recorded 18 of the 20 team
training sessions. A trauma team training was conducted in the same way as a real
trauma case would be handled. When present, the remote expert participated from
the beginning of the case.

Six of the 18 video recordings from the trauma team training with teleconsul-
tation were transcribed and tagged based on what happened. In the two cases
that were not video recorded, field notes were taken that were later transcribed.
The video recordings that were not transcribed were watched and sections of inter-
est, i.e., fitting the tags, were transcribed. I attended 10 of the observed training
sessions.

A series of questionnaires was handed out to the trauma team and remote ex-
pert directly at the end of 13 completed trauma training cases. The questionnaire
was developed by a physician (anesthesiologist) at Karolinska for evaluating the
effectiveness of a remote expert in trauma team training. The questionnaires were
used to measure situation awareness, and I was part of the analysis of this.

Apart from attending the trauma team training sessions, we conducted field
studies at the emergency unit at both sites, one observation at Huddinge and three
observations at Solna, one of which occurred during the night shift. In these ob-
servations, we shadowed the trauma surgeons on call for trauma resuscitation. We



22 CHAPTER 3. METHOD

shadowed the surgeons for the majority of their workday to follow as many trauma
resuscitations as possible. In total we attended eight trauma resuscitations, of which
I attended two. One of the day observations in Solna was conducted by me, and the
others by social anthropologists involved in the project and employed by Karolinska
University Hospital. Field notes were taken during the observations and afterward
transcribed and tagged. The material from the observations was analyzed to find
out how communications were effected among people in the trauma team and what
type of information was passed between them. This analysis was carried out through
categories and by grouping information exchange between team members according
to type of information and the assumed cognitive effort of the exchange.

3.2.1 Reflection

Since I come from a background of engineering in the field of computer science,
field studies were hard for me to fully grasp at the outset, and I still have problems
sometimes differentiating between observations and opinions. It is, of course, im-
possible to make this distinction in all cases, as there will always be a large grey
area, but with experience it will be easier to see oneself in the observations that are
made. Field studies are still one of the best ways to gain an understanding of an
area that is distant from one’s own.

3.3 Using Technology Probes
For paper IV, technology probes [43] were used to better understand the information
need of the remote expert. We wanted to expose the participants to media and
data that were not available using only a fixed camera in the trauma room. Probes
that were used were vital parameters with historical graph, headcam on trauma
surgeons and visualization of the state of the trauma resuscitations process. Probes
were used in 10 cases, vital parameters and the visualization of the process in all of
them while the headcam was used in two. Vital parameters with historical graph
and the visualization of the state of the trauma resuscitations process ended up
with a couple of changes in the prototype.

3.3.1 Reflection

Technology probes are useful to expose a user to a new concept. Otherwise, when
talking about a specific task, one will most likely only get suggestions for changes
to already existent technology. There is a balance that is needed, however, so that
the probe does not take over and hide another problem that can exist, either by
the probe not working or that it changes too much. Development of a probe is also
in some way sketching and should be easily thrown away when it has been used.
Some of the probes we used ended up in the prototype, and, even if this fact saved
time, the concepts might have been better presented in the prototype if they had
been redesigned from a perspective of the prototype instead of a probe. A probe
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is designed to introduce something new into the beginning of the design task and
to be thrown away later in the process. By including them mostly unchanged, we
may have missed some details that would have emerged if we had dealt with these
concepts together with the rest of the design.

3.4 Prototype development
A participatory design process was undertaken for over three years for paper III,
including different iterations from sketches to runnable prototypes of the proposed
system. During this time, we, worked closely with mainly surgeons and radiologists.
Working in several iterations of field studies, design and evaluation, we moved from
paper sketches to the development of a high-fidelity prototype. The system was
designed primarily to support the decision conferences as they are conducted today.
However, such a system cannot be designed for only one specific situation: it both
relies on information from previous steps in the care chain and sends information
to the next steps. My involvement has mostly been in the development of the high-
fidelity prototype so most of the other design activities had already been carried
out when I started, but several iterations happened in this part of the process as
well.

For paper V, several sketches were created for an interface designed for a tablet-
sized mobile unit. The size of a smartphone was considered but deemed too small
by both the authors and the remote experts. The sketches originated from the
technology probes. In collaboration with one of the remote experts, the different
sketches were evaluated and a final design was chosen for a high-fidelity prototype
for tablets.

3.4.1 Reflection

In my view, prototypes are essential. Design needs to be tested; nothing is finished
until it has been shown to make a difference in a realistic setting. With this said,
work can be wasted if the development of high-fidelity prototypes is started before
enough is learnt from a simpler version. For paper III, we observed that there
would have been benefits from creating a more complex prototype earlier, but at the
same time it can be said that a less complex prototype, using, for example, HTML
technology, could have yielded the same results and taken less time to create. For
paper V, we moved to an interactive prototype faster and could thereby get data
on usage quickly, but it is hard to say if that data would have been more valuable
if more time had been spent on, for example, paper prototypes.

3.5 Simulated Realistic Setting
For paper III, we chose to call the context in which our studies were conducted
“simulated MDTMs”, a type of in situ simulation [69], because it was as close to
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a decision conference as we could get evaluating our prototype. It included only
surgeons and radiologists, which might call into question the multidisciplinarity of
the study, but, to minimize the effects, we chose, together with a surgeon who
had been involved in the project from the beginning, patient cases that did not
involve oncology or pathology. The same surgeon also acted as the presenter in
both studies, since that role had to prepare the cases at the decision conference
and, thereby, know the cases beforehand.

In the two studies, the patient data used were from real cases that had been
discussed years earlier at ordinary decision conferences and that had been video
recorded during our observations. This means that most of the participants had
already seen and discussed the patient information being used. To minimize the risk
that the participants would recognize the case, the name and social security number
were changed. The timestamps of the data were shifted so that time intervals
between the decision conference and other activities were the same as when the
real case was discussed. All participants had access to an iPad running the Clinical
Journal and an extra 42” display was added, presenting the view from the Clinical
Journal.

After every patient, all participants filled in an evaluation form and a short
discussion was held with the team about the session. After all three patients, a
longer discussion was conducted in which participants could give feedback on how
the prototype worked in the setting. All interaction was logged on the iPads so that
afterward how a user interacted with the iPad at a specific moment could be seen.

For paper V, we did not need to create a realistic setting as one was already
available to us in the form of the training sessions. The prototype was evaluated
in one of these training sessions and in two interview sessions with two different
trauma surgeons in which the trauma surgeon interacted with the prototype running
prerecorded data from one of the earlier observed training sessions. The sessions
with prerecorded data were added in a later phase when it was clear that only results
from one training session would be available to us, as other planned sessions had all
been interrupted by real trauma cases that demanded the involvement of the whole
trauma department at Karolinska in Solna. All three sessions were recorded, the
training session with video and the prerecorded sessions with only audio.

3.5.1 Reflection
Some settings in healthcare are problematic when it comes to testing prototypes.
Decisions are made that have significant impact on patients’ health. Introducing
something new in these settings to test the impact of it can therefore affect patients
negatively. Using simulated realistic settings made it possible for us to test our
prototypes without putting patients in any danger. The people involved are of
course more relaxed and may not take things as seriously, but, being as close as
possible to the real setting, we felt that we got results that could make it possible
for us to say something about the real thing as well.



Chapter 4

Three Cases

I have been involved in three different cases of designing and developing tools for
mediated communication. The focus has been on exploring the use of mediated
communication in situations in which the focus is on a primary task outside of the
communication. The communication itself supports this primary task by adding to
situation awareness or other kinds of information that is needed by participants.

The three cases are presented below, and the papers included in this thesis have
their origin from all three. Case One is presented in papers I and paper II and is
about mediated communication using wearable computers. Case Two is found in
Paper III and focuses on access to information at multidisciplinary team meetings.
Papers IV and V are about Case Three and deal with the information that is
important during remote support for trauma resuscitation.

4.1 Case One: Wearable Computers

The first case that I explored in mediated communication using mobile technology
was the use of wearable computers [55, 82] as a medium for communication. The
focus was to use the wearable computer together with more traditional communi-
cation tools such as video conference systems. Wearable computers at that time
were something that was built by the users themselves. It is later that we have
seen products that can be used directly, and with the recently released google glass,
wearable computers seem to be going more mainstream. We had two very specific
goals in the creation of the Borderland wearable computer [60]

• Create a wearable computer from off-the-shelf components to show that wear-
able computers can be built by others without the need to create special
hardware.

• Most wearable computers at this time had limited communication capabilities,
and what we wanted was a wearable computer that had rich media capabilities
for both sending and receiving.

25
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The first version of Borderland became quite cumbersome, but it did fit our
requirements and performed well. We constantly improved the wearable computer,
and several smaller prototypes were built when new hardware became available,
but it was after I had left the project that one of these was deemed good enough to
replace the first backpack version.

4.1.1 Hardware and Software

The Borderland wearable computer consists of a Dell Latitude C400 laptop with
built-in IEEE 802.11b. Later, this laptop was replaced by a Compaq tablet PC
with a 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 the convenience of carrying everything. A battery
for the laptop lasts about three hours while the head-mounted display can run for
about six hours before recharging is needed.

On this setup, we were running a version of Marratech Pro from the now defunct
company Marratech AB. Marratech AB was a company that had its roots in Luleå
University of Technology, and we therefore had access to the code for this application
and could make changes to facilitate changes that we saw could support the wearable
computer users better.

4.1.2 Representing the group

One of the first areas that we explored with Borderland was to wear it while attend-
ing different fairs in booths that were held by the whole of LTU, the department
CSEE or the media technology group. Because of the visual aspects of our setup,
which can be seen in Figure 4.1, we were commonly asked to attend these events.
This gave us the opportunity to explore the use of the technology in these settings
for several days in total.

We entered these settings with an open mind, wanting to explore the use of our
design of a wearable computer with rich mediated communication capabilities. At
one end of this communication, we had the wearable computer user capable of send-
ing what s/he could hear and see but also of directly communicating via voice and
text. At the other end, people from the media technology group were participating.
It was quite clear from the beginning that the people participating could experience
the fairs in some sense through their desktop computers, and that this telepresence
through another human provided some benefits over more traditional telepresence
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Figure 4.1. Image of the author wearing the Borderland wearable computer used
in case one.

systems using robotics. One thing that became clear from using Borderland was the
concept of the knowledgeable user and this idea is the starting point for the theme
of this thesis. The users of the Borderland were often asked questions about the
work of the media technology group. Some of these questions were of course easy
to answer when the user had the knowledge himself, but on several occasions the
answer was not something the Borderland user knew and the question was passed
on to the participants who were following the Borderland user remotely. This inter-
change could be done via text, voice or just when a participant heard the question
while it was being asked. The answer was then given to the Borderland user, who
could pass on the answer. At some times this exchange happened without the per-
son asking even realizing that the answer originated from somewhere other than the
person s/he was talking to.

4.1.3 Issues being the knowledgeable user

It became quite clear that the way the information flowed between Borderland and
the other participants had an impact on not only the activities of the Borderland
user but also how the “experts” with the specific knowledge could help and support
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the Borderland user. One of the main problems observed in these settings was
the difficulties that interruption could have on the task currently executed by the
Borderland users and how hard it could be to balance the two concurrent tasks
that the Borderland user was involved in, the primary task of being socially active
with the physical surroundings and the people co-located with the user. At the
same time, a secondary task of processing the information was given by remote
participants through the mediated communication link between Borderland and
the remote participants’ desktop computers.

In the tradition of HCI that I was in at the moment, it was common practice
to get a better understanding of an issue by conducting a lab study, and, as my
colleagues and I at that time also had a very positivistic approach to data, it made
sense to set up a user study in our lab, where the user would perform two tasks at
the same time: one on Borderland and a game task on a desktop computer that
would represent the activity in the physical space. The study was based on the work
done by McFarlane [56] for testing interruption techniques for desktop computers
but was adapted to work with our setup using a wearable computer.

The tasks in the user study were given equal importance, and this was clearly
communicated to the participants. The game task was a continuous task that
involved saving diplomats that were jumping from an embassy, and the task was
therefore to catch them so that they could safely land in the car seen in figure 4.2.

Figure 4.2. The game task for the lab study presented in papers I and II. Users
controlled the two soldiers so that the jumping diplomats landed safely in the car

While the users were involved in the task of saving diplomats, the users would
be interrupted in different ways to perform a matching task of shapes and colors.
This matching task would be shown in the Borderland’s head mounted display so
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that the user would need to shift focus from the game task to the wearable computer
and its task. How the matching task looked in the head mounted display can be
seen in figure 4.3.

Figure 4.3. The interruption task that interrupted the game task in the lab study
presented in papers I and II. The users were asked to match the upper symbol with
one of the lower ones by color or shape.

The matching that should be done was randomly chosen between matching
colors or matching shapes and the matching task interrupted the game task in
three different ways:

Negotiated Visual 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.

Negotiated Audible Identical to Negotiated visual but 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.

Scheduled 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 which there will be no interruption
until the next interval round.
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Apart from these treatments with interruptions, two base cases with only the
game task and only the matching task were carried out to determine how much the
interruption affected the different tasks.

Results from this study showed the complexity that was presented when using
mediated communication with wearable computers and the duality of communicat-
ing in both the physical and digital world. Audio-based notification gave the best
performance but was also the one that was most stressful for the participants.

4.1.4 Lessons learned from wearable computers

Wearable computers have been shown to be a great tool when working with an
expert helping someone less experienced in a task. Our wearable computer with
others makes it possible for the expert to see through the eyes of the person that s/he
is helping. When the primary task is more complex and includes interaction with
other people, however, it becomes important to consider how this communication
should be effected. The flow of information will need to be filtered and handled so
that the wearable computer can handle the primary task but at the same time gain
the benefit of having access to an expert who can add value to the current situation.
The design of interruption must therefore take into account the importance of the
different tasks that a wearable computer is active in and use a means of interruption
that will gain the attention of the wearable computer user in a way that corresponds
to the time constraints of the information that is given.

Looking at the type of interruptions nowadays and how mobile technology has
evolved, it is obvious that haptics should have been included if the test were to
be performed today. Haptics was not part of the original study, and the state of
wearable computers at that time did not trigger any inclusion as well. It can be
theorized that haptics would perform better than any of the others as it is a channel
that is not occupied by other information sources in the setup we had.

The results from papers I and II have been extended and evaluated in later
work, in the light of my current research background. The results from this can be
summarized in guidelines for designing interruptions from a secondary task. When
reflecting on the observations not included in papers I and II from the perspective of
my current view on this kind of data, I can see the results from the lab experiments
being already available in these observations. If the methods presented in the previ-
ous chapter had been given the same value for me at that time, similar results could
have been extracted from these observations. This procedure would have saved us
time in creating these lab experiments and also made the results more connected
to the theme of my thesis with communication as a secondary task. Using the data
and experience from Case One, guidelines for design have been included in the work
done in Cases Two and Three. These guidelines are:

• When an interruptions task, which is of equal importance or related to the
primary task, does not cover the view of the primary task for a mobile user,
consider showing it directly instead of giving a notification.
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• Audio interruptions can be more stressful and harder to place in time when
compared to visual interruptions.

4.2 Case Two: Multidisciplinary Team Meetings (MDTM)
The Second Case was multidisciplinary team meetings (MDTM) [46]executed in the
Karolinska Hospital for treatment of patients in the department of gastrointestinal
surgical care (Gastro). MDTMs have become an important part of the work process
in the treatment of cancer patients, and the practitioners’ theory is that better care
is given when all the different specialists gather, share and discuss the patients
together to take all different aspects of the illness into consideration. There are
many studies that have been conducted on MDTMs to describe how they work
[48, 73]. When we started this work, no information was available for us that
anyone had introduced and evaluated new mediated communication systems to see
if this could be a help in spreading information and increasing situation awareness
among the participants. The availability of information is vital at these meetings,
and, when the project I was involved in started, information was only available
by what was remembered by the specialists attending. One source of information
that was the exception to this was the radiology images that were displayed in the
meeting by a radiologist. Some attending specialist would also bring printouts of
parts of the patient’s journal with them.

Figure 4.4. The setup of the multidisciplinary meeting observed in Case Two. The
radiologist sits closest to the camera in front of the computer, while all others sit in
the rows of seats facing the three screens, two for radiology images and one smaller
for remote participants.

At first glance, many aspects of the MDTMs can appear to go against the
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theme of this thesis of mobile and mediated communication. Why this is not the
case depends on the focus we had on this project. We were not looking to change the
MDTM’s structure and the discussion in itself, but instead we wanted to support the
participants with access to information in much the same way as the knowledgeable
user, described in the previous case, had access to other sources of information
through remote participants. It was important that this information was available
to all participants as a way of decreasing the reliance on a single individual or a
group of specialists to remember specific information about the patient. The tool
designed was developed for iPads so that all participants could have their own
viewport into the information space. Even if not tested with remote participants,
the prototype developed was always intended to be useable by remotely connected
participants. These participants usually had unique relationships to one or some of
the patients and could be seen as experts on those patients

4.2.1 Decision Conference

Our work ended up focusing mostly on the decision conference, the MDTM, even if
the whole care chain [32] was taken into consideration for the design and develop-
ment of the prototype. The decision conference focused on how patients should be
treated. The setup of this MDTM without our changes can be seen in figure 4.4. In
total 15-25 patients were handled in these conferences and were attended by 5-15
medical specialists and physicians. The conference lasted around 60-90 minutes and
every patient case was discussed individually. For each patient the presenter and the
referring physician or a surgeon introduced the patient and included information
such as: patient status, comorbidity, on-going treatments, subjective symptoms.
The introduction ended with a question to the group regarding what should be de-
cided on. The presenter had prepared this information before the conference. After
the presenter finished with the introduction, the radiologist presented the images
relevant to the patient and the current situation. This task was done from a ra-
diologist workstation that was available in the room. The rest of the participants
saw these images on two wall projected screens that are connected to the radiologist
workstation. The next phase was the discussion that ended in some kind of decision
about what should be done with the patient. A senior surgeon, referred to as the
chair, was responsible for the discussion and ensured that all relevant information
be taken into account and that a consensus decision on diagnosis and treatment be
made.

4.2.2 Design process

The clinical journal was designed with a participatory design process. The future
users of the system were involved in most aspects of the design process. The process
included observations, interviews, workshops and design activities.
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4.2.3 Clinical Journal

The end result of the design work was the clinical journal, a high-fidelity prototype
that was created from the design process. The clinical journal gave the participants
at the MDTMs access to information on the patient in a top-down approach with
an overview at the start and the possibility of further scrutiny of the information if
needed [42]. The prototype was designed from a case-base presentation concept that
can be examined in detail in the work of Frykholm [25]. The prototype presented
here went through one more iteration than the one presented in paper III. The
changes in this iteration were made according to the results that were presented in
that paper. The design changed to follow the structure of the MDTM better with
three tabs corresponding to the three phases of the discussion for every patient in
the MDTM.

Patient overview: aggregation of mostly text information presented by the re-
ferring physician or a surgeon. The overview is used for accessing the most
relevant text information. Here, the user can navigate a submenu (left-hand
side) to search for, edit and add specific information. Typically, the presenter
will use a few of the subviews to record the decision. See figure 4.5.

Decision view: displays an overview on what the group decided on (e.g., or-
gan/tumor affection, diagnosis and planned treatment). This view was static,
in the sense that no interaction was available here. The information displayed
here was based on what had been recorded in the different subviews of the
first tab. The decision view can be seen in figure 4.6.

Decision view: displays an overview on what the group decided on (e.g., or-
gan/tumor affection, diagnosis and planned treatment). This view was static,
in the sense that no interaction was available here. The information displayed
here was based on what had been recorded in the different subviews of the
first tab. The decision view can be seen in figure4.7.

We also introduced a connection between the Clinical Journal and the radiologist
workstation so that the radiologist could use the tools that s/he was used to.

Shared/Private Navigation

When navigating in the Clinical Journal, the user can choose to do this privately
or in a group. Navigating in private mode means that all navigation in the app,
like switching between the tabs, happens only on the user’s own device. The op-
posite is true for shared mode where navigation actions are replicated on all other
devices that are also in shared mode. This feature makes it possible to browse the
information without disturbing the rest of the group, but, by switching to shared
mode, a person can quickly move the group to the information that the user wants
to introduce or highlight to the discussion.



34 CHAPTER 4. THREE CASES

Figure 4.5. The patient overview: in this view information on the patient can be
browsed and also edited. The first tab in the left column shows a summary of the
patient with visualization to the right to quickly get an awareness of the situation for
the patient.

Figure 4.6. Radiology view: this view is used by the group independent of the
radiologist to browse and interact with the images available for the patient. It is
also possible to interact with the radiologist screen by pressing the live button in the
bottom left corner.
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Figure 4.7. Decision view: the diagnosis and decision by the MDTM can be observed
in this view. No interaction in this view; instead it is a summary of the information
that has been added or was available before the meeting.

4.2.4 Evaluating The Clinical Journal
The Clinical Journal has been evaluated in realistic settings on two different occa-
sions. A simulated decision conference was set up on both with participants that
usually attend these meetings and also in the same room in which these meetings
are ordinarily held. The evaluation of the first prototype is presented in paper III
and the evaluation of the redesigned version presented in this thesis has not yet
been published in a separate paper. The setup for the second evaluation can be
seen in figure 4.8

Results from the evaluation showed the importance of considering structure,
roles and workflow for the primary task when creating a system for information
retrieval that exists in the backchannel. Although users had been involved in the
design process from the beginning, several new considerations emerged when the
users could use the Clinical Journal in a realistic setting.

4.2.5 Lesson learned from Multidisciplinary Team Meetings
The MDTMs that we have observed are very time intensive, and many patients are
discussed in a short period. At the same time, it is clear that more information
on these meetings can be a way of increasing the quality of care for the patient.
Access to information was only positive, since we observed that there could be
problems as the secondary task of accessing the information through the personal
mobile unit could distract from the primary task of setting diagnoses and planning
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Figure 4.8. Setup for the evaluation of the second iteration of the Clinical Journal.

future treatment. In our understanding of the task, we were able to improve the
presentation and structure the information according to the patient case and the
process of the primary task. This improvement made it easier to interact with the
information, and thus the impact on the primary task was decreased while still being
able to add the value of more information into the decision process of the MDTM.
We observed a difference in how participants interacted with the prototype, and
this was connected to what role the participant had in the meeting and what role
they usually had in the real life version of this type of meeting. Some participants
in the simulated meeting raised the idea that perhaps only specific roles should have
access to the Clinical Journal, but at the same time everyone agreed that everyone
should have access to the Clinical Journal at some time in the meeting. Analyzing
these answers, we concluded that it was not a question about who should have a
device but about what task the user needed to do in the situation. Even with these
concerns, the access to more information created a better basis for the discussion as
described in paper III, and usage of the Clinical Journal and especially the decision
view supported the team’s situation awareness of the team’s progress and what had
been decided.

4.3 Case Three: Trauma Resuscitation

For the third case, the focus was more on the expert supporting a team working with
a primary task. For this, we had the opportunity to work closely with the trauma
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surgeons at Karolinska University Hospital in Stockholm. Trauma resuscitation is
a very intensive practice with many people active in the team. It is also a practice
in which experience makes a significant difference, as the surgeons active in the
resuscitation need to take many critical decisions in a short time. Adding a trauma
expert to a more inexperienced team has been shown to affect the outcome of the
trauma resuscitation for the better [72, 52]. Even with this positive effect, little
work has been done on how this addition should be done and how to balance the
primary task of saving the patient’s life with the communication between the remote
expert and the local team so that the remote participant has a situation awareness
that enables her to support the team correctly with a minimal disturbance to the
primary task. In addition to these important issues, we were also interested in seeing
if the same type of support could be carried out with a mobile unit thus making
it possible for the trauma expert to be available even when not located close to a
videoconference room.

As trauma resuscitation is such critical work, it was impossible for us to add
to or change anything in the process of a real trauma resuscitation and at the
same time ensure the safety of the patient. To make it possible for us to achieve a
good result within these limitations, we had access to trauma resuscitation training
sessions that happen around three to four times a year. In these sessions, we were
able to test presentation of information and in other ways expose the workflow to
the remote expert.

Figure 4.9. Room for the remote trauma resuscitation support with three screens
containing vital parameters, overview of the local trauma room and the headcam of
the surgeon.
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4.3.1 Workflow
Trauma resuscitation begins when the ambulance arrives at the location of the
accident. Medical personnel on site will then assess the situation, and, if they deem
the situation serious enough, an alarm is sent to the hospital. Preparation for the
incoming patient is then started, and the team is assembled in the trauma room.
While they wait for the patient, everyone presents themselves and what role they
have in the forthcoming trauma resuscitation. They go through what they know
about the patient and the accident and prepare what they can beforehand. After a
couple of minutes the patient arrives, and the main task of stabilizing the patient
starts. The stabilization of the patient is made by constant re-evaluation using
a prioritized list with the mnemonic A B C D E (the list was developed by the
American College of Surgeons and is named Advanced Trauma Life Support, or
ATLS):

A Airways. Are the airways free?

B Breathing. Can the patient breathe? If not, the artificial respiration will be
started.

C Circulation. Is the patient bleeding internally or externally?

D Disabilities. Is the patient conscious and coherent? The Glasgow coma scale is
used.

E Exposure/Environment. Whether the patient is cold, etc.

The goal of stabilization is to make the patient stable enough for further treat-
ment, such as treating a wound, healing a punctured lung, supporting a broken leg
etc. The core team that is active in most cases of trauma consists of a trauma
leader, trauma surgeon, an anesthesiologist and a team of supporting nurses. The
trauma leader is also a trauma surgeon and will take a “hands off patient” approach
focusing on leading the team and the big picture. The team can vary between hos-
pitals, and at Karolinska in Solna, for example, a trauma leader is often not present
and the trauma surgeon leads the team, while actively working with the patient.

Several other supporting roles can be present: for example a radiologist, pe-
diatricians and nurses connected to these disciplines. The team’s construction is
related to the patient and the accident. How it can look inside the trauma room at
a trauma resuscitation can be seen in figure 4.10.

4.3.2 Observations and interviews
To understand the situation of the trauma resuscitation and the kind of information
that is available and needed, we conducted several observations of both real trauma
cases at the hospital and also joined several training sessions for trauma resusci-
tation. A remote expert has only been available in the training sessions as this is
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Figure 4.10. The local trauma resuscitation room. The trauma leader can be seen
at the end of the bedside while the trauma surgeon is on the side of the bed closest
to the camera. The screen with the remote expert can be seen in the upper right
corner.

something that Karolinska is developing and hoping to introduce in real situations
in the future. The setup for the remote expert at Solna can be seen in figure 4.9.

Observation of real trauma cases and the training sessions were carried out
in parallel. For the training sessions, we started with simple observations of the
training sessions with note taking and video recording. Remote experts active in
the sessions were also interviewed to understand their thoughts on the role as a
remote expert who supports the local team. It was also important to grasp what
kind of information the remote experts use to make their recommendations to the
local team.

To further explore the remote experts usage of different information, several
technology probes were developed and added to the later training sessions that
were observed.

Three different technology probes were developed for the trauma training ses-
sions.

HeadCam A camera was attached to the head of the trauma leader or the trauma
surgeon. The idea was that the remote trauma expert should be able to “be”
in the middle of the action, that is to see what the trauma surgeon or the
trauma leaders sees.
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Vital signs Vital signs are observed and often asked for in a trauma resuscita-
tion. Although they are a central source of information, they were not readily
available to the remote trauma expert. We therefore introduced a system
that would show the vital signs to both the local team and the remote ex-
pert in the training sessions. From the interviews, it was understood that the
changes in the vital signs were of great importance so the vital signs were also
enhanced with a historical graph to help the remote expert and the local team
see trends.

ATLS Visualization The state of the patient for the different categories in the
ATLS process is verbally expressed by the team regularly. To see if it would
be possible to have access to this state constantly without having to remember
what was last said, we added a simple row of boxes to the left of the vital
signs, one for every letter. The box was grey to begin with when no state
had been set and then green for ok and red if not ok. At a later stage, a
washing out of the green color over time was added. It would continue until
the color was white or a new okay for the letter was given. This procedure
was to make sure that participants were aware of the passing of time since the
last evaluation of the state and to promote a continuous reevaluation of the
patient’s different states.

4.3.3 Creating a mobile prototype
The information that was gathered in observations, interviews and surveys made
it clear that a mobile prototype for supporting the trauma team could be created.
Some of the important information for this was:

• High quality video on a big screen was not seen as necessary, and video was
not used for details but as an overview to get an awareness of the situation in
the room.

• The headcam was not seen to be useful for most aspects, but it showed that
single images of the patient could be useful in some situations.

• The visualization of vital signs and state of the patient can easily fit in the
tablet size.

• The persons acting as remote expert expressed an interest in not being con-
fined to a specific room with the correct equipment. They instead expressed
thoughts about a possibility to act as the supporting remote expert when
home and on call, for example.

From the data gathered in previous activities and user collaborative design ac-
tivities, the important parts of the interface became clear. Vital parameters should
be central, and the historical view of them would not only help the remote expert
to follow trends, but also give a sort of overview of what had happened if joining
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later, a scenario which was deemed to be very plausible in a real situation. To even
better support a remote expert joining the trauma resuscitation after some time, a
timeline of activities was added to the interface. This timeline can be seen in fig-
ure 4.11 under the three historical graphs for vital signs. Every image corresponds
to an activity being performed that has an impact on the patient, for example, a
thorax drain inserted or blood given. The position in the timeline corresponds to
the position in the graphs, so it is easy to see the effect of the activity on the vital
signs. The timeline can also contain single images of the patient that the trauma
team sends to the system, either initiated by the team itself or from a request by the
remote trauma expert. A system to easily add these activities in the trauma room
was discussed and developed but never tested together with the mobile prototype.
Video from the trauma room is available but is not in the center of the design. It is
instead located in the corner of the screen so that it is available but does not take
priority.

All needed information was on a single page, and model views were limited to
images and videos that could be zoomed so that they covered the historical graphs.
The user could thus get a better look at the image/video but still be updated on
the current vital signs to the right and the state of the patient to the left. The
timeline was also visible so the remote expert could see any actions being taken on
the patient. The image/video is easily removed by clicking on it.

Because of problems with connecting a custom prototype to the hospitals video-
conferencing system, the current prototype only contains a dummy image in the
place of the video. A separate videoconferencing app is used for video and audio
from the trauma room instead.

4.3.4 Evaluation

Evaluation of the prototype was carried out in several steps. Some of the parts, such
as the visualization of ABCDE status of the patient, were developed and adjusted
as a technology probe. The same can be said about the historical graph connected
to the vital signs. We therefore knew that they were useful and appreciated by the
people for whom the mobile prototype was designed.

As a whole, the prototype was tested in several ways. To begin with it was
planned to be tested in several training sessions, but, because of circumstances
outside of our control, only one session was executed in which the mobile prototype
was used. This limitation required us to find other ways to evaluate it further,
and, as no more training sessions were planned in the timeframe of the project, we
interviewed possible users while they interacted with the mobile prototype running a
pre-recorded session. Audio and video were not available for this, but, as these were
media channels that were available and known already, the users could still get a
feeling of what this tool would add to the task of supporting a trauma team remotely.
In this limited usage of the mobile prototype, we observed the same type of support
and no significant difference from what we had seen with the traditional setup. In
this work however, the major difference for the remote expert was observed when
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Figure 4.11. The mobile prototype for the remote expert. ATLS states to the left
and vital parameters to the right. The timeline is placed between these and in the
bottom the overview of the trauma resuscitation room are present together with a
place to the right for extended information on selected objects.

we added the technology probes. We could only observe that the historical graph
was used in the task of supporting the team. The tags that had been added with
the timeline were not mentioned or acted upon, but, in the interviews, they were
unanimously deemed to be a good way to increase the awareness of the situation.

4.3.5 Lesson learned from trauma resuscitation

It is easy to think that more is always better, that a big screen and high quality
video will be preferred over a smaller screen with lower quality video. By looking
at what information that is really needed for a task, some parts of the mediated
communication can be scaled down thus enabling other functionality and reducing
the noise from unimportant information. As there were surgeons on both sides of
the mediated communication, they had a common language to describe the situation
which decreased the need for the remote expert to see the patient for herself. The
remote expert could thus focus on the vital signs and the trauma resuscitation,
leaving the practical execution of the care of the patient to the local team.

The experience from designing the prototype for Case Two led us to find better
ways to move into a prototype as early as possible without decreasing the quality of
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the design. Using a rapid development technology, namely HTML5, made it possible
to create the prototype quickly, and easily change things when part of the design
did not have the desired functionality. The change of focus for information was both
observed and stated to be positive for supporting the design that was affected from
the perspective of the task and the need for information. Concern was raised on
the amount of information that would be shown on the timeline, i.e., that it should
not become cluttered with different tags too numerous to differentiate, resulting in
the required information being lost among all the rest.





Chapter 5

Discussion and Conclusion

In the spirit of the paper “Beyond being there” [41] in this thesis, I have explored
three cases that diverge in different ways from the meeting situations for which most
mediated communications systems are designed. The common attributes in the
three cases are that the communication is secondary, there are some kinds of experts
involved in the communication, and the prototypes used have been developed with
mobile technology.

Using these attributes in the different situations of the three cases, I have looked
at how to design systems from the perspective of the users’ task and roles and the
possibilities that exist with mobile technology. Four research questions have been
central to the work presented: one main question RQ1 and three sub-questions RQ2,
RQ3 and RQ4. Below these questions will be presented together with an overview
of the connected papers and cases. After this overview I will provide answers to
the questions together with a discussion. RQ1 is the question that has been the
driving theme behind the work done in the three different cases and the five papers
presented.

RQ1
What are the requirements for situation awareness for a domain expert in mobile
mediated communication when the local activity is in focus and communication is

secondary?

The answer to the question has been maturing under the three cases, and in
papers I, II and III, more of the building blocks are presented, which in papers IV
and V are used to answer the question. RQ2 deals with how to build a system that
can be used when exploring RQ1.

RQ2
How do the users’ task, roles and information needs affect the design for mediated

communication systems?

45
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The answer to this question is primarily presented in paper V and to some degree
in papers III and IV. RQ3 asks one of the more important questions when it comes
to having communication as a secondary task.

RQ3
How can communication be designed so that a user achieves enough situation

awareness to benefit a task with minimal disturbance to that task?

The basis for the answer to this question is part of papers I and II but is explored
more thoroughly in the rest of the thesis, in which the results from papers I and II
are used in the design.

RQ4 is not central to any of the papers but is a question that is present in all
of them with regard to the use of mobile technology.

RQ4
How does mobile technology add value to communication other than enabling

mobility?

With the guidelines presented in the previous chapter (see section 4.1.4 page 30,
we have some parts to the answers to the third research question, RQ3.

The first guideline: When an interruptions task, which is of equal importance
or related to the primary task, does not cover the view of the primary task for a mo-
bile user, consider showing it directly instead of giving a notification. This guideline
indicates that we should show relevant information that is connected to situation
awareness directly and this can be presented in a way that does not obstruct the
primary task. An example of this is the timeline in prototype for remote support
for trauma resuscitation from Case Three, in which information about activities is
added directly as they occur.

The second guideline: Audio interruptions can be more stressful and harder
to place in time than visual interruptions. This observation suggests that visual
presentation should be chosen if possible, and it is even more important when the
interruptions are connected to some kind of timestamp. We can see this being used
in both Case Two and Case Three, as we moved verbal interruptions that were not
directly part of the primary task into a visual space. We also made the connection
to time even clearer by putting relevant information into timelines.

These guidelines together with the design process for the prototypes fromMDTMs
(Case Two) and trauma resuscitation (Case Three) furnish us with a foundation to
an answer for RQ3. It is not as simple as just moving all communication that seems
to be about situation awareness to a visual form and thinking that a disturbing
element has been removed from the communication while still maintaining situa-
tion awareness. A balance needs to be achieved as the verbal request for specific
information can trigger better situation awareness for other participants in that the
request will make them aware of the specific information and its relevance to the
primary task. On the other hand, letting through requests for information that
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is widely available and understood by other participants will be disturbing, and,
if this is information continuously be updated such as the vital parameters from
Case Three, it will be a constant interruption of the primary task to update this
information for other participants.

In all of the cases, we are dealing with communication among members from the
same domain. The impact that this has on the design can be seen in the design for
MDTMs (Case Two) and trauma resuscitation (Case Three), but is most prominent
in paper V, in which the common language that the participating trauma surgeon
shares significantly affects the design of the mobile trauma prototype. With a short
description from the local surgeon, the remote participant can understand most of
the visual aspects of the patient related to the task, and the prototype can therefore
use the limited real estate of the mobile device for more important information. In
this point, we can see an answer to RQ2, as the focus on the primary task executed
by the participants and the roles they contributed to the design, in that a focus was
on the information that is most valuable for the future users’ role and task, and puts
less emphasis on other information. Even with an understanding of users’ tasks,
roles and information needs, it can still be a challenge to design a tool that satisfies
the specific situation, as can be seen in the prototype for MDTMs from paper III,
in which pointing was considered a significant addition to the understanding of the
task, roles and information that need to flow.

The use of mobile technology has been interesting and given us increased insight
into the benefits that this type of technology can add to systems for communica-
tion. One of the easiest aspects to see is access. In both MDTMs and trauma
resuscitations from Cases Two and Three, we have observed how the use of mobile
technology gives the users access to sources of information that was not as easily
obtainable previously. This access is not necessarily positive, however, as can be
gathered from the disturbing influence that audio communication [17] can have and
the concern that was raised for the Clinical Journal in paper III because users fo-
cused on the prototype instead of the ongoing discussion that was the primary task
of the situation.

Other aspects that are primarily seen in Cases Two and Three are the interac-
tivity with the information that mobile technology enables without changing the
structure of the task. In Case Two, the prototype enabled remote participants to
point at radiology images and thereby interact with the images, which was not pos-
sible earlier, at least not in a way that was shared with remote participants. The
presenter also showed us potential new interactions with the prototype to guide and
focus the group on certain information or to help in the transition between different
parts of the discussion. This feat was accomplished by navigating in the Clinical
Journal in shared mode, a move that changed the view for others and the shared
big screen. Another activity that is related to interactivity that we observed in both
Case Two and Three was the exploration of information. In Case Two, this was not
always positive, as this interactivity was seen as something that could deflect the
focus from the discussion.

It can be argued that both access and the different type of interaction could have
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been gained with other technologies, for example, with large multi-touch screens. A
significant difference with mobile technology is that these aspects could be added to
the situations without significant changes to environment and task. Mobile technol-
ogy also blurs the line between what kind of use is co-located and what is remote.
The prototypes we have developed are in most cases designed to work in both situ-
ations even if this possibility was not fully tested. The problem we solved was not
connected to the location of the user but to the task that the person would perform.
Consequently, we have an answer to RQ4. The answer is connected to the specific
situation that we have observed, and other types of value can be available if mobile
technology is used in other situations.

Since we now have answers to the three sub-questions RQ2-RQ4, we can return
to the main question, RQ1, and to the different parts that have been explored in this
thesis to answer this question. When it comes to the three cases I have presented, a
driving idea has been that the situation with domain experts working with a specific
task will require less information than when communication is accomplished in more
general terms. In Case Three, the design was affected significantly by the situation
of experts who were communicating about a primary task that dealt with trauma
resuscitation. In understanding this situation, the design could incorporate only
the information that was valuable for the task. It is also important to note that the
design did not try to create the best situation awareness for the remote expert but
instead focused on creating situation awareness around the important aspects of
the task. Another significant part of the design process for Cases Two and Three is
the reduction of noise and disturbance in the communication by removing repeated
information that contributes to situation awareness from the audio channel that is
used for other information as well. To reduce the burden of the communication as
a secondary task, the design process has also included the process of moving the
source of information in many cases from participants to a more automated medium.
In Case Two, this was done by giving easy access to the available information to
all participants and thus decreasing the need for participants to ask for information
about topics that will not contribute to the main diagnosis task but that is significant
for the participants situation awareness. The same process was beneficial in the
design for the prototype for remote support of trauma resuscitation used in Case
Three. In this, we also noticed information exchange that was in the form of a simple
transfer from a local team to a remote expert. Following the experience from Case
One and Case Two, we automated this transfer when possible and notified the user
visually and directly in the interface following the guidelines from Case One to
decrease the impact on the main consultation task.

5.1 Reflection on Method Used

In all cases, I would have hoped to do more: more observations, more studies and
more people involved. It can, of course, always be argued that more should have
been done, but I think we struck a balance in most situations even if I regret that we
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never tested the Clinical Journal in a remote setting to show that our design really
worked both locally and remotely, which was part of the design. I also regret that we
did not fully develop and test the prototypes for input of data that we had designed
for the local trauma resuscitation team. This testing would have shown that much
of the data that was verbally transmitted could be captured and transmitted in a
more non-disturbing and automatic way.

I can see how my engineering background has hindered me in the beginning
from being more effective in many of the tasks typical for an interaction designer.
This obstacle is especially true for Case One, in which these kinds of activities were
conducted with a lack of awareness and only later fully appreciated in the work that
was done. My background is not only a limitation, however, as I believe my focus
on the task and prototypes that have yielded positive results have their roots in my
initial discipline. In the end, I believe that the mix of knowledge that I now possess
has put me in an excellent position for future system and product development.

The work as an interaction designer is not always easy in healthcare. Time with
users and important stakeholders in the design is limited and unpredictable. To
deal with this shortcoming, we have had to be flexible in both time and the activity
used in the end. One example is the final test that we did on the prototype for
the trauma resuscitation where months of work could have been wasted as almost
all surgeons were suddenly removed from our setting when a serious real trauma
situation required them to act. As the scheduling of this type of event had to
be done a long time in advance, a new one would not have been executed in the
timeframe of the project. Fortunately, we ended up with one surgeon available for
the time of the session, and, by including contextual interviews in the final data, we
could get results from the work that had been spent preparing for this study. It can
be argued that in situ should then be used to have access to the users while they are
doing their work anyway, but, with real patients involved, there is the possibility of
endangering a person’s health, and that is never acceptable.

5.2 Mediated and Mobile Communication for Experts

The strength and features of different types of media were presented in chapter 2and
the importance of the impact that different media can have on a design was seen
in Case One, in which graphic and audio notifications were compared. The results
from Case One in papers I and II does not fully answer RQ3, but the exploration
on interruptions and different notifications was a significant contribution to the
disturbance part.

The type of media was also present in Cases Two and Three, an important
aspect of which was the connection between available information and the media
that should represent it. Both prototypes used a mixture of graphic and textual
representation with an overview first and details on demand [42]. Graphic repre-
sentation was used for the overview because of its capability to condense data into,
for example, figures and graphs [6].
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Awareness is a part of the main question RQ1 but also RQ3, and in both Cases
Two and Three an understanding of what elements are important sources of situa-
tion awareness [19] had an impact on the design. By finding the relevant elements
in the work environment for the task, the prototype could reduce time spent at level
1 (finding sources for situation awareness) and transition the user more quickly to
level 2 (combine sources) by presenting information from only the relevant elements.
The type of media and the presentation of the information were an aid for the user
at level 2 by making the information easy to combine or, in some cases if possible,
already combining it in a meaningful way. Level 3 (future prediction) is mostly
an internal affair even if support for this could be created. However, we are then
moving into the field of decision support.

The use of mobile technology in our work has made it clear to us that the
time/space matrix [2] (seen in chapter 2 figure 2.1) common in CSCW does not
fully cover the work that we have done. Case One on wearable computers and Three
with remote trauma support should traditionally be a situation that is considered in
the section “same time/different place,” and Case Two on MDTMs is easily placed
in the section "same time/same place". Even with this difference, we saw many of
the same solutions being applied in all cases. A timeline was, for example, used
in both Cases Two and Three to help the users to understand the situation from a
chronological perspective. The selection of media for these different situations also
shared many similarities because of the similarities of designing for a communication
that was secondary. This fact shows that it may not always be easy to group systems
depending on space. In our work, we have seen that, when it comes to designing a
system, there is more to gain in looking at systems designed for similar tasks than
including co-located or remote participants. By designing from the perspective of
beyond being there [41] the technologies’ possibilities to support the task become
central, and the location of the participants is of lesser concern. In both Cases
Two and Three, we ended up with a prototype that could support both remote
and co-located use. The task as a remote expert in Case Three is, of course, not
relevant when being co-located, but the same type of information is still needed to
be aware, and there is a benefit in presenting it in a similar way. For some type
of usage, it is easy to define the placement in the matrix, and I am therefore not
looking for a retirement of the time/space matrix. Instead, I would propose that
the border between the two groups for same time is a gradient change. For the work
we have done, I can see that mobile technology fits into this space agnostic area,
but other types of usage and technology could fit as well. The changes I propose
for the space/time matrix can be seen in figure 5.1.

It can be argued that there is support for a gradient change on the time axis
as well. For example, the use of the timeline as an aid for a remote expert to
catch up when arriving late for a trauma resuscitation could be seen to fit into
the Communication + Coordination section in figure 5.1. As the work I have done
has only dealt with synchronous settings, I will not elaborate on this, but perhaps
further revisions are needed of the time/space matrix than what I have proposed to
describe contemporary groupware.
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Figure 5.1. Modified CSCW time/space matrix showing that mediated communica-
tion systems using mobile technology are somewhere between co-located and remote
systems.

Even if many prefer a user-centered design approach today [75], the use of an
activity-centered design approach has been beneficial. I have created positive results
with a focus on the activity when designing from the perspective of the strength in
the technology itself. By combining the need of the task, the selection of technology
and the design of the prototype, it was easier to find what was needed from the
design and what information should be included, which is a significant part of the
answer for RQ1, RQ2 and RQ3.

5.2.1 Impact

In this work, I have shown that, at least when it comes to experts communicating,
there are benefits in looking at the tasks and the different roles of the participants.
The goal should not always be to maximize the feeling of presence of others, at least
if that goal comes from an effort to replicate the face-to-face meeting. Instead more
effort should be put into how the technology can support the task in the best way
and create a situation awareness that is sufficient. This observation does not neglect
all the important work being done in the field of telepresence [49, 28, 66, 9, 3] but
it widens the approach when designing these kinds of systems in the same way that
has been the case for the prototypes that were part of this thesis.

When it comes to mobile technology, in the work we have done, I have seen
that the systems that have been developed do not fit easily into one of the areas in
the CSCW time/space matrix. Mobile technology transcends at least the borders
between co-located and remote systems, perhaps even the synchronous and asyn-
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chronous border, and this aspect is something that designers should consider when
using mobile technology.

5.3 Future work
It is important to find the limitations of this work and the balance between a very
task-oriented approach and the creation of trust and group feeling that telepresence
achieves. I have no desire to replace the work that is being designed for mediated
communication, but, instead, my goal is to widen the design space for these kinds of
systems. For this to be more useful for designers, it is important to extend the areas
where this focus on task and roles can be useful. I have shown that this approach
is beneficial for health care situations that involve experts and where participants
are focused on the task at hand for a specific amount of time, but other areas could
equally benefit from the ideas that have been presented here.
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