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Abstract
Augmented Reality has potential to support collaboration in
complex situations, such as command and control. Unfortunately there are few studies on how such systems should
be designed to facilitate cooperation between actors from
different organisations and at the same time support individual actors needs. This poster presents an iterative design
process of an Augmented Reality system for a collaborative
task.
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Introduction

In complex collaborative situations, such as command and
control in crisis management, actors from different domains
and organisations must work together [Cross and Bopping
1998]. However, collaborative work across organisational
borders is not simple and confusion emerging from differences in terminology is not rare. We believe that Augmented
Reality (AR) is especially suitable to support collaboration
between actors from different organisations. AR allows for
independence and individuality [Billinghurst and Kato 2002]
meaning that each actor can independently have data tailored to her needs in various situations. AR also supports
cooperation [Billinghurst and Kato 2002] as the actors can
see each other and cooperate in a natural way. This poster
presents an iterative design of a multi-user AR application,
where AR is used to aid cross-cultural collaboration. The
system is intended to support collaborative work between
representatives from police, rescue services and military personnel, working jointly with the goal of coordinating work
in a crisis situation.
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Background and related work

AR research has to a large extent been focused on single
user applications with different purposes, such as applications that provide the user with instructions. Billinghurst
& Kato [2002] presented a vision of shared space using AR
technology and since then several papers have illustrated
different ideas of merging AR with collaborative computing
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approaches. Even though AR systems are designed differently with different applications and tasks in focus the methods used to evaluate them are similar and mainly based on
usability methods used for more traditional graphical user
interfaces, sometimes in combination with usability for VR
applications [Träskbäck 2004; Nilsson and Johansson 2006;
Dünser et al. 2006]. This approach has some complications
since it is not based on the experiences from actual AR systems users in actual contexts.
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Method

We have adapted an iterative design approach where realistic exercises are combined with focus groups in an effort to
catch both user behaviour and opinions. The design study
included a pre-design phase where field experts from three
different organisations (fire and rescue services, police department and the helicopter platoon in the local area) took
part in a brainstorming session to establish the parameters
of the AR system. This brainstorming session was used to
define the components of the software interface and based on
an analysis of the brainstorming session a first design was
implemented.
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The first design

In this section we describe the first AR system prototype as
well as the setting of the study and the results of the evaluation. Observations, focus groups and questionnaires were
the main tools for collecting data. The task for the participants was to collaborate in responding to a forest fire. The
AR system was used as a tool for them to see and manipulate their resources and as a way to have an overall view of
the situation, while cooperating over a digital map.

4.1

System description

The AR-system used hand-held devices that are easier to
remove than head mounted displays. We used a digital map
were participants had personal, individual views, allowing
them to see an organisation specific map and the symbols
they normally use. In this way each actor has her own information mapping to the AR markers on the map to facilitate
independence and individuality. Hand pointing on the digital map was not possible and instead an interaction device
to point digitally was used.
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4.2

Results

The first evaluation revealed a number of issues regarding
the design of the system as well as the scenario used. In
general, the participants were positive to the AR system.
What they appreciated most was the easy overview of what
was going on, being able to see all resources placed on the
map facilitates the joint task. The design of the AR system
as a handheld device did not receive a positive response and
the observations clearly illustrated this point. Despite this
the participants thought it was easy to use and that it was
quick to learn.
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The second design

The follow-up study was conducted as a focus group where
the participants were asked to reflect on their experience in
the first study. Then the redesigned system was presented
and the participants were observed using it to complete simple tasks from the scenario in the prevoius study. After this
the focus group discussion continued with reflection on the
new design.

5.1

System description – the new design

The handheld display was replaced with a head mounted
display allowing freedom of movement, Figure 1. The interaction device was also considerably redesigned and in the
new AR system the user can easily manipulate objects using only one hand as opposed to using both in the previous
prototype, see insert in Figure 1.

The new interaction device was also appreciated and the
participants found it very easy to use and quick to learn.
The added possibility to see hand gestures such as pointing, on the digital map has simplified the interaction considerably and also results in a more natural interaction and
better communication between the participants. The participants did not only appreciate the new design, it also gave
them ideas on how to further use the AR system and see
the potential of future applications, such as in distributed
collaborative tasks.
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Discussion and implications

We have presented an iterative design process of AR devices
for collaboration. The AR system was developed in several
steps in studies with real users, in near real settings. As a
result of our investigations the design of the AR system was
greatly improved during the iterations and we are now ready
to conduct full scale studies of the use of AR for collaboration
in crisis management. Working iteratively with re-design
and evaluation, involving real users is invaluable. Making
only one major evaluation, as often is the case in AR studies,
obscures both flaws and opportunities with new technology.
The design described in this paper is not yet final, and the
real challenge sets in during the next phase – when our AR
system is to be tested in an extensive naturalistic study with
participants from the field.
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system used in the studies and to Fredrik Köhler who assisted in the studies, and of course to our participants who
volunteered their time and effort to this project.
Figure 1: The redesigned display and interaction device,
which allows the user to choose a virtual object and place it
on the digital map.
Another improvement made was a simplified interaction in
where the user can point at things in the digital map, see
Figure 2.
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Figure 2: Deictic pointing in a digital map as seen through
the head mounted display of the re-designed AR system.

5.2

Results

The head mounted display was a big improvement and allowed the users to move around and interact more freely.
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