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In the past few years, augmented
reality (AR) has received increas-
ing attention from research and
industry. By nature, AR is a highly
interdisciplinary field engaging
signal processing, computer
vision, computer graphics, user
interfaces, human factors, wear-
able computing, mobile comput-
ing, information visualization, and
the design of displays and sen-
sors. AR concepts are applicable to
a wide range of areas involving
the automotive industry, surgery,
and office environments. In addi-
tion to a series of symposia and
workshops devoted to this field,
several journals have offered spe-
cial issues on AR. This paper—
which originally appeared as an
introduction to a special issue of
the International Journal of
Human-Computer Interaction
(ITHIC)—focuses on usability and
collaborative aspects of AR; specif-
ically, it summarizes the work of
the six authors whose papers
appeared in that issue [6].
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Previous special issues have dealt
with other aspects of contempo-
rary AR research and develop-
ment, such as computer-augment-
ed environments with topics rang-
ing from mobile computing, ges-
tures, tracking requirements, and
ubiquitous computing, to the mix-
ing of paper and digital informa-
tion [13]. One issue offered papers
on wearable systems, a magnify-
ing-glass approach; registration
errors, confluence issues, and
judgment of distance to nearby
objects [2]. And finally, there was
a special issue which offered
papers on outdoor mobile sys-
tems, tracking in unprepared envi-
ronments, robust tracking, optical
and magnetic tracking, occlusion
in collaborative environments, 3D
aural augmentation, and direct

manipulation [7].

These days some topics, such as
registration errors, are being
researched less, while other topics,
such as tracking and mobile out-

door devices, remain prevalent in

AR research and development. As
AR technology advances, it has
become increasingly accessible to
a wider public and offers promis-
ing capabilities in supporting col-
laborative work. For instance, the
field of tangible user interfaces is a
practical example of how AR tech-
nology can mediate collaborative
work [12], [5].

In the design process of an AR
application, a series of questions
related to human-computer inter-
action (HCI) call for attention:
Who are the users and what are
their needs? How can a system be
designed to work effectively and
efficiently for these users? How is
effectiveness and efficiency meas-
ured in AR applications? Do users
prefer an AR system or an alterna-
tive tool to go about their work?
And finally, with what kind of
tasks and what kind of alternative
tools should the usability of AR

applications be tested?

Additionally, perceptual issues
demand further attention, relating
predominantly to the user’s visual
and auditory capacities [1].
Embodiment and embodied inter-
action must also be considered,
and has been recently addressed
by Dourish, who suggests that
users create and communicate
meaning through their interaction
with a system [4]. Lastly, issues
related to work and collaboration
require additional investigation,
and are treated by the six papers

summarized here.

These papers touch upon most of
the HCI questions and topics pre-
viously mentioned. Some papers
are more visionary and focus on

novel enabling technology for col-
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Figure 1: Collaboration with AR technology.

The subjects wore a head-mounted display with
a small video camera attached. (With courtesy
of M. Billinghurst, D. Belcher, A. Gupta, and K.
Kiyokawa).
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laboration, while others offer solid
empirical work, presenting experi-
mental studies with alternative
applications. In reading some of
the studies included in the IJHCI
special issue, the reader will rec-
ognize that the topics of usability
and collaboration are dealt with

simultaneously.

Special Issue Papers

The need for studies evaluating
the effect of computerized tools on
human cooperation and commu-
nication is well justified and docu-
mented in the first paper, pre-
pared by Billinghurst, Belcher,
Gupta, and Kiyokawa [3]. The
authors report on two experi-
ments: the first involving collabo-
ration with AR technology (Figure
1) as compared to more traditional
unmediated and screen-based col-
laboration, and the second, a com-
parison of collaboration with three
different AR displays. In both
experiments the authors used
process (capturing the process of
collaboration through the number
and type of gestures, and the
number of deictic phrases spoken)
and subjective measures, in addi-
tion to more traditional perform-
ance measures. It was found that
users exhibited many of the same
behaviors in a collaborative AR
interface as they did in a face-to-
face unmediated collaboration.
However, user communication
behavior changed with the type of
AR display used. The authors then
describe implications of the results
for the design of collaborative AR
interfaces and present directions
for future research. The variety of
different, and very relevant meas-

ures, used in the studies contrasts

with most AR research.

In the second paper, Kooper and
MacIntyre demonstrate how the
current World Wide Web (WWW)
will evolve over time into a Real-
World Wide Web (RWWW) [8].
The authors describe a prototype
AR system, which allows users to
interact with a 3D spatialized
WWW-based information space.
They make assumptions concern-
ing the characteristics of such a
system, discuss the implications of
those assumptions for AR inter-
faces, and describe the experience
of creating a prototype RWWW
browser. The RWWW browser
uses spatially located anchors to
indicate the location of informa-
tion nodes. This provides users
with an unobtrusive indication of
the information available that
does not significantly interfere
with their view of the world. A
major interactive aspect of anchors
is the use of glance- and gaze-
selection, which are interesting
solutions towards a usable realiza-
tion of a RWWW. While the sys-
tem is designed to work without
the use of additional displays, the
authors indicate how handheld
devices can be used for conven-
ient configuration and control of

the system.

In the third paper, Menozzi, Hofer,
Népflin, and Krueger examine
what happens to users of AR
when two sources of information
interfere [9]. In the study, they
investigate the interference
between real-world and artificial
information, which affects per-
formance in completing a visual
search task. The search task was
carried out under three different

conditions. A video recording of a
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driveway served as the back-
ground. In one condition the
recording was replayed continu-
ously. In a second condition, static
images of the recording were sam-
pled at five-second intervals and
replayed as background. A uni-
form gray background served as
baseline condition. As expected, it
was found that the detectability of
the target was highest in the base-
line condition, reduced in the
presence of static images, and
lowest in the condition with con-
tinuous playback. However, sub-
jects were found to be more effi-
cient when targets were presented
in the lower, rather then the
upper, part of the screen. The
authors conclude that perform-
ance in detecting artificial infor-
mation not only depends on spa-
tial characteristics, but also on
temporal variations of the back-
ground on which the artificial
information is superimposed. The
authors then proceed to indicate
under what circumstances artifi-
cial information in AR systems
should be avoided. The results of
this paper are well documented
and will be of interest to designers

of mobile AR systems.

In the fourth paper, Pedersen,
Buur, and Djajadiningrat present a
design case involving two concep-
tual interaction designs for a fre-
quency converter (used to control
the speed of electric motors in
many industrial applications) [10].
These converters are found in
environments unfamiliar to design
teams, making it difficult for
designers to suggest usable inter-
action concepts. The authors sug-
gest methods to bridge the design-
ers’ imagination and users’
insights into the use-context. With
a background in the Scandinavian
tradition of participatory or coop-
erative design, the design team
observed and talked to users,
sketched and produced mock-ups,
acted out scenarios and received
user feedback during these field
trips. By practicing design in the
field, designers achieve a direct
physical experience of the circum-
stances and a non-represented,
non-abstracted introduction to the
problems at hand. To achieve a
maximum benefit of AR in the
design of professional tools, the
authors argue that knowledge of
state-of-the-art technology is nec-

essary, but not sufficient. Technical

insights must hence be comple-
mented by design approaches pro-
viding both insight about the
users, their work practice, and the
use-context. The methods suggest-
ed will most likely provide sub-
stantial help in designing success-
ful “technology rich” applications.
Through the work presented, the
authors have explored an interest-
ing problem that is not adequately
addressed in the existing litera-

ture.

In the fifth paper, Thomas,
Quirchmayr, and Piekarski present
a model for bringing the coordina-
tion power of workflow manage-
ment systems to outdoor wearable
AR systems [11]. They show how
mobile equipment may be inte-
grated with adaptive context
aware work environments. A sce-
nario of a medical-emergency task
is described to illustrate the func-
tionality of this form of a collabo-
rative system. Appropriate infor-
mation stickers are introduced to
support data collection in medical
emergency scenarios through a
hands-free user interface for med-
ical workers (Figure 2). A key fea-

ture is the access to relevant infor-

PAPER AUTHORS PAPER TITLE

1 Billinghurst, Belcher, Gupta, and Kiyokawa

2 Cooper and Macintyre

3 Menozzi, Hofer, Napflin, and Krueger

4 Pedersen, Buur, and Djajadiningrat

Thomas, Quirchmayr, and Piekarski

6 Wiedenmaier, Oehme, Schmidt, and Luczak

Communication Behaviors in Co-located Collaborative
AR Interfaces

Browsing the Real-World Wide Web: Maintaining Aware-
ness of Virtual Information in an AR Information Space

Visual Performance in Augmented Reality Systems
for Mobile Use

Field Design Sessions: Augmenting Whose Reality?

Through Walls Communication for Medical
Emergency Services

Augmented Reality (AR) for Assembly Processes
Design and Experimental Evaluation

Table 1: Articles in the IJHCI special issue

interactions /

november + december 2004



Moty Salaer Ingut

BP 1308
Tem

Allergies: Morphine

Contraly Dlsplay
Infa

mation for users in the mobile
environment, as well as for those
in the advanced control room. An
additional advantage is the auto-
matic recording of on-site data,
which helps to build the medical
record of a patient without inter-
fering with the work of the emer-
gency team. The user-interface
technology for which the authors
propose investigation includes

tutorial by an expert) were exam-
ined in order to compare them
with ARsembly. The results
showed that the assembly times
varied according to the different
support conditions. AR support
proved to be more suitable for dif-
ficult tasks than the paper manual,
whereas for easier tasks, AR sup-
port did not appear to be signifi-
cantly advantageous. Some of the

information obtained in this inves-

Figure 2: To assess a current situation, the recovery doctor views the multlmedla/ AR information stick-

AR information stickers placed by the paramedic as world-relative
information. Here, a prototype view of two forms of information for the
recovery doctor is shown. (With courtesy of B.H. Thomas, G.

ers, and the allocation of patient tigation also indicates important

Quirchmayr, and W. Piekarski).

-

Figure 3: A hybrid AR-HMD and Touch-Panel-
Display System was chosen for the AR-supported
assembly. This hybrid system makes wearing a
HMD during the entire assembly unnecessary.
The Touch-Panel-Display shows the easier
assembly steps such as those in an electronic
manual, and it is fixed to the frame for the door
assembly. (With courtesy of S. Wiedenmaier, O.
Oehme, L. Schmidt, and H. Luczak).
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medical records to specific loca-
tions of the human body. These
are novel and innovative uses of
AR technology. The strength of
this work lies in describing the
application scenario. The authors
show a strong expertise in devel-
oping outdoor AR interfaces and
show how the prototyping of
some elements required for the
envisioned large-scale system
occurred. Finally, this paper shows
how outdoor collaborative AR can
be embedded into a larger work-
flow system.

In the sixth paper, Wiedenmaier,
Oehme, Schmidt, and Luczak
show how AR for assembly
processes can be a new kind of
computer support for a traditional
industrial domain [14]. The article
concisely links AR to the real-
world task of assembly, and
named it ARsembly. The article
describes a typical scenario for
assembly and maintenance per-
sonnel and how AR might support
both (Figure 3). For this purpose,
tasks with different degrees of dif-
ficulty were selected from an
authentic assembly process from
the automotive industry. Two
other kinds of assembly-support

media (a paper manual and a
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considerations for improving
future ARsembly applications. The
authors make a valuable contribu-
tion in presenting empirical
results comparing different types
of support for assembly processes.
They also show some evidence
that a particular AR system in
some situations can have advan-
tages over traditional paper-
assembly manuals. Their work
shows where AR is both suitable
and unsuitable. For AR to achieve
wide spread application, it is
important to take AR “out of the
lab” into the “real world”.

Summary

The papers in the IJHCI special
issue weave a framework of typi-
cal AR design issues and consider-
ations. They show how to design
usable AR applications and how
to support collaborative work by
putting AR technology to work.
Several themes recur and thus
deserve particular attention. In
order to follow the description of
these themes, the reader is direct-
ed to Table 1. All of the papers
study the design and use of AR
applications. Some papers investi-
gate different forms of collaboration
(1, 4, and 5). Two papers present
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work with a direct relevance for
industrial settings (4 and 6), one for
the electrotechnical (4) and one for
the automotive industry (6). Several
papers examine mobile computing
(2, 3, and 5) and different uses of
Web applications are highlighted in
three papers (2, 5, and 6).
Applications for the medical field
are examined in one paper (5) and
several papers present issues relat-
ed to transportation (3, 5, and 6).
One paper focuses on user-centered
design (4). The effect of display tech-
nology is investigated in two
papers (1 and 3). Finally, the
employment of handheld devices is

presented in two papers (2 and 5).

The use of augmented reality
technology shows wide-ranging
possibilities. If care and attention
is paid to the usability of such
technologies—in real-world set-
tings—the evolution should be on
a promising track. The implica-
tions of AR for collaborative work
call still for further investigation.
How the use of AR systems in dif-
ferent work contexts will affect
the way we go about our every-
day occupations, also merits fur-

ther attentions.
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