
Linköping Studies in Science and Technology

Dissertation No. 1306

Augmentation in the Wild:
User Centered Development and
Evaluation of Augmented Reality

Applications

by

Susanna Nilsson

Department of Computer and Information Science
Linköping University

SE-581 83 Linköping, Sweden

Linköping 2010

(    1    )



c© Susanna Nilsson 2010
ISBN 978-91-7393-416-9
ISSN 0345-7524

Typeset using LATEX

Printed by LiU-Tryck, Linköping 2010

ii

(    2    )



The only way to discover the limits of the possible is to go beyond them into the
impossible.

Arthur C. Clarke

(    3    )



(    4    )



Abstract

Augmented Reality (AR) technology has, despite many applications in the research
domain, not made it to a widespread end user market. The one exception is AR
applications for mobile phones. One of the main reasons for this development is
technological constraints of the non-mobile phone based systems - the devices used
are still neither mobile nor lightweight enough or simply not usable enough. This
thesis addresses the latter issue by taking a holistic approach to the development
and evaluation of AR applications for both single user and multiple user tasks. The
main hypothesis is that in order for substantial wide spread use of AR technology,
the applications must be developed with the aim to solve real world problems with
the end user and goal in focus.

Augmented Reality systems are information systems that merge real and virtual
information with the purpose of aiding users in different tasks. An AR system is
a general system much like a computer is general; it has potential as a tool for
many different purposes in many different situations. The studies in this thesis
describe user studies of two different types of AR applications targeting different
user groups and different application areas. The first application, described and
evaluated, is aimed at giving users instructions for use and assembly of different
medical devices. The second application is a study where AR technology has been
used as a tool for supporting collaboration between the rescue services, the police
and military personnel in a crisis management scenario.

Both applications were iteratively developed with end user representatives involved
throughout the process and the results illustrate that users both in the context
of medical care, and the emergency management domain, are positive towards
AR systems as a technology and as a tool in their work related tasks. The main
contributions of the thesis are not only the end results of the user studies, but
also the methodology used in the studies of this relatively new type of technology.
The studies have shown that involving real end users both in the design of the
application and in the user task is important for the user experience of the
system. Allowing for an iterative design process is also a key point. Although
AR technology development is often driven by technological advances rather than
user demands, there is room for a more user centered approach, for single user
applications as well as for more dynamic and complex multiple user applications.
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Chapter 1

Introduction

Augmented Reality (AR) was for a long time a technology limited to the few

researchers who spent their time developing systems that allowed the merging

of real and virtual worlds in order to enhance the reality of a human using

(or wearing) the system. Recently, with the introduction of the smart mobile

phones, the field of AR has expanded drastically and today basically anyone with

a relatively new mobile phone can download an application that allows them to

superimpose virtual information over the real world (as seen through the camera

and display of the phone). AR became a buzzword in 2009 and the technology

was mentioned in numerous on-line articles, stories and blog posts. As with many

new trends in technology though, the technology is much older than the latest

hype. Overlaying virtual information on top of someone’s real world view is an

old concept that has been used in binoculars and telescopic sights for weapons

for a long time. Ivan Sutherland first demonstrated the concept of head mounted

displays to create a virtual, or semi virtual experience already in 1965 and since

then one of the main display technologies used in AR development has been the

head mounted displays. This thesis describes the development and evaluation of a

number of AR applications that all are based on head mounted display technology.

The field of AR has grown and expanded drastically in terms of commercially

available applications during the last couple of years, but as previously noted,

mainly mobile phone based applications. The stationary, projection based and

1
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2 Chapter 1. Introduction

head-mounted AR applications are still noticeably absent in the commercial end

user domain. This circumstance may be the result of the technical focus of the

research, where emphasis has been placed on developing functioning rather than

user-friendly applications. This is often the case in the earlier stages of any

technical development as it is difficult to conduct user studies on products that are

not working properly. However, ensuring usability is in many ways the foundation

for any user interface or product, including AR systems, and should be included

in all stages of system development.

1.1 Mixed Reality and Augmented Reality

Mixed Reality (MR) is a collective term used for the technologies developed to

merge real and virtual information. Milgram and Kishino (1994) describes Mixed

Reality as a virtual continuum which illustrates the relation between Augmented

Reality (AR), Virtual Reality (VR) and the stages in between, see Figure 1.1.

Figure 1.1: The virtual continuum as described by Milgram and Kishino
(1994).

While VR are systems that are totally immersive and allows the user to experience

a more or less complete virtual world, AR only amplifies certain features, or adds

some virtual effects, to the world as it is experienced by the user. Usually the virtual

elements are presented visually through a head mounted or a mobile display. The

focus in many MR definitions is "the merging of worlds" but MR is also defined

as the technology used to accomplish this merging of real and virtual worlds.

The technology usually includes a computer, some form of small display (most

(    18    )



Chapter 1. Introduction 3

commonly used are PDAs, mobile phones or head mounted displays) and tracking

software. Technically there are two primary solutions to the problem of visually

merging virtual information into the perceptive field of a user. The most straight

forward way is to use a see-through, head up, display which allows the user to

see the real world through what can be described as a pair of glasses. In this

solution the virtual information is projected directly onto the see-through display

in the users field of view. This solution is rather difficult in terms of visibility and

depth cues of the virtual information given to the user. Problems like these has

lead to the development of the video see-through approach most commonly used

in AR systems. In this approach the virtual and real world information is fused

before it is presented in a display to the user. This is done by using a camera

which delivers the real world image to the computer, and the application program

then merges the virtual information into the real world image before the complete

image is presented in the users field of view. This approach gives more control

over the image presented to the user and also has considerably fewer problems

with visibility compared to the optic see-through approach (Azuma, 1997). A

more detailed description of the technology is given in chapter 2.

AR applications have been developed for numerous different purposes, such as

instructional tools in manufacturing and processing industry, different types of

games in mobile phones, for overlaying images during medical procedures and as

information devices in head up displays in air planes etcetera. There are in general

two main types of end user applications - for single user purpose or for multi-

user purpose. In the AR domain there are examples of both types, but there are

few applications that focus on interactive aspects and dynamic user driven tasks.

The AR systems used in the studies presented in this thesis have been developed

for different purposes. The first purpose was to give instructions on how to use

medical equipment, which is an example of a rather static, straight forward task.

The second purpose was to develop an application suitable for a task with dynamic

and changing requirements, that also relied more on user input, than the previous

application. The systems used are all based on video see-through AR technology

and make use of head mounted displays and cameras as can be seen in Figure 1.2.

(    19    )



4 Chapter 1. Introduction

Figure 1.2: A schematic view of a video see-through AR system.

The figure illustrates the AR concept with images from the second user study

presented in the thesis. The user sees her own hands and the medical device in

front of her, while at the same time the virtual animated instruction is overlaid

on the projected image giving her a mixed real and virtual view.

1.2 Evaluating Human Computer Interaction

In order to improve an existing product or interface, such as an AR system,

some type of evaluation is needed to find out what the problems are and how

we can improve the product or interface to solve them. Usability evaluation

is one type of product assessment that focuses on system functionality, users’

experience of the interaction and problem identification. There are different ways of

explaining, understanding and predicting human behaviour in interaction. Some of

the ideas have developed into frameworks, such as distributed cognition (Hutchins,

1995a; Suchman, 1987), participatory design (Schuler and Namioka, 1993), action

research (Wood-Harper, 1985; Checkland, 1991), information processing (Card

et al., 1983) and cognitive systems engineering (Hollnagel and Woods, 1983, 2005).

The most dominant framework regarding human action has been the information

processing (IP) framework, in which the human is modeled in much the same

way as a computer processor, with stimuli going in, being processed and then

responses coming out as a result (Card et al., 1983). This was the dominating view

on human behaviour and cognition during the early formation and development

(    20    )



Chapter 1. Introduction 5

of the cognitive science field of research. Usability evaluation methods, heuristics

and guidelines have been heavily influenced by the information processing view

on human cognition. Many usability guidelines and design recommendations are,

however, focused on minimising the internal processing required by the user and

usability evaluations are often designed to evaluate the factors identified by the

guidelines prescribed for the design.

In contrast to the human processing model, cognitive systems engineering and

distributed cognition approaches emphasise not only internal processes, but the

cognition is seen as distributed between the human and artefacts in the interaction.

That is, the cognition is distributed throughout the cognitive system which can

consist of people, artefacts and the surrounding environment (Hollnagel and

Woods, 1983; Suchman, 1987; Hutchins, 1995a). Applications developed in the

AR domain are mainly developed and tested or evaluated using traditional

usability methods, often with a focus on quantitative measures. This approach

has a valid scientific and psychological foundation and the aim of this thesis

is not to question knowledge about human cognition and human perception.

However, there are fundamental differences between desktop computer applications

and AR applications, which should be taken into account when performing user

evaluations.

1.3 Research Question

This thesis aims at describing and evaluating both an Augmented Reality system,

and the development process of that Augmented Reality system, by conducting

studies in near real life situations with end users taking part in both the

development and evaluation phase in order to give insight to future development

of Augmented Reality systems. To meet this aim, three AR applications have been

developed and evaluated; two single user applications with sequential instructional

tasks; and one multi-user application with a dynamic and interactive task. One

objective of the studies has been to apply a systemic method, the cognitive systems
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engineering framework, to the design and development of the applications. The

thesis also discusses how usability can be approached in the AR domain, both for

single and multi-user applications.

1.4 Research Contributions

This thesis aims a contributing to the field of Augmented Reality in describing how

development and evaluation can be done in order to not only learn about technical

solutions, but also how to tweak these solutions so that they actually match the

expectations of the end users. The thesis also gives an example of how theories of

systemic development processes can be applied to an actual system development

process. The studies conducted and presented in this thesis should be seen as a

practical application of the theories and methodologies presented. The thesis has

contributed to the field of Augmented Reality and Human Computer Interaction

by

• presenting a methodological discussion in relation to Augmented Reality

applications

• illustrating how iterative design and evaluation can be performed

• demonstrating how Augmented Reality is perceived and can be used in two

examples of single user applications with static, sequential tasks

• describing how a multi-user Augmented Reality application can be developed

and evaluated

• demonstrating how Augmented Reality can be used and perceived as support

to collaboration in a dynamic task

• providing lessons learned for development and evaluation of Augmented

Reality applications in real end user situations

• demonstrating a practical application of systemic theories
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1.5 A note on the terminology

In any research description a certain selection of words will be reoccurring, as is

the case in this thesis. Rather than explaining the terminology and the use of it

as it comes this section presents the most frequent terms and abbreviations used

and explains how they are used.

MR Mixed Reality, a collective name for all technology that merges real and

virtual information.

MR System A technical system used to merge real and virtual information

(predominantly visual and verbal information) and presenting it to a user.

An MR system has capabilities of showing only virtual information as well

as merging virtual with real world information.

VR Virtual Reality, a subset of MR which aims a giving the user a completely

immersive virtual world experience.

AR Augmented Reality, a subset of MR which ads virtual information to a

predominantly real image/representation of the world in order to enhance,

or augment, the information the user receives.

AR system An MR system which is used only for AR applications, that is not

completely immersive as the case with VR systems/applications.

Artefact A human made object.

Immersion Complete involvement or engagement in a task or experience. Often

used in relation to VR and computer gaming describing a form of detachment

from reality in favour of engagement in the virtual experience.

Application Used here as a term for the program that runs on the AR system.

System A system consists of several elements that coexist and interact for a

specific purpose. It can be a technical system where the system consists of

for instance hardware and software, but the term can also refer to socio-

technical systems and cognitive systems.
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Socio-technical system A system consisting of humans and technology, often

in relation to contextual work place research where the interaction between

humans and technology are studied. Complex socio-technical systems refer

to the interaction between complex societal infrastructure and human

behaviour.

Cognitive system A system which has the ability to modify its pattern of

behaviour on the basis of past experience in order to maintain control.

HCI Human Computer Interaction, a field of research focused on the study of

the interaction between humans and computers often in relation to design,

development and evaluation of computer based systems and products.

Usability relates to the perceived or measured ease with which people can use a

particular tool or other artefact in order to achieve a particular goal.

CSE Cognitive Systems Engineering is a field of research which focuses on the

study of complex socio-technical systems.

In the text the terms AR will be used when referring to the technical system

used. By definition the system used is a MR system since it has the ability to

run applications which are completely virtual, as well as applications that only

augment the real world image. However, the applications presented in the thesis

are all defined as AR applications.

1.6 Reading Instructions

The introductory chapter has given a general introduction to the thesis in terms

of defining the field of study, and presenting the research questions in focus.

Chapter 2 begins with an introduction to the field of Mixed and Augmented reality,

including some different technological solutions and examples of applications in

different domains. The second part of the theoretical chapter introduces theory

of human computer interaction (HCI) and the frameworks which have influenced
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the research in usability. A selection of HCI related theories, such as the activity

theory, distributed cognition and the cognitive systems engineering approach, as

well as theories related to collaboration and common ground are presented to

provide the backdrop for the research question.

In Chapter 3, the methodology which has framed the research is presented. The

chosen method was user studies conducted in the users’ work environment and

these studies are presented in detail in Chapters 4 and 5.

Chapter 6 aims at connecting the dots, by revisiting the research question and

discussing approaches to development and evaluations of AR systems by describing

the contribution of the end user studies and delivering a summarising discussion.

The thesis ends with Chapter 7, which includes a brief summary and the final

conclusions and presents a possible future direction of the research in relation to

user centred development and evaluation of AR systems.

1.7 List of publications

The studies in this thesis has previously been presented in parts in the following

publications:

Nilsson, S., Johansson, B., and Jönsson, A. (2010). Cross-organisational col-

laboration supported by augmented reality. Submitted to: Transactions on

Visualization and Computer Graphics.

Nilsson, S., Johansson, B., and Jönsson, A. (2009). Using AR to support

cross-organisational collaboration in dynamic tasks. In Proceedings of IEEE

ISMAR-09, Orlando, FL.

Nilsson, S., Johansson, B., and Jönsson, A. (2009). A holistic approach to design

and evaluation of mixed reality systems. In Dubois, E., Gray, P., and Nigay,

L., editors, The Engineering of Mixed Reality Systems. Springer.
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Chapter 2

Framing the thesis

This chapter addresses the theoretical framework which has influenced the work

and results presented in this thesis.

2.1 Augmenting reality

Mixed Reality (MR) is a general term for the technologies developed to merge real

and virtual information. The definition includes any type of perceptual information

- visual, haptic, sound or smell, but the currently most applied and researched

type is the visual information domain. The visual MR domain is also the main

application area of this thesis.

There are different types of solutions to creating AR applications and the main

types of visual applications include handheld, stationary, projection based and

head mounted devices. In the early days of AR the head-mounted AR system was

the dominating idea, inspired by Sutherland’s vision and prototypical "ultimate

display" system built in the sixties (Sutherland, 1965, 1968). Head mounted

solutions are still a large part of the research area for several reasons - they free

the users hands for other tasks and they are also true to the idea of continuously

enhancing, or augmenting the users perceptual field. In stationary AR larger

displays (desktop displays etcetera) are used and acts as windows to the virtually

13
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augmented reality. Rather than being "attached" to the user, augmenting the

world from the uses view point, the user sees the virtual world only when she/he

actually looks at the display. In a similar way projection based AR is usually

fixed to one location as it demands an appropriate surface to project the virtual

elements on. The MIT project the sixth sense explores the use of small "wearable"

projector allowing the user to move around and see the projected image on top

of any real surface (http://www.pranavmistry.com/projects/sixthsense/). Finally

the handheld AR application area includes any type of mobile display such as tablet

PCs (Träskbäck and Haller, 2004), mobile phones (Henrysson et al., 2005a,b), or

PDAs (Wagner and Schmalstieg, 2003). This is the area of AR which to date has

by far the most widespread and commercially available end user applications (for

instance the Layar, www.layar.com, application for the Android mobile phones or

iPhones). The amount of AR games for mobile phones has increased drastically

the past year and there a numerous applications available for download for the

most commonly used mobile phone platforms.

In general Augmented Reality is based on a few core technologies where tracking,

registration and displays are the most prominent (Henrysson, 2007). Tracking is

needed for the system to know where (position) and how (orientation) to place

the virtual information in relation to the user and his/her viewpoint. Registration

is the result of tracking - the alignment of the virtual information, and display

technology is the basis for the end result - how the mixed information is presented

to the user.

2.1.1 Display solutions for merging visual realities

There are several types of display solutions for presenting visual augmented reality

to the user including projection based displays such as retinal displays (Kollin,

1993; Tidwell et al., 1995; Oehme et al., 2001) and spatial displays (Olwal

and Henrysson, 2007), screen based displays such as head mounted displays

(HMDs), handheld devices such as tablet PCs, PDAs and mobile phones (Möhring

et al., 2004; Henrysson et al., 2005a,b) as well as more AR oriented handheld
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displays (Grasset et al., 2007; Schmalstieg and Wagner, 2007). Up to 2005 the

main display chosen for AR applications was of the HMD type (Bimber and

Raskar, 2006), however more recently the handheld, more specifically the mobile

phone based display, solution has grown drastically. These types of displays that

are either worn or held by the user, and are the most common tool for presenting

virtual information, but there are also examples of solutions which detach most

of the technology from the user (Bimber and Raskar, 2006). Instead of being

dependent on the user, these displays, known as spatial displays, are integrated

into the environment. AR applications using projectors are examples of spatial

display systems.

Regardless of display solution there are two principally different ways of merging

real and virtual worlds in real time today; video see-through and optic see-

through (Azuma, 1997; Azuma et al., 2001; Kiyokawa, 2007; Gustafsson et al.,

2004, 2005). Both types of systems were developed for HMDs, which are displays

that located directly in front of the users eyes (Sutherland, 1968). The two principal

technical solutions, however, are similar regardless of where the display is placed.

2.1.1.1 Optic see-through augmented reality

The ideal form of an Augmented Reality system would be a lightweight, non-

intrusive solution, perhaps in the shape of a pair of glasses that are easy to fold up

and put away when not in use. Ideally there would only be wireless communication

in the system and barely noticeable batteries running the system. The technical

solution that comes closest to this today is optic see-through AR. In optic see-

through AR, the user has a head mounted see-through optical display which allows

the user to see the real world as if through a glass lens (Kiyokawa, 2007) . The

virtual information is then overlaid on the see-through display.

Although the technique of blending virtual and real information optically is simple

and cheap compared to other alternatives, this technique is known to cause some

problems. For one, the virtual projection cannot completely obscure the real world

image - the see-through display does not have the ability to block off incoming light
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to an extent that would allow for a non-transparent virtual object. This means

that real objects will shine through the virtual objects, making them difficult to

see clearly. The problem can be solved in theory, but the result is a system with a

complex configuration (Azuma, 1997). There are also issues with placement of the

virtual images in relation to the surroundings in optic see-through displays. Since

the virtual objects presented to the user are semi-transparent they give no depth

clues to the user. In real vision humans with two functioning eyes will have several

important visual cues that help in judging where an object is placed. For instance

the size of the object related to the size of other known objects around gives

clues to the distance. Other important cues are if the object is partly occluded

by another object, then you know that it is behind the occluding object. When

virtual information is optically projected onto the see-through display the virtual

objects seem to be aligned along the same focal plane, see Figure 2.1.

Figure 2.1: The optic see-through solution makes it difficult to project virtual
information on different focal planes, thus creating the illusion that objects,
which are meant to be at different distances, appear to be at the same distance

from the user.

This gives the impression that all virtual objects are the same size, at the same

distance from the viewer which is not an ideal situation for most Augmented Re-

ality applications. In natural vision, objects are perceived in different focal planes

allowing the viewer to discriminate between objects at different distances (Haller

et al., 2006).
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2.1.1.2 Video see-through augmented reality

A way to overcome some of the problems with optic see-through is by using a

technique commonly referred to as video see-through AR, where a camera is placed

in front of the users’ eyes, see Figure 2.2. The captured camera image is then

projected to a small display in front of the users’ eyes (Azuma, 1997; Haller et al.,

2006; Kiyokawa, 2007) Gustafsson 2004). The virtual images are added to the

real image before it is presented in the display which solves the problem with

the semitransparent virtual images described above, as well as gives control over

where, in what focal plane, the virtual objects are placed.

Figure 2.2: A schematic view of a video see-through AR solution.

This in turn places other demands on the system. The video resolution of the

camera and display sets the limit for what the user perceives, however the cameras

and displays used today offer high resolution images. The main problem is not

resolution but rather that the field of view is very limited compared to natural

vision. Another issue is the eye offset; the cameras position is not exactly where

the eyes are located, which gives the user a somewhat distorted experience, since

the visual viewpoint is perceived to be where the camera is (Azuma, 1997). This

means that rather than perceiving something as being where it actually is, for

instance 20 cm from your hand, the user will experience the object as being 20

cm from where the camera is, thus grasping for the object in the wrong place.

This type of offset is something humans tend to adjust to fairly quickly however,
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as can be seen in Nilsson and Johansson (2006b, 2007). Even though humans are

able to adjust to the offset, the difference between the bodily perceived movement

and the visual movement as seen through the display can have effect on the user

experience of the system. This is the kind of visual effect that in some cases cause

motion sickness and nausea, what is also referred to as cybersickness (Stanney,

1995; Jones et al., 2004).

Despite these problems there are important vantage points with the video see-

through solution. One has already been pointed out - the ability to occlude real

objects. Another is that the application designer has complete control over the

presented image in real time since it is run through the computer before it is

presented to the user. In the optic see-through design, only the user will see the

final augmented image. To conclude; there is a trade-off between the optic see-

through systems and the camera based systems, and the available resources often

determine the choice of solution.

2.1.1.3 Visually based marker tracking

The previous section described the technical solutions used to present the visual

information to the user, but there are other important features included in MR

and AR systems. One of the most important issues when using AR technologies

is to solve the problem of how, and where, to place the virtual image, regardless

of display solution. In order to place the virtual information correctly, the AR

system needs to "know" where the user and user view point is. This means that

the system has to use some kind of tracking or registration of the surrounding

environment. This is what is referred to as "tracking", and this is in itself a major

research area with applicability to not only the MR domain but many other types

of systems as well.

There are different techniques to solving the tracking and registration problem,

and several of them can be combined to ensure more reliable tracking of the

environment. Usually different sensors are used to register the surrounding

environment and this information is then used as a basis for placing the virtual
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information (Azuma et al., 2001). One of the most commonly used techniques

today is vision based tracking, where the environment is prepared with markers

that can be recognized by feature tracking software (Kato and Billinghurst, 1999,

2004). Figure 2.3 shows an example of a marker that can be used for this purpose.

Figure 2.3: An example of a fiducial marker.

By tracking and identifying markers placed in the environment the position of

the camera in relation to the marker can be calculated, and hence the virtual

information can be placed in the display relative to the marker position (Kato and

Billinghurst, 1999).

When using a camera based AR system (video see-through AR) the visual tracker

is already there – the video camera. In optic see-through systems the tracker system

must be added, either in the shape of cameras for visual marker tracking or some

other kind of tracking devices.

2.1.2 Interacting with virtual information

Presenting virtual information in three dimensional space also means that the

user has to react to and interact with this information in that space. The way the

AR application is built defines how the user can give input to the system, and

the method of input can also affect the user experience of the system. Examples

of this type in input are tangible user interaction, multimodal input and mobile

interaction (Billinghurst et al., 2009). Despite the fact that AR is a relatively
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old field (dating back to Sutherland (1968)s first concepts) the focus of research

has been to achieve the visual merging of realities and not so much emphasis

has been placed on allowing the user to give input to the system (Billinghurst

et al., 2008, 2009). This has lead to applications where the user is a more or less

passive recipient of information with very limited ability to manipulate the virtual

content. As a result many applications developed which require user input has

used computer interaction tools such as keyboards or mouse interaction. Even

many of the new mobile phone AR games use buttons or the joypad as only (or

main) source of user input. This may limit the user user experience, and even

though many applications are advanced they may appear as very primitive to the

user. There are however some other alternatives to user input such as tangible

user interaction devices using for instance force feedback (Ishibashi et al., 2009)

or haptic interaction as developed in the SPIDAR platform (Sato, 2002). Another

input method used for AR is gestural input as described by Buchmann et al. (2004),

where tracking of the user’s finger tip movements makes it possible to interact with

virtual information through natural hand and finger movements. Another example

of tangible interaction is described in the Tangible AR concept (Billinghurst et al.,

2008), where each virtual object that is presented in an AR environment has a

physical, tangible counterpart that the user interacts with. The user can thus

interact naturally with a virtual object by manipulating a real, tangible object.

Other applications use multimodal input, for instance both the use of physical but-

tons as well as voice input (Nilsson and Johansson, 2007), or voice input alongside

with gestural input as described by among others Billinghurst (1998), Billinghurst

et al. (2009) and Livingston et al. (2005). Cheok et al. (2002) describe a game,

or what they refer to as a novel entertainment system, called Touch-Space, where

the users physical context affects the game, and the interaction is both social and

physical in the form of touching. In the game the user can collaborate with both

real and virtual objects using tangible interaction technology.
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2.1.3 Augmented Reality projects and applications

Mixed and Augmented Reality applications can be found in diverse domains,

such as medicine, military applications, entertainment and edutainment, distance

operation, geographic applications, technical support and industrial applications.

One of the earliest end user applications developed was the application described

by (Caudell and Mizell, 1992) where Boeing manufacture workers used AR

technology to receive instructions on how to draw the wiring of the aircraft.

Reitinger et al. (2005, 2006) describe an AR based tool for liver surgery planning,

where AR is combined with real time volume calculation in order to allow both

visual 3D perception and real 3D user interaction (a tracked panel and pencil).

Billinghurst et al. (2001) first described their edutainment application called

MagicBook in 2001 and in 2008 Grasset et al. (2008) describes the further

development and expands the concept by adding visual and auditory enhancements

to an already published book. The MagicBook concept is based on marker tracking

techniques in order to give life to a story, in where each page of the book pops out

to give a 3D representation of the story.

AR can also be used to augment cultural experiences or for creative learning

environments. Stapleton et al. (2005) and Hughes et al. (2004) describe how they

use AR for informal education, where they for instance augment different aspects

of a museum exhibition with virtual user experiences. This is an example of how

to use AR for visualisation of historic or natural events. AR can also be used for

visualisation of geographic data as described in the Tinmith project1 (Piekarski,

2006). AR prism is a geographic, scientific visualisation application which allows

users to overlay and interact with virtual 3D geographic information onto a real

map (Hedley et al., 2002). The interaction was based on physical markers and

tangible interaction techniques and the users, wearing HMDs stood around a map

and as they moved the marker across the map they saw a graphic overlay of

longitudes and latitudes. Additional markers allowed them to explore other types
1see www.tinmith.net for further information.
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of data, such as terrain models, related to each point in the real map. The users

could also lift and rotate the models and view them from different angles and pass

them around. The informal study conducted showed that the users liked that they

could see each other while at the same time seeing the virtual model and they felt

that this was close to face-to-face interaction.

AR can also be used to support distance operation (Milgram and Ballantyne,

1997). Piekarski and Thomas (2004) describe a framework where they combine

AR technology and CAD working planes to allow for action with virtual objects

both within the user’s reach, and with objects at a distance. The concept described

includes manipulation of 3D objects, display of virtual information and creation

of new geometry in order to support 3D modelling tasks in a mobile outdoor

environment. Another approach to distance operation or manipulation is described

by Lawson et al. (2002) where they use AR technology for telerobotic inspection

and characterisation of remote environments. They use a remote vehicle equipped

with a stereoscopic camera, which gives information to the human operator, who in

turn by using 3D virtual cursors can measure and model the environment displayed

in the images from the remote vehicle.

In the military domain there are several examples of using AR technology to

present information of different kinds. Livingston et al. (2002) and Julier et al.

(2000) describe BARS, a Battlefield Augmented Reality System, which was used

to provide users with the ability to select and get more information about objects

in their environment. Gustafsson et al. (2005) describe how AR can be used to give

instructions on how to perform maintenance on military aircraft. Using AR to give

instructions has also been done in other domains, for instance in manufacturing

as mentioned above (Caudell and Mizell, 1992), and to give instructions for object

assembly (Tang et al., 2003). The latter study reported that the AR instructions

actually improved the task performance compare to other means of instructions

and that AR is effective in reducing mental workload in these types of assembly

tasks.
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Besides the already mentioned research examples, there are other significant

projects involving several collaborating partners developing AR systems and

applications. The ARVIKA project is one of these collaboration projects with

participants from both academia and industry (Weidenhausen et al., 2003;

Friedrich, 2004). It was funded by the German ministry of education and research

and included sponsoring participants from Audi, Airbus, BMW, Zeiss, Daimler

Chrysler, Ford, Siemens and several more during 1999 and 2003. In this project

the focus was mainly on industrial applications of AR, developing AR applications

mainly for production and service in automotive and aerospace industry as well as

process and power plants etcetera. One of the main values of AR for industry in the

ARVIKA project was described as the possibility for AR to increase productivity

as the technology allows the presentation of virtual information, such as task

descriptions or instructions, directly in the users field of view, when and where

she/he actually needs them, and thus reducing the mental effort of matching

instructions from one medium or place to another.

Another project is the ARTESAS project, which was coordinated by Siemens, and

also funded by the German Ministry for Education and Research and supervised

by the DLR (German Aerospace Center). The main focus of the project was to

develop marker-less procedures for AR in complex industrial environments, with

consideration taken to ergonomic and usability questions2. Another project of

relevance to the field is AMIRE, an EU-funded project which existed between

2002 and 2004, and was continued in the shape of VIRTHUALIS after 2005. The

main goal of the project was to enable non-expert researchers to use MR for their

applications and to create and modify these MR applications with the support of

dedicated tools that allow an efficient authoring process for MR. Within the project

two demonstrators for different fields were developed, a museum application to

enhance the visitor experience and a training application for an oil refinery3.

Although these projects and many more involving research in the AR domain

include an end-user perspective, very few papers report on results of extensive end
2see www.artesas.de for further information.
3see www.amire.net for further information.

(    39    )



24 Chapter 2. Frame of reference

user studies or HCI evaluations (Livingston, 2005; Swan II and Gabbard, 2005).

Despite the potential of the technology, the research has still primarily focused on

prototypes in laboratories, mainly due to the constraints of the hardware currently

available to implement the systems (Livingston, 2005). This is also a reason

why there are so few end user studies of MR and AR techniques; the hardware

constraints also limit the human factor research in the area. Many HMD based

applications are still bulky and are not wireless which influences the ergonomic

design choices available. Still there have been user studies published, and the

results point in the same general direction; there are several usability problems

that are normally explained by hardware limitations, and despite these problems

users respond positively to the use of AR for several different applications, for

example see Bach and Scapin (2004), Haniff and Baber (2003) and Nilsson and

Johansson (2006b). However there are other issues than hardware that affects the

user experience of the AR system, and these issues may become easier to identify

when apparent hardware related issues (such as motion sickness, limited field of

view and the lack of depth perception etcetera) are solved.

2.1.4 Single and multi-user applications

There has been a focus on developing applications for single user tasks, especially

in the industrial domain, such as the early Boeing application where the AR system

was used to show the user how to draw the wires in the airplanes, or other similar

tasks such as for assembly tasks or other types of instructional tasks. In other

application areas where focus has been more on fun or education rather than

work related tasks the applications may be open for several users but the systems

are still designed for one - only one person can wear the same HMD and mobile

displays tend to be single user oriented as they are rather small and difficult to

view for more than one person at a time, thus requiring several AR systems with

the ability to interact. Applications may, however, have been multi-user oriented

such as educational applications for visualisation of scientific data (Schmalstieg
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et al., 1996) and the MagicBook (Billinghurst et al., 2001) where objects pop out

of the pages allowing 360 degrees views.

An issue with these applications is that they tend to be one-way communica-

tional (Billinghurst et al., 2009). That is the MagicBook will show the reader

different objects, but not necessarily allow the user to manipulate those objects.

The more scientific visualisation applications may allow the students to manipulate

the objects in simple ways such as rotation etc, but the base of the interaction is

a single user approach.

While single user applications are the most common, systems for multi-user

applications are not rare. Virtual environments seem to be a natural place for

computer supported collaborative work applications (Billinghurst and Kato, 1999)

and have been used as tools for training and simulating collaborative work, for

instance the CAVE system and the Virtual Workbench (Fuhrmann et al., 1997)

and the Studierstube projects (Szalavári et al., 1998; Schmalstieg et al., 1996) of

which several were developed with more than one user in mind. In this project the

users can see each other in the real world while at the same time manipulate and

view virtual objects. Shared Space is another interface which allows user to interact

with virtual objects while seated around the same table, seeing and communicating

with each other (Billinghurst et al., 1997; Billinghurst, 1999). This application was

a very simple game allowing complete novice users to collaborate in order to find

matching virtual objects, that when placed together triggered an animation.

Another example of technology used for collaborative work is an immersive

Virtual Reality (VR) training environment for emergency rescue workers (Li

et al., 2005). However users tend to prefer non- immersive applications for

collaboration (Kiyokawa et al., 2002; Billinghurst et al., 2002b). This means that

AR may be more suited for collaborative tasks than immersive systems like the

VR applications mentioned above (Kiyokawa et al., 2002; Billinghurst et al.,

2002b). Inkpen (1997) reported that users perform better if they are huddled

around one workstation, or computer, rather than being spread out, collaborating

on separate workstations. This is mainly due to the fact that being separate
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means that the collaborating people may not take notice of normal communication

cues that take place during face-to-face collaboration. However this may be true

for desktop applications, but not necessarily for other types of systems, such as

AR systems. Billinghurst and Kato (2002) compares affordances in relation to

both interaction and user viewpoints, between a face-to-face condition, AR and

projector screen condition and finds that the similarities between AR and face-

to-face are far greater than the similarities between face-to-face and the more

traditional desktop/workstation projector based condition. While the projector

based condition uses a public display and thus one common view point for the

user, the AR condition has individual displays and thus independent view points

much like a natural face-to-face situation. This means that the approach of using

single user display systems like AR for collaborative multi user applications still

is a viable option.

Regenbrecht and Wagner (2002) describe an AR application they call "MagicMeet-

ing" using head mounted displays with built in cameras, aiming at face to face

collaboration. In the application they combine ordinary desktop items, interactive

2D desktop screens integrated into a 3D environment. In the application the users

are seated around the same table with a 2D presentation screen and the "cake

platter", which is the main device for the shared 3D display. The main goal of

the system is to integrate 2D and 3D data into one shared environment. Other

similar approaches to collaborative work through AR are based on the idea of

teleconference systems and Billinghurst and Kato (1999) and Billinghurst et al.

(2002a) describe how AR can be used to support workers in mobile occupations.

Their system includes avatars and live video of remote collaborators, which can be

superimposed over any real location. In this way the remote collaborators would

appear as if they are in the same place.
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2.2 Shared views and common ground

for collaboration

Exercising command and control is an attempt to establish common intent to

achieve coordinated action (McCann and Pigeau, 2000). Successful communication

is obviously necessary to achieve this. When personnel from different organisations

work together under stress, as in many crisis situations, there is always a risk that

misunderstandings emerge due to differences in terminology or symbol use. These

situations are also dynamic, meaning that the problem is constantly changing, thus

requiring several actions or decisions in order to reach the goal (Brehmer, 1990).

Another significant aspect of these types of events is that the decisions must be

made in real time, and each actor must act in the present and cannot wait until he

or she has enough information. This type of activity can be compared with more

static situations, or scenarios, where a decision made is the starting point for a

chain of events rather than the response to a chain of events.

In projects where aspects such as collaboration, dynamic work flow and being able

to adapt to changing requirements are important, the technical solutions usually

aim at enhancing the ability to work and communicate about the tasks at hand. By

sharing the same view of situations, decision-makers are believed to be supported

in their effort of maintaining the current state of the joint activity. There are several

potential problem areas that have to be addressed for cooperation to be efficient

in an environment like this, such as training, cultural differences, organisational

practices and so forth. The design, based on the idea of a shared focus on a map,

is however easily recognised from "traditional" command centers and poses the

same difficulties as they always have. The essential difference lies in the idea that

decision makers from different branches and even organisations should cooperate in

the same environment, sharing the same map. In many system designs, it is often

assumed that merely providing a shared representation is enough to facilitate a

shared understanding of a situation when a team of decision makers work together.

However, linguists and psychologists have observed that in reality, meaning is

often negotiated or constructed jointly (Clark, 1996). Although providing the
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same view of a situation to two or more people is a good starting point for a

shared understanding, things like professional and cultural background, as well

as expectations formed by beliefs about the current situation, clearly shape the

individual interpretation of a situation. This means that for at least a foreseeable

future, problems concerning communication and negotiation will arise due to the

differences in background pointed out. The coupling between the use of language

and objects in a shared space is the initial obstacle that has to be overcome. As

noted in the previous section, virtual environments seem to be appropriate arenas

for collaborative applications (Billinghurst and Kato, 1999).

For any computer supported collaborative work (including AR applications) to be

successful it is important to develop new technology that is appropriate for real

world collaborative activities (Crabtree et al., 2005). However, users tend to prefer

non-immersive applications for collaboration (Kiyokawa et al., 2002; Billinghurst

et al., 2002b). This means that AR may be more suited for collaborative tasks than

immersive systems like the VR applications mentioned above (Kiyokawa et al.,

2002; Billinghurst et al., 2002b). A general problem with many computer supported

cooperative work systems is that they are often based on single user systems, rather

than being designed initially for collaboration and taking into account aspects of

collaborative work (Fjeld et al., 2002).

Kiyokawa et al. (2002); Billinghurst et al. (2002b) conducted an evaluation

comparing using AR to support collaborative work with how similar work is

conducted without AR. What they found was that their system did in fact

exceed the expected outcome and that AR is a promising tool for collaborative

work. However, few, if any, AR systems have actually been aimed for use in

crisis or emergency management situations which are examples of real world

situations where collaboration is essential. Emergency management often demand

collaboration between different organisations, not least at the command and

control level.

As noted, in linguistics it is common knowledge that time has to be spent on

establishing common ground, or a basis for communication, founded on personal
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expectations and assumptions between the persons communicating with each

other (Clark, 1996; Klein et al., 2005). Clark (1996) denotes the knowledge two or

more individuals have when entering a joint activity common ground.

Common ground is the least shared understanding of the activity that the

participants need to have in order to engage in a joint action with a higher goal than

creating common ground in itself. A simple example is person A throwing a ball

to person B. Unless person A’s intent is to throw the ball to person B, and person

B’s intent is to catch it, we can not call the action joint. The common ground

in this case is the shared understanding of the activity (catch-throw), and the

joint activity emerges from the intent of fulfilling these obligations. The essential

components of common ground are the following three (Clark, 1996, p.43):

(1) Initial common ground. The background knowledge, the assumptions and

beliefs that the participants presupposed when they entered the joint activity.

(2) Current state of the joint activity. This is what the participants presuppose to

be the state of the activity at the moment, and

(3) Public events so far. These are the events that the participants presuppose

have occurred in public leading up to the current state.

The maintaining of common ground is thus an ongoing process, which demands

both attention and coordination between the participants. Initial common ground

is maybe the most difficult part to bridge. It is composed by a number of

different attributes, like cultural background, gender, age, professional knowledge

etc. Establishing this between two participants with very different history will be

time consuming and effort demanding. The second component, current state of the

joint activity depends both on the participants’ initial common ground and on the

public events so far. Thus, according to Clark, using language means engaging in

a joint activity, which strives towards a shared goal with an established common

ground. It is not hard to see how this applies to collaborative work as well as

command and control work.

(    45    )



30 Chapter 2. Frame of reference

2.3 User centered development of systems

Humans have been interacting with technical devices and artefacts for centuries,

but despite this fact it is only in the last 60-70 years that human machine

interaction has become a field of research in its own right, under names such

as ergonomics and human factors. Henry Ford’s introduction of the production

assembly line in the early 1900’s is an example of how studies of man and machine

can lead to new solutions based on the capabilities of both humans and machines

(although the assembly line production may be claimed to be the product of

economics and productivity rather than ergonomics and human factors). When

the first computers began to be used by a general user population (that is, non

scientists) the need for studies of human factors in relation to technical systems

started to grow. Even before that, in the 50’s and 60’s the research field of cognitive

psychology began to take shape with the crossover of research from artificial

intelligence, linguistics, psychology and ergonomics (Stillings, 1995). The origin

of Human Computer Interaction, or HCI, as a research domain has often been

claimed to be in 1982 with the first general conference on "Human Factors in

Computer Systems".

Human Computer Interaction as a domain of research stems back to the 1970’s and

Hansen’s "Know thy user" approach to user engineering (Hansen, 1971). However,

the roots of HCI go back much further and can be found in the field of ergonomics,

which dates back to the beginning of the 20th century, where studies of workers in

factories and industries began to emerge. As a research field ergonomics, or human

factors as it is usually referred to in the US, has been around at least since the

1940’s (Dix et al., 2004; Nickerson and Landauer, 1997). According to Dix et al.

(2004), HCI "involves the design, implementation and evaluation of interactive

systems in the context of the user’s task and work", and in this definition all

types of computers should be included, both traditional desk top computers and

embedded, or ubiquitous, computers. The core concepts in all definitions of HCI

are people, computers and tasks, and the purpose of the research is to improve

aspects of usability and usefulness of technical systems (Nickerson and Landauer,
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1997). The dominating framework within HCI has been the information processing

view-point which originates from Broadbent’s view on cognition as a sequential

series of processes (Broadbent, 1958) and the view of the human as an information

processing unit. However this viewpoint has been challenged since the beginning

of HCI within frameworks such as Cognitive Systems Engineering, CSE (Hollnagel

and Woods, 1983) and distributed cognition (Suchman, 1987; Hutchins, 1995a), as

well as embodied interaction within the design research domain (Dourish, 2004).

2.3.1 Human Computer Interaction in theory

Landauer (1997) states that there are four main goals of HCI; evaluation or

comparison of existing systems or features in systems; invention or design of

new systems; discovering and testing relevant scientific principles and; establishing

guidelines and/or standards of HCI.

In general the theories within the HCI domain are of three main categories, of

which one include the explanatory theories, which aim at explaining the interaction

between human and computer. Second there are the predictive theories which often

aim at quantifying the interaction in order to predict it. Many of the predictive

theories precede the computer era and stem from basic research in ergonomics,

psychology and physiology, for example Fitts law, which dates back to 1954 (Fitts,

1954). Fitts law is a model of human movement and in HCI it is used to describe

speed in relation to object size, for instance designing for faster interaction by using

larger icons. Third there are theories constituting of taxonomies and models such

as GOMS (Goals, Operators, Methods, Selection rules), which are abstractions of

reality (Shneiderman, 1998). Several principles, standards and guidelines have been

developed to define the field of HCI. Among these the most widespread is possibly

Shneiderman’s 8 golden rules of interface design (Shneiderman, 1998), Norman’s

design principles (Norman, 1998) and Nielsen’s 10 usability heuristics (Nielsen,

1993). One assumption that has bound the different approaches in HCI together

has been the general idea that the human user can be analysed and seen as

a human, biological, version of a computing machine. The focus often lies on
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the interaction between a technological system and the human user operating

that system, often viewing the human as an input- output device much like the

computer (see Figure 2.4, (Card et al., 1983).

Figure 2.4: The human input-output machine.

In this model of human cognition, information enters the mind in various forms, is

then processed internally on several levels, and then the mind, or body, produces

a response. The processing can consist of comparing and matching and the results

are in form of reactions to what has been processed. This view is an example of

how basic research in psychology and human cognition has been expanded into

theories of how to design interfaces. For example, the information processing unit

that is the human mind is limited to handling memory chunks of "7 plus minus

2" (Miller, 1956), a fact that has been incorporated in most usability guidelines.

Other basic research findings that have been incorporated into HCI guidelines are

findings on visual perception such as the use of colour and grouping of similar

objects, the gestalt laws (Gazzaniga et al., 2004; Friedrich, 2000).

2.3.2 Usability engineering and evaluations

Usability Engineering is an attempt to improve usability aspects of a product

or system in a methodological, quantitative and structured way during its’

development process (Gould, 1988). Usually this is achieved by product evaluations

and testing during the development cycle, and the measurements used are in

general the measurements for HCI summarized by (Shneiderman, 1998). These

are the time it takes to learn, the speed of performance, error rates, retention over
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time and the subjective satisfaction (Dix et al., 2004). There are three typical

goals of evaluations; testing the systems functionality; rating the users’ experience

of the system; and identifying usability problems (Dix et al., 2004). These three

main categories of evaluation are usually described in terms of usability testing,

field studies and heuristic or analytical evaluation.

The main goal of a usability test is not to demonstrate or explain phenomena

but simply to find problems in the system that is being tested (Dumas and

Redish, 1999). In traditional usability testing methodology it is important that

the evaluator is in complete control over the environment and the course of the

tests, and the results should be quantifiable - that is, measuring performance is

interesting if the measures are quantifiable. Performance can be measured in for

instance time, amount of errors and type of errors, as previously mentioned. Field

studies differ from the usability tests in that the users are not placed in a laboratory

setting; instead they are preferably studied in their natural environment. The

analytical evaluations are for instance studies of how well a system complies with

usability guidelines such as the heuristics presented by Nielsen (1993). Usability

studies are often used to find usability problems in user interfaces (the first goal of

HCI as presented by Landauer (1997), see above) but there are problems with these

types of usability evaluations as reported by among others Hertzum and Jacobsen

(2003). In their study, Hertzum and Jacobsen reviewed 11 studies with these

methods, and the results showed that evaluators evaluating the same interface

with the same evaluation method detected a markedly different set of problems.

This is what is referred to as the evaluator effect and illustrates how subjective

these supposedly objective measures really can be.

There are other ways of assessing products, or systems usability, than the

quantitative usability test approaches. Among these are qualitative user studies

where observations and interviews are a vital part. These methods are often

used as part of participatory design and/or evaluation methods, in which both

expert evaluators and real end users are a part of the development and design

process (Schuler and Namioka, 1993; Muller and Kuhn, 1993). These methods are

often used as part of participatory design and/or evaluation methods, in which not
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only expert evaluators are used, but the user is also a vital part of the usable design

process Patton (2002); Schuler and Namioka (1993). The purpose of a usability

evaluation is to improve utility as well as usability of a product or system. In

iterative design processes the evaluation can be defined as a formative evaluation,

where the evaluation is an ongoing process that shapes and reshapes the product.

A summative usability evaluation is often done in the form of end user studies,

where researchers do follow-ups of the product and how it is actually used by the

end user.

The concept of usability engineering is still based on the HCI assumptions about

what constitutes usability in a product or system. Another issue that usability

methods such as cognitive task design (Hollnagel, 2003) have to deal with is the so

called "envisioned world problem" (Hollnagel and Woods, 1983, 2005; Dekker and

Hollnagel, 2004). Cognitive task design and other methods with similar approaches

are based on observations of how a user completes a task in which the system or

artefact is involved. The "envisioned world” problem states that even if a good

understanding of a task exists, the new design/tool will change the task, rendering

the first analysis invalid. When new technologies are introduced into a domain it

will affect the user and the task on both a practical and a social level. The process of

change requires knowledge, not only about the system introduced but also about

the domain. The technical system or interface which is introduced should have

as much positive effect on the user and her/his work as possible, while at the

same time minimizing the negative effects of the system both for the user and

other individuals. Fundamental usability awareness implies that the interface or

system should not be harmful or confusing to the user, but rather aid the user in

her/his tasks. However, traditional usability guidelines, such as the ones presented

by Nielsen (1993) or Shneiderman (1998) often do not include the context of use,

the surrounding and the effect the system or interface may have in this respect.
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2.3.3 Problems of human computer interaction and

usability engineering approaches

One problem with usability engineering and the more quantitative usability

evaluations and methods, is that they often deliver measurements of very specific

aspects of a user task and situation; measurements that aim more to satisfy the

usability specifications, rather than usability per se (Dix et al., 2004). An aspect

of usability that should not be forgotten (but often is) is the actual acceptance

of technology within the user community. A product or technology may get low

"scores" on usability testing with for example heuristics or laboratory experiments,

but can still be a popular user product. This has to do with the actual use

of the product, and illustrates the fallacies and problems with usability testing

in laboratory or research settings. Davis proposed the Technology Acceptance

Model (TAM) in 1986 to explain this phenomenon (Davis, 1986). TAM was

originally developed for understanding of the causal link between users acceptance

of personal computer based systems and external variables such as system design

features (Fenech, 1998). The model is an adaption of the Theory of Reasoned

Action which models user acceptance of information systems in general (Hubona

and Blanton, 1996).

Davis (1989, 1993) describes two important factors that influence the acceptance

of new technology, or rather information systems, in organisations. The perceived

usefulness of a system and the perceived ease of use both influence the attitude

towards the system, and hence the user behaviour when interacting with the

system, as well as the actual use of the system (see Figure 2.5).

Figure 2.5: The Technology Acceptance Model after Davis (1989).
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If the perceived usefulness of a system is considered high, the users can accept a

system that is perceived as less easy to use, than if the system is not perceived as

useful. For AR systems this means that even though the system may be awkward

or bulky, if the applications are good, i.e. useful, enough, the users will accept it.

Equally, if the AR system is not perceived useful, the AR system will not be used,

even though it may be light-weight, non-intrusive and very easy to use.

Davis (1989) defines the term "perceived usefulness" as "the degree to which

a person believes that using a particular system would enhance his or her job

performance". On the other hand, "perceived ease of use" is defined as "the

degree to which a person believes that using a particular system would be free

of effort". Usability testing methods often emphasizes the ease of use rather than

the usefulness of a product. But according to Davis (1993) perceived usefulness

is actually more important to users than the perceived ease of use, which means

that users will put up with a system that is not entirely easy to use or manage as

long as it pays off in terms of the goals the system allows them to achieve.

2.4 Systemic approaches to systems development

Traditional HCI is based on a scientific tradition of hypothesis testing to ensure

scientific validity of its claims by allowing repeatability of the results of usability

studies. However, the repeatability of studies involving human activity has been

seriously questioned by among others Simon (1956) as well as in the Soft

Systems Methodology paradigm (Checkland and Holwell, 1998). The foundation

of soft systems methodology is "learning from intervention in real-world problem

situations" (ibid) rather than classical hypothesis testing. According to Checkland

(1999) a systems approach is, much like a scientific approach, a meta discipline.

Studying something scientifically implies using a certain paradigm of methods that

are based on defined laws of nature. Studying something from a systems approach

means assuming that the world contains "structured wholes which can maintain

their identity under a certain range of conditions and which exhibit certain general
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principles of wholeness" (ibid). This mode of thinking is not new, for example,

already Carl von Linné divided plants and creatures in nature in a systemic fashion

based on their characteristics and properties in his "Systema naturae" from the

18th century. This is just one of many ways of approaching our surrounding world

systematically. Numerous ways of decomposing our surrounding world into system

components have been developed, all with their own specific purpose. When it

concerns information systems, the information processing approach has been, and

is, prevailing. From this perspective, a system (human, animal or machine) is

divided into a number of components that propagates or processes data. The

approach was developed by, among others, Shannon and Weaver (1949). This idea

had profound impact, not the least on the Macy conferences (Dupuy, 2000; Heims,

1991), and its long lasting effects on the theoretical foundation of cybernetics,

cognitive science, computer science and design cannot be ignored by anyone

working in these fields, although it is often forgotten in contemporary texts.

The most important consequence of the information processing paradigm is

probably that it has focused largely on structural descriptions focusing on what

something is rather than what it does. Although these two directions in many

respects are inseparable, the way of approaching a problem, or even defining what

the problem is, differs greatly. In "traditional" HCI, the interface and the user are

almost always seen as separate entities that exchange input and output. The focus

of design based on this approach has consequently been improving that interaction

as much as possible. Little thought is given to the task that is actually going to

be performed by the user when using the program/tool beyond the interface.

In contrast, a functional perspective would instead begin by asking what the

purpose(s) or goal(s) of the system is and what the pre-requisites for achieving

that goal(s) are.

based on observations of how a user completes a task in which the system

or artefact is involved, also have to deal with the so called "envisioned world

problem" (Woods and Roth, 1988; Hollnagel and Woods, 2005). The "envisioned

world" problem states that even if a good understanding of a task exists, the new

design/tool will change the task, rendering the first analysis invalid.
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have become clearer with the advent of new types of computer systems that are not

restricted to desktop computer applications. The most prominent system theories

which differ from the traditional HCI approaches are activity theory, theories of

situated cognition and the distributed cognition framework.

2.4.1 Activity theory

Activity theory has its roots in Soviet cultural (Marxist) psychology as defined and

described by foremost Vygotsky and later Leontiev (Vygotsky, 1978; Kaptelinin

and Nardi, 2006). Prior to the advent of activity theory human behaviour

had been explained primarily by behaviourist, psychoanalytical and cognitive

developmental psychology. Activity theory instead models human behaviour on

what can be observed of human action and the motives and conditions for this

action (Engeström et al., 1999). In this sense the theory is used to explain the use

of artefacts and how people both shape, and are shaped by, their cultural context

through the use of different artefacts (Kaptelinin and Nardi, 2006). Artefacts can

be of both physical nature, such as books and telephones, and of a more abstract

meaning, such as symbols and rules. The general aim of activity theory is to

explain human behaviour terms of activity which are described and modelled

hierarchically (Kuutti, 1996). The activity theory describes activity in relation

to three levels, of which the bottom level is the operational level where routine

activities belong, such as type writing. The next level includes more conscious

actions, such as the activity of determining what to type, and on the top level is

the activity, which is the overall goal of the action - perhaps writing a thesis, see

Figure 2.6.

When analyzing human behaviour, activities can be identified by the motives

behind them, and actions by their goals and on the lowest level operations by

the conditions necessary to reach the goals (Engeström, 1999; Engeström et al.,

1999). Activity is not an isolated phenomena and the context in which it takes place

should also be considered in the analysis, an approach shared by other perspectives

as can be seen below.
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Figure 2.6: The Activity Theory model (after Engeström (1999); Kuutti
(1996).

2.4.2 Situated cognition and distributed cognition

Ways of using knowledge or assumptions of human cognition was introduced by

for example Suchman (1987) (situated cognition) and Hutchins (1990, 1995b)

(distributed cognition). In these definitions of human cognition the context in

which the cognition takes place has an important role. The human is not an

isolated creature but is always a part of an environment, and the interaction

between the human, the environment and the artefacts s/he is using is equally

important for the experience of usability, see Figure 2.7. The human is thus part

of a system where cognition is not isolated in the mind but takes place throughout

the system, in the form of both internal and external cognition (Rogers, 2006). This

is also known as "distributed cognition" (Hutchins, 1995b; Norman, 1998; Hollan

et al., 2000). Key concepts within the distributed cognition framework are the

"cognitive system" and the "communicative pathways", which are the way in which

people communicate through the system i.e. phones, email etc; and "propagation

of representational states" which refers to how information is transformed across

different media such as maps, paper, human memory etcetera (Hutchins, 1995b).

Investigating a distributed cognitive system requires extensive ethnographic

studies that identify the distributed problem-solving tasks, the communication

networks, the verbal and non-verbal information transmissions and how knowledge
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Figure 2.7: The traditional view of internal cognition in comparison with
the distributed view of cognition.

is shared and accessed (Rogers, 2006). This approach has been used in many

different studies attempting to explain complex collaborative behaviour. One of

the most referred to studies is that of Hutchins (1995b) in where he studied

the navigation of a ship. In this study Hutchins focused on the communication

and how information flowed through the cognitive system. Other studies include

analyses of communication and collaborative work in cockpits (Hutchins, 1995a)

and underground control rooms (Garbis, 2002).

2.4.3 Cognitive systems engineering and the use of artefacts

Another theory questioning the traditional view of the human as a processing

unit is Cognitive Systems Engineering, CSE (Hollnagel and Woods, 1983, 2005).

The foundations of CSE can be found in ideas described in the field of cyber-

netics (Wiener, 1948; Ashby, 1956) rather than the activity theory framework.

Cybernetics is the origin of control theory and aims at studying and identifying

central aspects and characteristics of systems in order to find ways of improvement.

The central issue of interest in cybernetics is control and communication in the

animal and in the machine (Wiener, 1948). In approaching complex socio-technical

systems, the basis of CSE does not differ much from the soft systems methodology.

CSE is a systemic approach to control and variability, where a central unit of

analysis is Joint Cognitive Systems, JCS, which are systems that "can modify its

behaviour on the basis of experience so as to achieve specific anti-entropic ends",

page 22 in Hollnagel and Woods (2005). In more general terms this refers to the
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thermodynamic definition, meaning that all systems strive to minimise chaos while

trying to reach balance, or homeostasis.

Hollnagel and Woods (1983, 2005) suggested that a "cognitive system" should be

described in terms of functions rather than hypothetical structures of information

processing. By approaching the study of humans and machines from this perspec-

tive, CSE avoids the basic problems of detailed modelling of internal structures

and can focus on the performance of a controlling system in its context:

"Instead of viewing an MMS as decomposable by mechanistic

principles, CSE introduces the concept of a cognitive system: an

adaptive system which functions using knowledge about itself and

the environment in the planning and modification of actions."

(page 583 in Hollnagel and Woods (1983))

The foundation of the CSE approach is thus functional decomposition, using the

cybernetic concept of requisite variety (Ashby, 1956). By "requisite variety" Ashby

refers to the ability of a system to exercise control over another system. According

to him, a system can only control another system if it can present a higher degree

of variety than the system that it tries to control (only variety can destroy variety).

Another way of explaining the concept is that the "repertoire of performance" that

a system can present explains if he/she/it can control a situation. Constraints are

also put on the system by the environment, and everything that is beyond the

control of the system, but puts constraints on it, is considered to be a part of the

environment. The boundaries of a system can thus be defined from the components

ability to exercise control over another component, and vice versa from its inability

to do so (Hollnagel and Woods, 2005). Hollnagel and Woods uses the example of

traffic to illustrate the JCS concept, see Figure 2.8 .

A car and its driver are considered as a JCS. The driver-vehicle system can move

in itself, but its behaviour is constrained by the road (if we assume that it is a

normal two-wheel drive with a "sensible" driver). The road, and the traffic on it, is

in turn a part of the traffic infrastructure, which is constrained by the topography

in which it is located. Lastly, the weather will affect all of these parts and is also
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Figure 2.8: An example of a Joint Cognitive System in traffic
Renner and Johansson (2006).

completely beyond driver-vehicle control. There are thus a number of analytical

levels that the researcher can chose from depending on what the research focus is.

The important thing to remember is that any driver-vehicle system under study is

part of a larger context that shapes its behaviour. The same conclusion is valid for

any user-system configuration. Goals and variability takes place on several different

system levels, and will thus affect and be affected by other levels. Where to begin

and end the analysis must be judged both by the purpose of the investigation as

well as pragmatic aspects.

The traditional definition of cognition as something only human beings possess is

questioned in this approach. The idea of cognition as something not confined to

the human mind relates to the concept of "cognitive artefacts" (Norman, 1998;

Hutchins, 1999). Hutchins (1999) defines cognitive artefacts as "physical objects

made by humans for the purpose of aiding, enhancing, or improving cognition".

Depending on how an artefact is used it can be considered as a tool or as a

prosthesis (Hollnagel and Woods, 2005). A tool is something that enhances the

users’ ability to perform a task or solve problems. Prostheses are artefacts that

take over an already existing function. A wheelchair can, for someone with no legs,

be seen as prosthesis or a substitute for the lost legs. It can also be considered a
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tool for getting around faster in the world than by for example crawling or using

your arms, which would be the alternative for someone without legs. Yet another

example is the computer, which is a very general tool for expanding or enhancing

the human capabilities of computation and calculation, a tool for memory support

and problem solving. But the computer can also be used to not only enhance these

human capabilities but also to replace them when needed. A computer used for

automating the locks of the university buildings after a certain time at night has

replaced the human effort of keeping track of time and at the appropriate time

going around locking the doors.

As noted in the beginning of this chapter, other approaches to usability and HCI

often define the systems involved in a human computer interaction situation by

the structure of the system and not as in the CSE approach, by its function; "A

joint cognitive system is defined by its function (i.e. what it does) rather than by

its structure (i.e. what it is)" (Hollnagel and Woods, 2005). In the JCS approach

it is important to see the system as a whole and not isolate the parts from each

other. The JCS can be comprised of a human and a computer or a human, a

computer, a telephone and another human and so forth, where the human brings

in the "natural cognition" to the system and artefacts or technological systems

may have "artificial cognition". Woods and Hollnagel (2005) define a set of core

values in cognitive systems engineering; authenticity, abstraction, discovery and

participation. Authenticity is linked to the method of observing work in context,

and based on these observations theories and conclusions should be supported

by authentic samples of the system at work. Abstraction is the step between

the observed behaviour and the patterns that can be identified in the systems

variability. "The end of observation and abstraction is discovery" (Woods and

Hollnagel, 2005), page 6.

Instead of focusing on overcoming limits of the human-machine system, as is

the case in traditional HCI theory, CSE focuses on the abilities of the system

to support, adapt and maintain control (Woods and Hollnagel, 2005). The focus

of analysis is the ability to handle complexity and variability rather than the issue

of human versus technology.
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Another trait of a joint cognitive system is that it is not predictable, for instance

a computer display may be very ambiguous to a user and it is not always possible

to predict what interpretation the user will make of a button or control. A

fundamental aspect of the joint cognitive systems idea is that is based on control

and goal driven behaviour, and how the joint system works at maintaining control.

The purpose of maintaining control is in many regards a necessity to reach the goals

of the system. One important issue when discussing joint cognitive systems is the

system boundaries, and how to determine what parts the system is made of. The

boundaries between different parts of the joint cognitive system are not set, but

are dependent on the level of analysis. As described above, Renner and Johansson

(2006) use the example of a car and its driver to describe a joint cognitive system.

If the goal is to drive a car safely from point A to B, the driver vehicle system

must maintain control in relation to surrounding traffic, the road, and weather

circumstances, all sources of variability in the system. However the parts that

constitute the driver-vehicle system are only the parts that the system can control.

Since neither the driver nor the vehicle can control the weather, the weather is not

considered to be part of the joint cognitive system (Hollnagel and Woods, 2005).

2.5 Evaluating Augmented Reality systems

A long term goal of AR research is for AR systems to become fully usable

and user-friendly, and as noted by Livingston (2005) and Nilsson and Johansson

(2006b) there are problems addressing usability issues in MR and AR systems.

Research in AR including user studies usually involves quantifiable measures of

performance (e.g. task completion time and error rate) and rarely focuses on

more qualitative performance measures. Of course there are exceptions such as

described by Billinghurst et al. (2003) where users’ performance in collaborative

AR applications is evaluated by not only quantitative measures but also with

gesture analysis and language use. Another example is the method of domain

analysis and task focus with user profiles presented by Livingston et al. (2006). In

general there are few examples of MR specific usability criteria and maybe there

(    60    )



Chapter 2. Frame of reference 45

is no need for such criteria – the usability should instead be based on the task and

goals of the user in the actual context of use, and not based on the technicalities

of the system.

Augmented Reality (AR) is a technology that aims at merging the real and the

virtual world, and thereby enhancing, or augmenting, the user’s perception of

the surrounding environment in varying aspects, as the examples in chapter 2.1

illustrate. As mentioned previously, there is a wide range of AR applications in

many different domains. AR can be used in many different ways, not only to

increase productivity in an assembly process (although there may be such effects),

but also for the fun of it. However there is a lack of user focus in the development

and evaluation of AR systems and applications today. Current methods within

the field of human-computer interaction (HCI) are largely based on findings

from cognitive and perceptual theories, focusing on performance and quantitative

usability measures. An AR-system, or any other novel mode of interaction is likely

to receive poor results in an evaluation based on traditional HCI theories and

methods. Therefore, other ways of evaluating and measuring are more relevant. For

example, user experience in terms of enjoyment is a large part of user acceptance

of a product, deciding if it actually is going to be used or not. One important

motivation for this thesis is to describe how new technologies such as AR can be

evaluated from a holistic perspective, focusing on the subjective user experience

of the system.

Billinghurst (2008) mentions that there are in general three categories of user

studies of AR systems; perception studies, interaction studies and collaboration

studies. The perceptional studies focus primarily of how users react to and perceive

virtual information that is overlaid on the real world. The interaction focused

studies aim at describing how users interact with the virtual information and

how real world objects can be used for interaction. The collaboration studies

on the other hand are mainly interested in how AR can be used to enhance

collaboration, either face to face or remote (Billinghurst, 2008). The methods used

to study AR systems described in the existing literature have mainly been based

on usability methods used for graphical user interfaces, sometimes in combination
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with usability for VR applications (Bowman et al., 2002; Träskbäck et al., 2003;

Dünser et al., 2008). This approach has some complications since it is not based

on the experiences from actual AR systems users in actual contexts (Nilsson and

Johansson, 2006a, 2007). Usability criteria and heuristics that are considered to

be useful for designing new AR systems tend to be general, broad criteria, such

as the ones Nielsen presented in his list of usability heuristics in 1993 (Nilsson

and Johansson, 2006a; Dünser et al., 2008). However, there are few examples of

studies on how users actually perceive the system in actual use situations. During

the user studies in Nilsson and Johansson (2006b, 2007), users were asked about

their experience of the AR system, and none of them mentioned desktop or laptop

computers, or programs when describing what they were interacting through or

with. Instead, words like robot, video game and instructor were used to describe the

interaction. The AR system was thus perceived as introducing other properties to

interaction than "normal" desktop applications. This could hardly be attributed to

the content of the interaction (which mainly was simple instructions of operation),

but rather to the fact that the content was presented directly in the context of

use. This of course raised questions of how useful it really is to base design of AR

systems on desktop computer metaphors and usability criteria.

2.5.1 Viewing Mixed Reality systems as Joint Cognitive

Systems

The focus in many definitions of Mixed and Augmented Reality is the "merging

of worlds" but MR is also defined in terms of the technical hardware components

and software solutions used to accomplish this merging of real and virtual worlds.

There is also a focus on the interaction between the system and the user in MR

research (Mansoux et al., 2004). This type of separation between the human user

and the technical MR system illustrates a relationship with the traditional human

information processing theories of usability.

As mentioned previously, a joint cognitive system is defined as a system which

has the ability to change its behaviour in order to reach the purpose of the
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system (Hollnagel and Woods, 2005). A joint cognitive system usually consists

of one or more human beings and one or more technical artefacts. The system

is not defined as cognitive only because there is a human involved, rather it

is defined based upon the functions it has - cognitive functions in a system

makes it a cognitive system. For instance, memory and problem solving are a

cognitive functions and since computers have memory (not necessarily the same

type of memory as humans) and the ability to solve problems (albeit according

to pre-programmed rules), the computer can be seen as a technical system with

cognitive abilities, hence a cognitive system. An AR system (which usually includes

a computer) uses knowledge of the world to position virtual information; it

manipulates symbols and changes the information shown to the user in order

to reach the goals set by the user. From this perspective it would be appropriate

to define the AR system as an artefact (either a tool or prosthesis) and a human

user and the AR system as a joint cognitive system, see Figure 2.9.

Figure 2.9: Examples of different levels of boundaries in a Joint Cognitive
System (after Hollnagel and Woods 2005).

Figure 2.9 illustrates how a joint cognitive system can be defined on different

levels based on where the boundaries are drawn. On one level of analysis, where

the focus lies on how the software is integrated into the hardware for instance,

only the technical system is part of the analysis. In user testing situations where

the focus lies on finding flaws in the technical system, the user and AR system is

the level of analysis and constitute a joint cognitive system. Other aspects, such as

the social context are normally excluded in evaluations of technical and physical
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attributes of the AR system. In contextual user studies the users are a vital part of

the analysis, but they are not only influenced by the AR system; their behaviour

is also motivated by the physical surrounding as well as the social context. If the

level of analysis is organizational the joint cognitive system also includes the rules

and regulations that govern their everyday work, which in turn affects the use of

the AR system.

2.5.2 Choosing a perspective

When approaching usability issues related to a specific system there is a need

to define what theories are relevant and appropriate. In HCI there is a clear

emphasis on computer based systems as the future scenario but, as Landauer

(1997) comments, there is no certainty whatsoever that the computer based

systems of the future will be similar to the computer based systems of the past,

and there will most likely be new ways of interacting that do not resemble the

traditional keyboard and mouse. Voice interaction, haptic interaction and touch

screens are just a few of the interaction techniques readily available today. This

has changed the way people interact and work with computers and this should also

be reflected in the way that interaction is studied and analysed. The theories and

methods presented here are far from all theories and methods used within HCI

research today, but they provide a background to the studies conducted within this

thesis. HCI theories that focus too much on internal structures of cognition will

not give dependable information on how that system or interface will be received

by real end users. A focus on the context, situation and goal of the interaction

is needed to complete the user-system picture. This is where systemic approaches

such as the cognitive systems engineering approach, distributed cognition and

activity theory come in. They add a contextual dimension to usability research

which may aid and deepen the analysis of usability in the MR/AR system studied

in this thesis.

A holistic or systemic approach to usability implies a view on reality where reality

is made up of a set of components, or parts, that are interdependent on each
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other. The parts cannot simply be summed up; the whole is more than just the

sum of the parts. In the case of the AR system, the system is more than only

technical components, and the boundaries of the joint cognitive system have to be

defined and explained in relation to the specific situation and task, and not only

in respect to the physical boundaries of the technical components. Usability in AR

systems should be measured and evaluated in the same way, with consideration

to the specific situation and user, and the usefulness of the system may be more

important to measure than the ease of use.
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Chapter 3

Research approach and methods

To investigate the user experience of Mixed/Augmented Reality (MR/AR), four

user studies have been conducted, all based on the foundation of the cognitive

systems engineering (CSE) perspective which advocates real users solving real

problems in real world contexts (Hollnagel and Woods, 1983, 2005; Woods

and Roth, 1988). There are some major differences between qualitative and

quantitative research approaches, where the purpose of quantitative research is

generalisation, prediction and causal explanations, while qualitative research aims

at contextualising, interpreting and understanding the perspectives of the actors.

While some researchers in social science view these approaches as incompatible

(c.f. Lincoln and Guba (1985)) there are others who claim that quantitative

and qualitative research approaches can be combined (c.f. Patton (1990); Crotty

(1998); O’Leary (2004)). The research in this thesis is an example of a combination

of the approaches where qualitative aspects, such as contextualisation, search

for patterns and descriptives, are used alongside more quantitative data of end

user studies and experimentation. The main focus of the analysis has been on

subjective user experiences working in their regular environment, rather than

objective performance measurements collected in laboratory settings. In this sense

the method of the studies is influenced by the idea of naturalistic studies, striving

for ecological validity of the results (Farrington-Darby et al., 2006).

51
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The AR applications developed during the process of this thesis work, were of

two different types. The first three user studies (presented in Chapter 4) address

single user applications for instructional tasks, and the final application (presented

in Chapter 5) is of a more complex, collaborative multi-user application for a

dynamic command and control task. These different types of applications demand

different things both in terms of development process and evaluation. The first two

applications were instructional tasks in the health care domain. Technical devices

have been an integral part of modern medicine for a long time, whether dealing

with simple thermometers to measure body temperature or complex surgical

equipment. The way hospital staff and personnel receive instructions on how to use

these technological devices differ between regions, departments and individuals but

in all cases some kind of instructions must be given the first time personnel need to

operate the equipment. In many cases there is a shortage of staff and instructions

to beginners is not always prioritised despite the fact that a personal instruction

with trained and experienced personnel would be beneficial. One way to approach

the issue of instructions is by letting new personnel watch instructional videos, or

read manuals in order to understand how to use new equipment. However there

are of course drawbacks with these approaches, since there is little flexibility in

these methods. One way to present instructions in a more interactive, and perhaps

intuitive, way is to use an AR system, where the instructions can be shown in real

time in the real context of the task (sharing some qualities with the instructions

from a co-worker). In the first two studies of the thesis the participants were

instructed, through the AR system, how to perform specific tasks. Using AR to

give a user instructions on how to perform a task or assemble an object has been

done before which can be seen in studies like the one presented by Tang et al.

(2003) and in the ARVIKA project (Friedrich, 2004) presented in the previous

chapter.

The multi-user collaborative application used a slightly different approach, taking

advantage from both the experiences of the previous single user applications and

from the field of computer supported cooperative work. The end user task of

this application is different from the previous instructional tasks for the health
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care personnel. The focus of the multi-user application is on collaboration rather

than individual completion of tasks. In the study the AR system was used to

facilitate establishing a common ground between participants from three different

civil service organisations, working jointly in a real time operation.

3.1 Iterative design process

The development of the AR applications used in the studies, was iterative and

involved end users throughout the entire design process. An iterative design model

based on CSE was used as illustrated in Figure 3.1.

Figure 3.1: A general schematic view of the design and development process
used in the included studies.

Application and users. The most basic assumption made in this model is that

the application needs to support the users in realistic tasks. This means that

all symbols and information presented to the user of the system must be in

adjusted to fit the intended user group. This is part of the constraints and

functional requirements that need to be identified in the beginning of the

process. The development of a product is always limited to the technological

resources available, i.e the technological options in Figure 3.1. In this project the

technical system used for the applications was an Augmented Reality system with
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a video see-through solution. The procedures, or matching rules, are what

informs the developer on how to combine the technology available, or chosen, with

the requirements of the user group and context. In the case of the studies included

in this thesis this part was done through discussions with representatives from the

user groups. This, in combination with previous research in the area was the basis

for the next step, where the design is specified in greater detail, i.e the design

specifications in Figure 3.1.

The design is of course not only based on the chosen requirements but also on

an underlying concept or idea about design in the project, i.e the design basis

as seen in Figure 3.1. As mentioned previously the general concepts in this thesis

are strongly influenced by the cognitive systems engineering approach in where

the main principle is to focus on the goals of the joint user and AR system. For

example in the singe user studies the main goals of user-system is to prepare

medical equipment for operation. In the case of the multi-user study the main

goal is to facilitate the creation of a common situational picture.

The design specification stage is part of the iteration cycle, where in the case

of the multi-user study presented in chapter 5, the results from the first user

focus group and follow-up communication was used to define symbols, objects and

interaction solutions. In the single user studies this part of the iteration were the

discussions with our user representative who guided the content of the instructions.

In the second iteration the results from the first evaluation session was used to

define new design specifications.

The next phase of the process was the actual prototype building, and these

iteration phases are also described in full detail in chapters 4 and 5. After the

final design iteration the Augmented Reality System was implemented and

evaluated through a full scale user study.

The user task in the single user applications were iteratively designed and the

instructions received through the AR system in the first three studies were

developed in cooperation with an experienced operating room nurse at the hospital

in a pre-study. The instructions were given as statements and questions that had
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to be confirmed or denied via the input device, in this case a numeric keypad with

only three active buttons – "yes", "no", and "go to next step".

The multi-user study, included a pre-design phase where field experts from the

three different organisations (the fire and rescue services, the police department

and the helicopter platoon in the local area) took part in a brainstorming session.

This session was used to establish the parameters of the AR system based on what

the problematic issues in this type of operational work is and what technological

tools could be of use, and how technology could solve some of the problematic

issues. Apart from the theoretical problem formulation the brainstorming session

was also used to define the components of the software interface, such as what type

of symbols to use, and what type of information is important and relevant in the

task of creating common ground between the three participating organisations.

Based on an analysis of the brainstorming session a first design was implemented.

This design was evaluated using a scenario in which the participants, one from

each of the three organisations, had to interact and work together as they would

in a real situation. The exercise was observed and the participants also answered

questionnaires pertaining to the AR system design, and finally a focus group

discussion was held. As a result of this design evaluation the system was redesigned

and this redesign was later evaluated through a second study consisting of a focus

group discussion and observation of the users interacting with the redesigned

system while performing simple tasks. The final system design was then later used

in a user study in which the methodology was inspired by other related fields, such

as command and control research. In line with the naturalistic approach a realistic

scenario was created and simulated using a micro-world normally used to train

for, and evaluate collaborative work (Johansson et al., 2007; Trnka et al., 2006;

Lindgren and Smith, 2006; Trnka et al., 2008). The study was also partly based on

a qualitative observational method that focuses on user feedback and naturalistic

settings (Nilsson and Johansson, 2006b, 2008).
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3.2 End user studies and evaluations

In theory, user studies are common practise in product development, and

preferably the usability studies should be included as early as possible in the

design development. In this thesis a basic AR system was already developed, so

the main focus was to adapt it and create realistic end user applications.

3.2.1 Evaluation of systems and products

Scriven (1991, 1997) describes two main types of evaluation; formative and

summative. Formative evaluation has the purpose of affecting the object of

evaluation and is often conducted during development of a program or product.

Summative evaluation is where the evaluation does not affect the object directly,

but is conducted after the product or program is completed. Taking an example

from usability studies of technical systems, a formative evaluation can be part

of an iterative design process, where the results of the usability evaluation lead

to redesign. Summative evaluation is the assessment done when the product has

reached the end users. The users will have opinions and ideas about the usability of

the specific product they are using but it does not affect the implementation of the

product, at least not until the critique reaches the designers and is incorporated

into the design process of the next generation or version of the product.

The role of the evaluator differs depending on the character of the evaluation;

in a summative evaluation the evaluator is expected to give "objective" input on

whether the program or product development should continue, change direction or

be terminated. In a formative evaluation on the other hand, the evaluator has to

work closely with the people responsible for the program or product development,

but still be able to relate to the program or product and the people representing

it (Jerkedal, 2005). Cronholm and Goldkuhl (2003) describe how information

systems can be evaluated both as systems in themselves, without regard to the

user, and as systems in use, using three different strategies of evaluation; goal-

based evaluation, goal-free evaluation and criteria-based evaluation. Goal-based
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evaluation is driven by explicit goals, goal free evaluation does not use any

specific goals, but instead aims at a deeper understanding where the evaluator

is not influenced and directed by predefined goals. Criteria-based evaluation uses

a defined set of criteria such as check-lists or heuristics, which are general and not

as specific as goals.

The aim of a goal driven evaluation should be that the results of the evaluation

are utilised; otherwise there is no point in doing the evaluation in the first

place (Jerkedal, 2005). A utilisation focused evaluation is basically used as a

tool for finding possible ways to improve the object of the evaluation. The focus

is on the users and the intended use of the product, program or other object

under evaluation. This is a pragmatic approach to evaluation, where the emphasis

is on the goal and purpose of the evaluation. The results of the evaluation

should be directly usable to the intended users of the product in its intended

environment, and not general, non-specific results aimed at potential users in

potential situations (Patton, 1997). Utilisation focused evaluation can be both

summative and formative, however Patton (1997) argues that the users (which

can be the end users of a product, but perhaps more likely, the developers of the

product) must be involved in the evaluation process, and understand it, in order

to use the results of it. This indicates that formative utilisation focused evaluation

may be more useful than summative for the purpose of evaluating usability during

product development. Cousins and Earl (1992) discuss participatory evaluation as

an extension of utilisation focused evaluation and participatory evaluation has, as

noted before, been a vital part of usability focused design for some time.

The evaluations conducted in this thesis are of several types, as they are part of an

ongoing process during development, so they are both formative and summative

in that the results of a first design iteration inform a redesign of the system. In

general the type of evaluation used is the utilisation focused evaluation, where the

end users both are part of defining and designing the application as well of the

evaluation of the application (although not necessarily the same individual users

in both parts of the process).
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3.2.2 Simulation and scenario for the collaborative

Augmented Reality application

While the single user studies in this thesis were focused on a none to complex,

sequence of instructions, the multi-user study included a more complex set of

tasks and addressed a different type of action. It was conducted with the purpose

of evaluating the AR system and application design in order to improve it as

a tool for collaboration between organisations. In the single user studies it was

rather easy to conduct the studies in near real life situations, as the real life

situations where the user receives instructions is a fairly neutral and quiet setting

(any operating room, or preparation room in the hospital). Receiving instructions

on how to perform a task in the hospital is usually not done in the midst of any

time critical and intense events, but rather done in between other tasks. This made

it easy to conduct the study in a setting where the users would normally perform

such a task.

In the fourth study, where the domain was collaborative command and control

involving different organisations working in a more complex and demanding

context the situation was very different. For obvious reasons, it was not possible

to conduct experiments in real fire fighting situations. Instead, to create a

realistic study, we used a scenario where the groups had to collaborate, distribute

resources and plan actions in response to a simulated situation. In the scenario

the participants act as they would as on-scene commanders in their respective

organisation. 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.

Scenarios are descriptions of reality, where the aim is to recreate a natural context

for participants in a study, in where they recognise both the content and events

occurring (Klein, 1985). Creating a scenario is done by identifying and defining

the actions, events and general content of a situation that is to be simulated. In

the fourth study this process was done in the pre-design phase, where discussions

with representatives from both the end more operative end user group and other

administrative parts of the organisation took part.
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3.3 Data collection methods used in the studies

One of the objectives of the studies in this thesis is to apply a systemic, holistic

approach to development and evaluation of user experience in relation to AR use

in the specific context of the target user groups. In order to get reliable data

that describes the user experience of the AR applications developed within the

cope of this thesis, data was collected by means of observations, interviews and

questionnaires. In developing the applications and tasks it was important that the

participants in the studies were prospective real end users of the applications.

As previously mentioned, the area chosen for the first three applications was

technical support in a medical context, more precisely - the AR application aimed

at providing an alternative to costly training and instruction procedures that take

place when new staff is introduced to technical devices used during surgery. In order

to achieve realism in the task and the instructions, the applications were developed

in close cooperation with a nurse who could give insights into what specific

aspects of the instructions were important. The second application area for the

AR system, as described in the fourth study, was as technical support to facilitate

collaboration between personnel from different organisations. This application was

developed using an iterative design approach involving real end users throughout

the entire process as described previously. As noted above the first three studies

were conducted on site at a hospital, and the fourth study in a simulated command

and control room environment at a helicopter base. The studies had an explorative

approach, and as such the data was collected mainly through questionnaires, short

interviews, observations and video recordings. The qualitative data was analysed

by identifying themes of relevance to the user experience, and the quantitative

data was explored and described through statistical analysis. Certain issues were

targeted in the interviews and questionnaires (as can be seen in the appendices),

and some of the responses from the participants were relatively different in content

as well as coverage.
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3.3.1 Questionnaires

Questionnaires are a form of query research in which the main idea is that in order

to find out what people, or users, think about a subject or interface - simply ask

them. The interview may be a more flexible query technique, but the questionnaire

is somewhat easier to administer and analyse (Dix et al., 2004; Karat, 1988). There

are different types of questions that can be included in a questionnaire; general

demographic questions about the respondent; open-ended questions which leave

room for the respondents own words and opinions and; scalar questions where a

user is asked to rate a specific statement on some kind of scale, often numeric such

as the Likert scale (Likert, 1932). Other types of questionnaires include multiple

choice questions and questions where the respondents are asked to rank options in

a list. A general problem with questionnaires is that the questions are inflexible,

and that the phrasing of the question is very important since the administrator of

the questionnaire usually is not available for clarifications should there be a need

for this during the form filling (Dix et al., 2004).

Another issue that can affect the result of a questionnaire is the way questions

and statements are presented and formulated. One bias in a questionnaire, as well

as in an interview, can occur if the questions or statements imply an expected

response. This can be done by for instance asking negative or positive questions or

posing negative or positive statements. For instance a statement can be phrased

"this system was easy to use" or "this system was difficult to use" as compared

to "this system was not easy to use" or "this system was not difficult to use".

By randomising the way the questions are formulated (as negative or positive

statements or questions) this risk may be reduced. However it will still be difficult,

or even impossible to determine if the responses given are true due to a range of

error sources (Strickler, 1999). The first issue is of course if the respondent answers

truthfully - perhaps the respondent actually does not know how to answer the

question but still answers, or perhaps the response does not reflect the true feelings

or thinking of the respondent. Even though the respondent answers truthfully,

there is always the issue of how the question or statement has been interpreted

(    76    )



Chapter 3. Research approach and methods 61

by the respondent. Usually this problem can be addressed by validating the

questionnaire before distributing it. That is, making sure that the question is

phrased in a way so that several different people interpret the question in the

same manner.

3.3.2 Interviews

Interviews can be conducted for various reasons and have very different approaches.

The four main categories of interviews are unstructured (open-ended), structured,

semi-structured and group interviews, often referred to as focus groups (Patton,

2002). In unstructured interviews the interviewer asks open questions which allows

the respondent to elaborate in any direction. This method results in a lot of

data, which can be very time consuming to analyse. Another problem with

unstructured interviews is that they are impossible to replicate - they are much like

conversations, where one discussion thread leads to the next. In comparison to the

unstructured interviews, structured interviews are easier to replicate in that the

questions are set beforehand, and the respondent is often given a set of alternatives

to chose from as answers, much like the questions in a questionnaire. These types of

interviews are useful when there is a specified purpose with the interview, which

is often the case in user tests aiming to find flaws in an interface for example.

The semi-structured interview on the other hand will not have answer alternatives

for the respondent to choose from. Instead the questions are predetermined but

the respondent is left to answer freely, like in an unstructured interview. The

group interview is what is usually referred to as a focus group and these are

similar to open discussions on a predefined set of topics, but they can also be

more structured. The general purpose of a focus group is to allow people to relate

to subjects in a social setting. Being surrounded by other people may help the

focus group participants express their opinion in a more relaxed situation than

in a one-to-one interview situation (Kvale, 1997; Morgan, 1998). However there is

also the opposite effect; that the respondents are unwilling to share their thoughts

with strangers (Rubin and Rubin, 1995).
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One of the most crucial aspects of using interviews for data collection is the choice

of questions, and also how they are composed, so that they do not influence

the response in any way. The interviewer must also be cautious of how the

question is asked, as this can affect how the question is interpreted. Analysing

interview data can be problematic in terms of time and bias. A common method of

interview data analysis includes transcribing, re-reading, and categorising (Rubin

and Rubin, 1995; Miles and Huberman, 1994; Kvale, 1997; Silverman, 1993). For

semi-structured interviews the themes of the answers are usually defined by the

questions asked, which simplifies the analysis.

3.3.3 Observations

In usability focused research, using observations means watching and listening to

users perform tasks or interact with interfaces, either in their natural setting, i.e.

naturalistic observations, or in a more controlled environment such as a labora-

tory (Goodwin, 1995; Dewalt and Dewalt, 2002). Observations can be documented

either through video or voice recordings or through note taking (Hackos and

Redish, 1998). Observational methods emerged from the field of ethnography

where the main goal of the observation is to describe a culture or a group of

people (Dewalt and Dewalt, 2002; Fetterman, 2008). Ethnographic field studies

are normally conducted over a long period of time, sometimes as long as up to

several years. In these field studies the researcher completely immerses in the

studied culture to get complete insight (Agar, 1996). Observation as a method

was also an important part of early psychological studies of people when the

field of psychology took the step from introspection and philosophy towards more

scientific approaches. Observations of people in laboratory settings, with controlled

environments, were used to study behaviour (Wilkinson, 2000). The problem with

these studies were of course that people placed in laboratory settings and controlled

environments often do not display the same behaviours as they would in their

natural surroundings (ibid). Taking a different approach the field of naturalistic

observation developed, where the goal was to observe people in their natural
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environments rather than in artificial surroundings as "social work should be

studied in it’s natural state" (Hammersly and Atkinson, 1995).

When studying people as users of technology observations can be used but are

usually not of the length and depth that ethnography demands. Hutchins (1995b),

however, used a long term participant observation during his studies of ship

navigation. This type of observation clearly relies more on the ethnographic

approach than the psychological laboratory approach to observation. There are

several issues of concern when using observation as a tool for data collection. One

issue is that of the external focus, the observer sees only what happens externally,

not internally in people. Another constraint is that there is a selection process of

what events are actually being observed (Patton, 2002). The observer’s role is very

significant, since it is this person who will choose what to observe and how to do it.

Problems can arise in that the observer is not an objective and neutral part, but

brings a perspective on what is observed. What is observed can be just as much of

a reflection on the observer and his/her theoretical and cultural expectations as a

reflection on what is actually going on (Kvale, 1989). Observational data can be a

main data source in some research, like social or psychological studies of human

interactions and conversations for instance (see for instance Heath and Hindmarsh

(2002), or the data can be used mainly as a way to support integration of social

and organisational elements into an analysis (see for instance Farrington-Darby

and Wilson (2009)). The observations used in this thesis are however of a more

superficial nature, where the users were filmed while completing their tasks, or

while collaborating. In analysing the observational data the aim was to focus on

specific issues of how the participants interacted with and through the AR system.

The observation was therefore not ethnographic in any sense other than the fact

that the users performed the task in their natural environments (or close to natural

settings) and not at a research lab.
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3.4 Analysis of data in the studies

Both qualitative and quantitative data was collected in the user studies. The

quantitative data was explored with descriptive statistics and analysed to find

correlations and differences of interest with regard to the research questions.

There are many ways of approaching qualitative data, and there is not always a

methodological tool to analyse data in the same manner that quantitative data can

be approached through very clearly formulated techniques like statistical methods.

There are however methodological orientations which the researcher can use as a

starting point (Heath and Hindmarsh, 2002). Miles and Huberman (1994) describe

an approach based on a classic hermeneutic cycle of data collection, reduction,

display and conclusions, see Figure 3.2. This cycle is most commonly used when

dealing with qualitative data such as the results from the open responses in the

interviews and questionnaires, as well as the observational data gathered during

the user studies.

Figure 3.2: The research cycle according to Miles and Huberman (1994).

Data reduction can be done in several steps, first in the case of observations

and interviews there is the issue of transcribing the data. This process can

be time consuming and tedious and often the researcher has to choose a level

of transcription suited for the purpose. In studies of conversational patterns

or linguistic analyses the transcription must be very detailed. However, in the

case of semi-structured interviews for the purpose of product evaluation the

details of language use is not the main interest and therefore there is no need

to transcribe every pause and utterance. Deciding at what level of detail to
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transcribe the observations is somewhat similar. To reduce the observational data

the researcher can choose to focus on specific patterns or types of behaviour. Jordan

and Henderson (1995) describe interaction analysis of video data, which is

an in-depth micro analysis of how people interact. The distributed cognition

framework is another approach to video analysis where the researcher focuses

on the communication within the studied system (as described in the theoretical

background above). For the studies included in this thesis, the distributed

cognition reduction method is the one that comes closest to mind (Artman and

Waern, 1999). The observation and interview data was studied with focus on the

interaction between the participants and the AR system, but most importantly the

interaction through the AR system with the actual user task. In the third study

attention was also given to the interaction between the participants.

A different approach is that of grounded theory in which the focus of analysis

is not predefined, instead the researcher seeks the theory during the analysis

process (Strauss and Corbin, 1998). The main idea is to identify and define

appropriate categories and then use these as the basis for constructing a theory.

The categorisation of data is what is called coding(regardless if it is a grounded

theory analysis or other), where the data is tagged according to different

themes (Strauss and Corbin, 1998). The analysis method of grounded theory is

in this way empirically driven rather than theory driven. The responses in the

interviews as well as the open-ended questions in the questionnaires used for the

studies in this thesis were coded by tagging and grouping into themes similar to

the method of open coding described by Strauss and Corbin (1998) and Glaser

and Strauss (1967). Thus the empirical findings informed the categorisation and

evaluation of data rather than a hypothesis or underlying theory.

The usability of research findings can be expressed in terms of validity and

reliability, which addresses to what extent the results are possible to replicate

and generalise or transfer to other settings. Ensuring validity in a study, or

experimental set-up, means making sure that what is actually measured is what

was intended to be measured. For instance if the aim of the study is to find out if

brushing teeth helps prevent cavities, what should be measured is the relationship
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between teeth brushing and the occurrence of cavities, and not the relationship

between intake of food and cavities. However the study must also be conducted,

and described, in a manner that allows other researchers to replicate the study, and

(hopefully) attain the same results. For most qualitative studies, the likelihood of

another researcher conducting the same study coming up with exactly the same

results is not very high, as qualitative studies per se are more subjective than

quantitative studies. This makes documenting and reporting the methodology used

all the more important.

For research results to be interesting in general it is also important that the results

are possible to generalise to a larger population than only the subjects involved

in the study (external validity). This demand is however difficult to reach when

conducting research with few participants, which is often the case in studies based

on ethnographic tools, such as interviews and observation. This is not unique to

qualitative research; even in larger scale quantitative studies with large samples

it is still difficult to draw general conclusions of the results applicability to other

groups. Closely related to the concept of external validity is that of ecological

validity which deals with the relation between the study and the real-life situation

that is being studied. In order to have ecological validity the setting of the study,

as well as the methods and artefacts etcetera used, must approximate the real life

context (Shadish et al., 2002).

Regarding the validity of the included studies the main issue is that they have been

conducted in order to find results pertaining to the usability and more importantly,

the end user experience of the AR system applications. The evaluations in this

thesis have not been conducted in order to find general user guidelines for AR

system design or evaluation, as noted before. An underlying assumption in this

thesis is that generalisations in the shape of user guidelines are not of a huge

interest in relation to AR systems, as they will be so general that they are more

commonsensical than practically useful. Or as Lincoln and Guba (1985) phrase it:

"The trouble with generalisations is that they do not apply to particulars."
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3.5 Instruments used in the studies

The questionnaires used in this thesis were a combination of the first three types

described above; they included general questions to establish user background,

and had open-ended questions similar to the interview questions in the first study

(see appendices). In the second, third and fourth study the open questions were

complemented with a section of closed response questions with scalar responses.

However in the case of these studies, the questionnaires were not distributed in

a wide group of people, but directly in connection with the actual user study,

hence the evaluator was present which offered the opportunity to clarify any

concerns about the questions asked. Other issues that must be considered when

designing a questionnaire is for instance the choice and format of the scale. In

the questionnaires used in these studies the scale was a 6 point Likert scale as

opposed to the standard 5 or 7 points. The reason for this is that by using an even

numbered scale it is less likely that the responses are completely neutral, i.e. 3 on

the 5 or 4 on the 7 point scale. In the case of these user studies the intent was to

avoid neutral responses as they would not result in useful information for redesign

issues of the evaluated system.

In the studies included in this thesis the users were observed while using the AR

system. The goal of the observations was partly to triangulate the responses in

the questionnaires and partly to see the users’ behaviour and movements while

wearing the AR system and completing the tasks at hand. The observations in

the studies were thus not a main data source, however they were an important

complement to the more structured, subjective data. In this way the observational

material was used to clarify results from the other data sources. During the multi-

user study structured observation protocols were used to document any events of

interest in relation to the research themes.

For the purpose of the first study in this thesis a semi-structured interview

technique was used, where the respondents all were asked the same set of

questions. The interview questions can be found in appendix I. The interviews were

transcribed and the answers collected according to themes found in the material.
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In the second study presented in this thesis descriptive statistics were used, where

the data was quantified and presented in tables and figures with average scores and

distribution. The results from the closed response section in the questionnaires of

the second and third studies were described and analysed statistically. The closed

response questionnaire results have mainly been used to clarify the more qualitative

data gathered through the open ended questions and observations.

In the multi-user study the questionnaire data was analysed statistically and

the structured group discussions were used to expand on several issues in

the questionnaires, allowing the participants to discuss these issues with each

other. The main aim behind these focused group discussions was to capture the

participants attitudes and experiences of the study and application in an open

forum.

In order to create a dynamic scenario and realistic responses and reactions to

the participants decisions in the final study, we used a gaming simulator, C3

Fire (Granlund, 2001). C3 Fire is a micro world in where individuals work together

as a team to put out computer-simulated fires. Micro worlds in general are

artificially created environments used to simulate different aspects of the real

world (Brehmer and Dörner, 1993). The C3 Fire micro world used in the fourth

study is described more detail in chapter 5.

Table 3.1 gives an overview of the user studies presented in the following chapters.

(    84    )



Chapter 3. Research approach and methods 69

Table 3.1: A summary of the studies presented in the thesis.
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Chapter 4

Single user studies

To investigate user acceptance and attitude toward AR technology in single user

context, two user studies were conducted where the participants were observed

using an AR system, receiving instructions on how to interact with an electro-

surgical generator (ESG) in the first study, and in the second study to assemble a

relatively small surgical instrument, the troakar.

The basic problem for both applications was how to give instructions on equipment

both to new users, and to users who only use the equipment at rare occasions.

Normally a trained professional nurse would give these instructions but this kind

of person-to-person instruction is time consuming and if there is a way to free up

the time of these professional instructors this would be valuable in the health care

organisation. The AR applications were therefore accordingly aimed at simulating

human personal instructions. It is also important to note that the aim of these

studies was not to compare AR instructions with either personal instructions

or paper manuals in quantitative measures, not was the focus on speed of task

completion or other quantifiable values. The focus was instead on user experience

and whether or not AR applications such as the ones developed for these studies

could be part of the every day technology used at work places like the hospital in

the studies. The first study of the ESG was exploratory and focused primarily on

qualitative data such as the open ended questionnaires and observations. In the

71
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following studies of the troakar application, the data collection was expanded to

also include included closed response questions.

4.1 Iterative design of the application tasks

An important aspect of the studies was user involvement throughout the entire

process of design, development and evaluation of the applications. Therefore the

instructional applications described below were all developed in close cooperation

with end user representatives. In both applications, the ESG and the troakar,

the first step of development was an observation of how instructions are given

today in these domains. After observing and recording an experienced nurse as

she gave instructions on how to use the medical device, the AR instructions were

constructed in a similar structure and sequence. After a first version of the AR

instructions was implemented in the system, the nurse giving the instructions had

the opportunity to give feedback and corrections to the implementation. This input

then informed the next iteration of instructions in the application.

The design of the system was iteratively refined throughout the different applica-

tions. The results from the first user study with the ESG application informed the

redesign of the AR system which was used in the second end user study application.

The second user study application focused of instructions on how to assemble a

troakar, and these instructions were iteratively developed in the same manner as

the ESG instructions. The troakar is considerably smaller and does not give any

feedback to the user in terms of lights or blinking numbers like the ESG. Instead

the instrument was delivered in parts and needed to be assembled according to

the given instructions. The troakar instructions were studied twice with different

user groups, the first study included professional end users at a hospital while the

second troakar study involved "future professional users", i.e. students in medical

school, in training to becoming nurses. The second troakar study also investigated

the effect of receiving both visual and audio-based instructions.
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4.2 Study 1 - the electro-surgical generator

The aim of the first study was to investigate user experience and acceptance of an

AR system in an instructional application for an electro-surgical generator (ESG).

The ESG is a tool that is used for electrocautery during many types of surgical

procedures. In general electrocautery is a physical therapy for deep heating of

tissues with a high frequency electrical current. The ESG used in this study is used

for mono- or bipolar cutting and coagulating during invasive medical procedures,

see Figure 4.1. When using this device it is very important to follow the procedure

correctly as failing to do so could injure the patient. Part of the operator’s task

is to set the correct values for the current passing through the device, but most

important is the preceding check up of the patient before using the tool. For

instance, the patient cannot have any piercings or any other metal devices on or

in the body, should not be pregnant, and most importantly, the areas around the

patient must be dry as water near electrical current can cause burn injuries.

Figure 4.1: An electro-surgical generator with markers for marker tracking.

4.2.1 Methodology

The study took place on site at a regional hospital. After the participants had

been introduced to the project they were interviewed about their experience and

attitudes both towards new technology and instructions for use. Then they were

observed using the AR system, receiving instructions on how to perform their task.

After the task was completed they filled out a questionnaire about the experience.

The interviews, as well as the observation were recorded. During the task, the
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participants´ view through the video-see-through AR system was also logged with

a digital video camera.

4.2.2 Participants

Eight participants, ages between 30 to 60, all employed at the hospital, participated

in the study. Four of them had previous experience with the ESG, and four did

not. All of the participants had experience with other advanced technology in their

daily work.

4.2.3 Equipment

The AR system hardware part, which can be seen in Figure 4.2, included a tablet

computer (Fujitsu Siemens Lifebook T with 1GHz Intel¨Pentium¨ M, 0.99GB

RAM), a helmet mounted display (Sony Glasstron) with a fire wire camera

attached, see Figure 4.2. A numpad was used for the interaction with the user.

The AR system used a hybrid tracking technology based on marker tracking;

ARToolKit, (available for download at www.hitl.washington.edu/artoolkit), AR-

ToolKit Plus (Schmalstieg, 2005) and ARTag (Fiala, 2005). The software includes

an integrated set of software tools such as software for camera image capture,

fiducial marker detection, computer graphics software and also software developed

specifically for AR-application scenarios Gustafsson et al. (2005).

Figure 4.2: The helmet-mounted AR system.

The users were given instructions on how to activate (and prepare for operation)

an electro surgical generator, or diathermy apparatus, the ERBE ICC-350a with
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associated instruments and electrodes. In general an ESG is used for cauterisation

and cutting by deep heating of tissues with a high frequency electrical current. The

ERBE ICC 350a can be used for mono- or bipolar cutting and coagulating during

invasive medical procedures. The image in figure 4.1 also shows the placement of

the markers.

4.2.4 The user task

The instructions received through the AR system were developed in cooperation

with an experienced operating room nurse at the hospital in a pre study. After

observing and recording the nurse as she gave instructions on how to use the ESG,

the AR instructions were constructed in the same manner. The instructions were

given as statements and questions that had to be confirmed or denied via the input

device, in this case a num pad with only three active buttons – "yes", "no", and

"go to next step". An example of the instructions from the participants’ field of

view can be seen in Figure 4.3 and a participant using the AR system to complete

the task in Figure 4.4 .

Figure 4.3: The participant’s view of the AR instructions.

Data was collected both through observation and open ended response question-

naires. The questionnaire consisted of questions related to overall impression of

the AR system, experienced difficulties, experienced positive aspects, what they

would change in the system and whether it is possible to compare receiving AR

instructions to receiving instructions from a teacher.
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Figure 4.4: A participant working with the AR system.

4.2.5 Data analysis

The results of the study were documented by observations of the users, but mainly

through interview questions before the task and a questionnaire after the task.

The interview questions consisted mainly of demographic questions regarding

the participant’s backgrounds and attitudes towards new technology, while the

questionnaire targeted their experience of the AR system and task. The results

were analysed with a qualitative approach, meaning that the responses were

organised around certain recurring themes, and the results are described below.

4.2.6 Results

It was found that all participants but one (out of eight) could solve the task at

hand without any other help than by the instructions given in the AR system. In

general the interviewed responded that they preferred personal instructions from

an experienced user, sometimes in combination with short, written instructions,

but also that they appreciated the objective instructions given by the AR system.

The problems users reported on related both to the instructions given by the AR

system and to the AR technology, such as problems with a bulky helmet etc.
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Despite the reported problems, the users were positive towards AR systems as a

technology and as a tool for instructions in this setting.

All of the respondents work with computers on a day to day basis and are

accustomed to traditional MS Windowsa based graphical user interfaces but they

saw no similarities with the MR system. Instead one respondent even compared

the experience to having a personal instructor guiding through the steps:

"It would be if as if someone was standing next to me and

pointing and then... but it’s easier maybe, at the same time

it was just one small step at a time. Not that much at once."

(participant 1) 1.

Even though the participants stated that they normally do not mind working with

many different technological devices on a daily basis occasions that cause problems

occurs. For example when rarely using equipment – it is not easy to remember how

it works if a long time passes in between use:

"I think that especially on this apparatus there are a lot of details

that we get information about and then we forget it because

we don’t use it for a while and then you need to be updated if

you have to deal with something, otherwise you don’t use the

apparatus to its full potential." (participant 3)

Generally, the respondents are satisfied with the instructions they have received

on how to use technology in their work. One problem with receiving instructions

from colleagues and other staff members is however that the instructions are not

objective, but more of "this is what I usually do". The only objective, or neutral,

instructions available are the manual or technical documentation and reading

this is time consuming and often not a priority. When asked about the general

impression of the AR system one respondent answered:

"...totally clear, it wasn’t any – this is how I usually do it and it

usually works fine. Really clear..." (participant 6)
1All quotes have been are translated from Swedish to English by the author.
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One important feature of the personal instruction situation is the interactivity –

it is important to be able to ask questions or return to instructions, or adjust the

pace. A majority of the participants stated that they prefer instructions from an

experienced user, which allows interactivity.

The participants were also asked about in what situations or for what purpose they

think an AR system could be useful, if in any. Two of them mentioned medically

invasive procedures such as laparoscopy. Several of the participants responded that

AR systems could probably be used in any situation where instructions are needed,

such as in education or for guiding users on how to use technical equipment. The

video based observation illustrated that the physical appearance of the AR system

probably affected the way the participants performed the task. Since the display

was mounted on a helmet there were some issues regarding the placement of the

display in from of the users’ eyes, so they spent some time adjusting it in the

beginning of the trial. However since the system was head mounted it left the

hands free for interaction with the ESG and the numpad used for answering the

questions when responding to the instructions.

4.2.7 Discussion of the results

Even though receiving instructions from colleagues and coworkers may be the

preferred method of introducing new technology, this approach does have a

problematic issue as pointed out by one of the respondents above. The issue is

that the instructions are not complete or neutral, but more of "this is what I

usually do". Although this method is probably effective there is always a risk of

misguided instruction, and the only alternatives to this type of personal instruction

are the manual or technical documentation. Reading manuals or watching tutorial

videos may be a way to ensure that all available information is provided, however

the chance of undermanned hospital staff sitting down for a prolonged period of

time to watch videos or reading manuals is not very high. One possible way to

solve this issue is by using AR technology; the instructions will be the same every
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time much like the paper manual, but rather than being simply a paper manual

AR is experienced as something more, like a virtual instructor.

As noted above, there were some ergonomic issues with the AR system and these

issues most likely affected the experience of both the task and the system. The

observations during the study made it clear that although the helmet-mounted

display left the hands free for interaction, it would be a considerable gain to interact

through some other means than the numpad, as the user sometimes need both

hands for the interaction with the ESG. As a result of the study, the AR system

has been redesigned to better fit the ergonomic needs of this user group. Among the

changes made are a different HMD and a voice input modality which is described

in the next study. Changes have also been made to the instructions and the way

they are presented which is illustrated by the next study.

4.3 Study 2 - the troakar

The second study is a follow-up of study 1, but with a slightly different application

and new participants. The AR system was also equipped with voice interaction

capabilities which was a considerable change done as a result of the previous user

study of the ESG instructions. In the first study the instructions were aimed at

starting up an electrical device, in the following study the application was changed

in order to investigate the AR systems potential for use in a different type of

instruction. The instrument in focus in this study was a troakar, see Figure 4.5.

As in the previous study this application development was inspired by the real

tasks in the organisation – this is also an instrument which is often used and

needs to be handled with care, and as such more experienced personnel usually

instruct new personnel how to put it together and use it.
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Figure 4.5: A troakar as the one used in the study,
the insert shows the different parts.

4.3.1 Methodology

The participants were first introduced to the AR system. When the head mounted

display (HMD) and headset was appropriately adjusted they were told to follow

the instructions given by the system to assemble the device they had in front of

them. After the task was completed the participants filled out a questionnaire

about the experience. The participants were recorded with a digital video camera

when they assembled the troakar. During the task, the participants’ view through

the video see-through AR system was also logged on digital video. As in study 1,

data was collected both through direct observation and through questionnaires.

4.3.2 Participants

Twelve professional (ages between 35 and 60) operating room (OR) nurses and

surgeons at a hospital took part in the study. The participants all had some

knowledge about the object of assembly (a troakar, see Figure 4.5), although not

all of them had actually assembled one prior to this study. A majority of the

participants stated that they have an interest in new technology, and that they

interact with computers regularly, however a majority of them had very limited

experience of video games and 3D graphics.
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4.3.3 Equipment

The AR system was upgraded and redesigned after study 1 was completed (see

figure 6). It includes a Sony Glasstron Head Mounted Display (HMD) and an off

the shelf headset with earphones and a microphone. The AR system runs on a

Dell Inspiron 9400 laptop with a 2.00 GHz Intel¨Corea 2 CPU, 2.00 GB RAM

and a NVIDIA GeForce 7900 graphics card. The AR system uses the same hybrid

tracking technology based on marker tracking as described in the previous study.

The marker used can be seen in Figure 4.6.

Figure 4.6: The marker used for the troakar study.

One significant difference between the redesigned AR system and the AR system

used in study 1 is the use of voice input instead of key pressing. The voice input

was given through a standard, off the shelf headset, as can be seen in Figure 4.7.

The voice input is received through the headset microphone and is interpreted by

a simple voice recognition application based on Microsoft’s Speech API (SAPI).

Basic commands are OK, Yes, No, Backward, Forward, and Reset.

The software in the AR system is based on a C++ code, but is structured to allow

general use, meaning that applications can be built and implemented from an

XML-file. Tags in the XML file determine the actions of the AR system when the

camera identifies a fiducial marker. For example, one tag of particular importance

for this application is structured to allow several sequential texts, animations
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Figure 4.7: A participant working with the troakar using
voice input to the AR system.

etcetera to be triggered by the same marker in a predetermined order. This

sequence also allows the user to stay in control of the instructions. In the specific

application tested in the study, the participants interacted with the AR system

with voice commands, triggering the system to continue to the next instruction.

Observation equipment

The user study was recorded with a digital video camera to allow later observation

of the participants’ interactions with the object of assembly as well as their spoken

interaction with the system. The video see through display activities were also

recorded with a digital recorder, and these recordings allow observations of errors

during assembly as well as time records of the task.

4.3.4 User task

The object the participants were given instructions on how to assemble was

a common medical device, a troakar (see Figure 4.5). A troakar is used as

a "gateway" into a patient during minimal invasive surgeries. The troakar is
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relatively small and consists of seven separate parts which have to be correctly

assembled for it to function properly as a lock preventing blood and gas from

leaking out of the patient’s body. The troakar was too small to have several

different markers attached to each part. Markers attached to the object (as the

ones in the ESG study) would also not be realistic considering the type of object

and its usage – it needs to be kept sterile and clean of other materials. Instead the

marker was mounted on a small ring with adjustable size which the participants

wore on their index finger, see Figure 4.6 and Figure 4.8, where the user is wearing

the marker on her left index finger.

Instructions and voice input

Instructions on how to put together a troakar are not formalized; instead they are

normally given by more experienced operating room nurses. To establish realism

the instructions designed for the AR application were based on the instructions

given by an OR nurse at a hospital. The OR nurse was interviewed, observed and

video recorded while giving instructions and assembling a troakar. The video was

the basis for the sequence of instructions and animations given to the participants

in the study. An example of the instructions and animation can be seen in

Figure 4.8.

Figure 4.8: An example of the instructions as seen by a participant
(rough translation - "screw on the smallest cap").

Before receiving the assembly instructions the participants were given a short

introduction to the commands they can use during the task; "OK" to continue

to the next step, and "back" or "backwards" to repeat previous steps. These
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commands are part of the Logic10 sequence described above. The voice input

is received through the headset microphone and is interpreted by a simple voice

recognition application based on Microsoft’s Speech API (SAPI). Basic commands

are OK, Yes, No, Backward, Forward, and Reset. Figure 4.7 shows a participant

using the AR system while working with the troakar task.

4.3.5 Data analysis

Observations and questionnaires formed the basis for a qualitative analysis.

The questionnaire consisted of a set of closed questions where the participants

responded on a 6 point Likert scale. In total the questionnaire included 17 closed

questions of which the first 3 were demo-graphical in nature (prior technological

experience, interest in technology and computer use). The remaining 14 questions

focused on the user experience with statements where the user could check a box

between "completely agree" to "completely disagree". The statements included

topics such as learning time, understanding of instructions, ability to assemble

new objects, the clumsiness of the system, experiences of nausea, experienced

control and difficulty of use as well as fun to use. Three questions of particular

interest for the study was whether or not the users would be prepared to use an

AR system for similar tasks in their work, and in other situations than work, and

if it was fun to use. Figure 4.9 below shows an example statement (all statements

can be found in the questionnaire appendices).

Figure 4.9: An example statement from the questionnaire.

The second part or the questionnaire included 10 open questions where the

participants could answer freely on their experience of the AR system. The

questions related to overall impression of the AR system, experienced difficulties,

experienced positive aspects, what they would change in the system and whether
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it is possible to compare receiving AR instructions to receiving instructions from

a teacher.

For the analysis of the first part of the questionnaire, the 6 point scale all responses

was transformed so that 6 was used as the most positive answer for the AR system

(e.g. the user for instance completely agrees that the system was fun to use, or

completely disagrees that the system was clumsy to use) and 1 was the most

negative. The open ended questions are discussed below in themes found in the

data, relating to the different issues raised in the questions.

4.3.6 Results

This section is divided into two parts, first the results of the closed part of the

questionnaire are presented and then the results of the open ended questions and

observations.

Closed response questions

The results from the closed part of the questionnaire can be seen in Table 4.1

below.

As can be seen in the table, the scores in general are on the upper part of the scale.

The lowest score can be found in question 9, where the users responded to whether

they would prefer to receive instructions from a teacher or tutor. It is perhaps no

surprise that in general the participants would prefer human to human interaction

to interacting with a technical system. The question that received the highest

scores was a question regarding general ergonomics – none of the participants

responded that they experienced any discomfort during the use of the system.

The lowest grade was a 5, which shows that no one agreed to the statement of

having experienced any discomfort. The questions most related to the general aim

of this paper related to whether or not the participants would like to use this

system in their profession, see question 6 in Table 4.1.

Looking more closely at the data, one participant, scored a 1 and thus definitely

does not want to use this kind of system in their work, while four others scored
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Table 4.1: Statements in the closed response questionnaire.

6 – definitely do want to use this kind of system in their work. One participant,

who would like to use the AR system at work, did however not find it fun to

use and completely disagreed with the statement that the system was fun to use

(questionnaire item 13 in Table 4.1).

Overall the participants did find the system fun to use, the average score was 4.50

and seven of the twelve participants gave the score five or six.

Open ended response questions

The open ended questions were transcribed and are reported here as a brief

summary under separate themes. They are discussed in relation to observations

made during the study as well as during analysis of the video recorded material.
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Marker problems

Many of the participants commented on the marker as being problematic. The

problems arise when the marker is obscured in one way or another (mostly due

to movements of the hand) and the AR system looses contact with the marker

and then when the marker is identified the last viewed instruction is repeated.

That this is problematic is illustrated by the video data, which shows how the

participants move their hands to get the marker in clear view. This may affect

the perceived ease of use of the AR system and contribute to the experienced

clumsiness of it.

Multimodality

Concerning the multimodal aspects of the instructions, receiving both aural and

visual instruction seemed to increase the perceived ease of use of the system:

"The voice control + text and image. You just can’t do wrong."

(participant 2)

However it also confused one of the users answering the question of there was

anything that s/he experienced as troublesome:

"...to both listen and look, hard to see what part to use."

(participant 11)

Instructions

A majority (eight) of the participants experienced the instructions as clear and

easy to follow:

"Simple, compared to if you by reading text are trying to obtain

the same information."(participant 4)

"Easy to understand the instruction. Easy to use." (participant

3)

The quote by participant 3 illustrates the relation between good design of

instructions and the overall impression of the system. Overall the participants
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seemed to cope well with working through the AR system, and most of them

found the system fun to use (as also can be seen in question 13 in the closed

questionnaire). The idea of a system being fun to use is a positive factor when

introducing new technology into a work place. As noted above, when users of a

system find it entertaining, they may be able to cope with more complex and

more difficult systems. However, it still must be perceived useful for their task, or

it becomes redundant.

Comparing the AR system to other systems

All of the respondents work with computers on a day to day basis and are

accustomed to traditional MS Windowsa based graphical user interfaces but

they saw no similarities with the AR system. Consistent with the findings in a

previous study (Nilsson and Johansson, 2006b), most of the respondents referred

to interacting with or through a computer when asked what the interaction felt like.

Most of them (nine out of the twelve, or 75 percent) did not find any comparison

at all, but the few that did, did not mention other computer aided instructional

systems, but instead laparoscopic surgery, and computer games. The respondents

are usually introduced to new technology and equipment through more experienced

staff, or sometimes by the company selling the product. One problem with receiving

instructions from colleagues and other staff members are that the instructions are

not "objective", but more of "this is what I usually do. The only "objective"

instructions available are the manual or technical documentation and reading this

is time consuming and often not a priority. When asked about the possibility to

compare the AR system with receiving instructions from a teacher one response

was this:

"What you can be sure about with this system is that everyone

has gotten the exact same information." (participant 4)

Ergonomic issues

None of the open ended questions were specifically about the placement of the

marker, but the marker was mentioned by half of the participants as either

troublesome or not functional in this application:
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"It would have been nice to not have to think about the marker."

(participant 7)

Concerning the dual modality function in the AR instructions (instructions given

both aurally and visually) one respondent commented on this as a positive

factor in the system. But another participant instead considered the multimedial

presentation as being confusing:

"I get a bit confused by the voice and the images. I think it’s

harder than it maybe is" (participant 9)

Issues of parallax and depth perception is not a problem unique to this AR

application. It is a commonly known problem for any video-see-through system

where the cameras angle are somewhat distorted from the angle of the users’ eyes,

causing a parallax vision, i.e. the user will see her/his hands at on position but this

position does not correspond to actual position of the hand. Only one participant

mentioned problems related to this issue:

"The depth was missing." (participant 7)

The instructions

A majority among the participants (eight, or 67 percent) gave positive remarks

on the instructions and presentation of instructions. One issue raised by two

participants was the possibility to ask questions. The issue of feedback and the

possibility to ask questions are also connected to the issue of the system being more

or less comparable to human tutoring. It was in relation this question that most

responses concerning the possibility to ask questions, and the lack of feedback

were raised. The question of whether or not it is possible to compare receiving

instructions from the AR system with receiving instructions from a human did

get an overall positive response. Four of the twelve participants gave a clear yes

answer and five gave more unclear answers like:

"Rather a complement; for repetition. Better? Teacher/tutor/in-

structor is not always available – then when a device is used

rarely – very good." (participant 1).
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Several of the respondents in the Yes category actually stated that the AR

system was better than instructions from a teacher, because the instructions were

"objective" in the sense that everyone will get exactly the same information. When

asked about their impressions of the AR system, a majority of the participants

gave very positive responses:

"Very interesting concept. Easy to understand the instructions.

Easy to use." (participant 3)

Others had more concerns:

"So and so, a bit tricky." (participant 6).

One question specifically targeted the attitude towards using AR in their future

professional life and all participants responded positively to this question.

4.3.7 Discussion of the results

The differences within the group, and the fact that there are only twelve

participants, make it difficult to draw any general conclusions from the results of

the responses, but the individual comments are nonetheless relevant to the further

development of the AR system. All users in this study were able to complete the

task with the aid of AR instructions. The responses in the questionnaire were

diverse in content but a few topics were raised by several respondents and several

themes could be identified across the answers of the participants. Issues, problems

or comments that were raised by more than one participant have been the focus

of the analysis.

4.4 Study 3 - the second troakar study

One major difference between the ESG instructional application and the first

troakar application was, apart from the apparent physical design of the AR system,
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the added auditory dimension of the system. In order to investigate the perceived

differences between the first type of visual only application and second type of

instructional application that includes verbal instructions, a third end user study

was conducted. While the first troakar study is a direct follow up of the ESG

study, this, the second troakar study, is a direct follow up in order to investigate

the results of the first troakar study. In this study the AR application was evaluated

by a slightly different user group, namely university students all in nursing school,

i.e. future professional end users.

The main goal of this study was to evaluate the effects of multi-medial information

presentation in an AR system. The specific aim of the study was to find out

whether AR instructions given both aurally and visually to the participants are

more effective than AR instructions presented only visually to the user.

4.4.1 Methodology

The user study was conducted at a nursing school and the participants were

observed using the MR system, receiving instructions on how to assemble a troakar

(described above). Two independent variables were constructed in the study;

first the "sound condition" where the users received instructions both aurally,

through headphones, and visually, both text and animation; secondly the "no

sound" condition, where the users received only visual instructions in the shape

of text and animation. As in the previous troakar study the participants were

first introduced to the AR system. When the head mounted display (HMD) and

headset was appropriately adjusted they were told to follow the instructions given

by the system to assemble the device they had in front of them. After the task

was completed the participants filled out a questionnaire about the experience.

The participants were recorded with a digital video camera when they assembled

the troakar. During the task, the participants’ view through the video-see-through

MR system was also logged on digital video.
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4.4.2 Participants

34 users took part in the study, all of whom were students at the medical faculty in

training to become nurses. All participants were between 20 and 30 years old and

had no prior knowledge or experience of the object of assembly used in the study.

A majority of the participants stated that they have an interest in new technology,

and that they interact with computers regularly, however a majority of them had

very limited experience of video games and 3D graphics. The participants were

randomly assigned to one of the two conditions; 15 in the "no sound" condition

and 17 in the "sound" condition. Originally the groups were of equal size but

the recording and logging of two trials failed so the data was not complete and

therefore removed from the sample.

4.4.3 Equipment

The AR system (seen in Figure 4.10), as well as the observation equipment used

in this study was the same as described in the previous study.

Figure 4.10: A participant wearing the AR system with voice
input functionality during the second troakar study.
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4.4.4 The end user task

The users in this study were asked to perform the same task as described in the

previous study. Figure 4.11 below shows an example of what the participants in

the study could see.

Figure 4.11: An example of instructions as seen by the participant
("screw together with the cylindrical part").

4.4.5 Data analysis

Data was collected both through observation and through questionnaires. The

questionnaire responses were described and analysed statistically. The observation

data resulted in data on frequent errors, task completion time and general

interaction with, and through the AR system. The questionnaires included a set

of closed questions where the participants responded on a 6 point Likert scale (the

same questionnaire as used in the previous troakar study) and a set of ten open

questions. As mentioned above, the statements included topics such as learning

time, understanding of instructions, ability to assemble new objects, the clumsiness

of the system, experience of nausea, experience of control, difficulty of use as well

as fun to use. The questionnaires were analysed in the same manner as in the first

troakar study with the difference that there were two groups in this study allowing

a comparison of the sound conditions.
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4.4.6 Results

In this section the results of the study are described, first the results of the closed

questionnaire responses, and secondly the responses in the open questions.

The closed response questions

Table 4.2 shows the overall scores in the questionnaires. None of the participants

had any major difficulties with the assembly of the troakar. However a few of them

did miss one instruction and were forced to step backwards in the instruction to

complete the task.

Table 4.2: Overall scores on the questionnaire

There was no significant difference in completion times or overall scoring of the

system as can be seen in Table 4.3.
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Table 4.3: Overall score and completion time.

Sound No Sound ttest
Average score (max 84). 68.35 64.27 p=0.47
Average completion time 3min 25s 3min 10s p=0.33

Table 4.4: Difference in statement responses.

Statement ttest
2. The text was difficult to read due to color or size p=0.072
5. I felt in control of the system p=0.086
6.I would like to use this kind of system to get instructions in my work p=0,027
8. I feel confident that the system is giving me correct instructions p=0,122
10.This system is clumsy to use p=0.027

The overall score did not show any difference between the two conditions but in

specific questions there were some differences, as can be seen in Table 4.4. As

expected, the participants in the sound condition (participants given both aural

and visual instructions) tended to rate the system more positively although both

groups did give the system overall high scores. Significant differences at the 0.05

level (using Bonferroni post hoc tests) were found were found on statements 6 and

10 and tendencies (p= 0.1) were found in statements 2, 5 and 8 as can be seen in

the table.

The results of the closed questionnaire indicate that there are differences between

the two groups. As can be seen in in Table 4.4 there are significant differences on a

few questions. Statement 5, on whether the text was difficult to read due to color

or size, was answered differently between the groups (see Figure 4.12, left).

Figure 4.12: Results from items 5, p=0.072 and 8, p=0.086
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The question whether or not the participants feel in control of the system also

differed significantly, which can be seen in see Figure 4.12, right.

Another question that the participants in the different conditions showed tenden-

cies to rate differently was about trust in the system - whether or not they felt

that the system gave them correct information (see Figure 4.13, left).

Figure 4.13: Result from items 12, p= 0.122 and 14, p=0.027

The difference is not large (mean=5.3 vs 4.9, ttest p=0,122) but comes near a

statistical significance of p=0.1. Opinions on whether or not the system was clumsy

to use also differed between the groups see Figure 4.13, right. As in the other

questions the more positive score came from the group receiving both auditory

and visual instructions, who rated the system as less clumsy to use than the

participants in the other group.

A question relating to the overall experience of the system is whether the

participants could imagine to use this kind of system in their work, and most

of the participants were positive towards this, see Figure 4.14. Had the system not

been experienced as easy to use, too clumsy etcetera, the result would likely have

been indicating that the participants would not like to use it as a part of their

work.

The open response questions

The open questions in the second part of the questionnaire gave room to clarify the

responses made in the closed response section. The responses in this section were

diverse in content but a few topics were raised by several respondents. There were

no major differences found between the groups in the open response questions.

This section briefly summarizes the responses according to themes found.
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Figure 4.14: Result from item 9, p= 0.027

Marker placement

There was no question targeting marker placement, but several participants did

comment on the placement of the marker, three of the seventeen participants in

the sound condition and three out of the fifteen in the no sound condition:

"It was a bit tricky to think about keeping the marker in the field

of view, don’t know if you could do it in another way" (participant

6, No sound)

All of the participants, in both conditions, mentioning the marker wanted to change

the placement, possibly making it non-mobile.

Visual depth

A common issue in video see-through AR is the problem of parallax; that the image

presented differs from the expected image. This is due to the cameras placement

in front of the participant’s eyes. This was commented upon by participants in

both conditions; three in the sound condition and two in the no sound condition:

"It was a bit difficult to know how far away the things are in

front of you" (participant 5, No sound)

Peripheral view

A few respondents mentioned the peripheral view as a disturbance in the

interaction (four out of the 17 in the no sound condition and one out of the

15 in the sound condition), for example:
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"...annoying sometimes that you could see under the glasses,

maybe a shield that would cover the field of view so that you

could only see the display." (participant 1, Sound)

Feedback and interactivity

Two themes that were identified by some participants was the lack of feedback

from the system (i.e acknowledging when a verbal command was registered). Three

participants in the sound condition and one in the no sound condition. Another

related theme is the lack of interactivity in that the user cannot ask questions

and get responses from the system. This was mentioned by one participant in the

sound condition and two in the no sound condition.

"I had some difficulties with parts of it and then I would have

liked for the voice to tell me that I had done it correctly and that

I could move on" (participant 2, Sound)

Experienced uncertainty and control

A theme related to the lack of feedback and interactivity in the AR system is

a feeling of uncertainty, which was experienced by two of the sound condition

participants, and four of the no sound condition participants.

"It was difficult to know whether I did something wrong or if the

system took time to approve ok [the verbal command]"(participant

1, No sound)

Another aspect concerning interactivity is the ability to control the interaction.

Participants in both groups had comments regarding this:

"No instructions were skipped due to browsing a text. That you

could complete the assembly in your own phase" (participant 11,

No sound, answering a question about positive aspects of the AR

system)

Multimedial interaction

Several comments were made about the presence of multimedial instructions. Five
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of the participants in the sound condition mentioned the positive effect of having

both auditory and visual instructions:

"Clear and simple instructions on how to navigate (OK/back-

wards). Good that the instructions were repeated if you looked

away. Good to have both image and sound instructions" (partic-

ipant 8, Sound)

Comments were also made about using both text and images by two participants

in the no sound condition:

"Very good that you could see the construction, that images

illustrated how to do it. Good that I had the things in front

of me and instructions in the field of view, easier to focus than

with written paper information" (participant 14, No sound)

Clarity of instructions

A majority (twelve, or 71 percent) of the participants in the sound condition

experienced the instructions to be clear and easy to follow. However, two

participants had a different experience:

"Sometimes the images didn’t look exactly like the objects, which

could cause some confusion.Ó (participant 4, Sound)

The result was similar in the no sound condition where eleven of the participants

(73 percent) mentioned the clarity and that the instructions were easy to follow.

In this condition none of the participants mentioned any problems with clarity in

the instructions.

Human-like interaction?

The final question in the questionnaire was whether it is possible to compare

receiving instructions in the AR system to receiving instructions from a human

(teacher/tutor/instructor). The question was open, but the answers were trans-

lated into "yes", "no" and "unclear" where necessary. There was a difference in

the response as can be seen in Figure 4.15
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Figure 4.15: Comparison between the conditions, p=0.016

The translation was triangulated in that two observers did translations and these

were then compared and correlated. Cohens Kappa was used to determine the

inter-rater reliability and the result was 0.90, which is well above the satisfactory

level of 0.70.

4.4.7 Discussion

In this section the quantified results of the closed response questionnaire are

analysed and discussed. In the following section a more qualitative analysis and

discussion of the results of the open questions are presented.

There were no significant differences between the two conditions in terms of the

overall interaction with the AR system, although there was a tendency indicating

that the participants with both visual and aural instruction used the backwards

command more often than the participants receiving only visual instructions.

The experience of readability problems does seem to have a close coupling to

previous findings in multimodality research - that using more modalities can

disambiguate information. So by both hearing instructions and seeing them does

enhance the recognition of the instructions. Hearing the instructions makes it easier

to read them at the same time, or at least disambiguates and clarifies the text.

This may also be relevant for the feeling of being in control over the system, being

able to recognise and understand it’s instructions.
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The open questions were not targeting specific issues, rather they were general,

supplementing the closed response statements and allowing the participants to

elaborate on issues they found relevant. Nonetheless, several themes could be

identified across the answers of the participants. Issues, problems or comments

that were raised by more than one participant have been the focus of the analysis.

As noted, there were no significant differences found between the groups in what

topics they raised, but comments made are of general interest for the usability of

the system.

The issue of marker placement is interesting since, this application is the first

known to the author, using a ring mounted marker. On the whole it did not

cause any problems in relation to completing the task, however several participants

did find it disturbing that the marker was not always in clear view, causing the

instructions to restart when it was recognized by the AR system again. One user

did however find this to be a good thing - allowing her/him to "step back" by just

covering the marker. But as noted, most of the participants who commented were

disturbed by it not being stuck in the field of view. This would probably not have

been so easy to solve, seeing that placing the marker on the table in front of them

for instance would cause the participants to occasionally loose it from their field

of view, either by covering it with their hand or the troakar while assembling it,

or by turning their heads in such a way that it is no longer in their field of view.

Different applications require different solutions and for this application the ring

based marker seemed to work, but perhaps an alternative marker placed on the

table should have been included.

The problem of parallax, and the problems of not having regular depth perception

when looking through the AR system is a commonly known in video see through

AR. Although it was commented upon by some of the participants, the lack of

depth perception did not make it impossible to assemble the rather small object.

What was lacking in visual depth was relatively easy compensated by tactile

perception and the participant did get used to the situation quite quickly.
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Interactivity and feedback are important issues for usability in any system.

Providing the user with some feedback, such as if the voice command has been

acknowledged or not, is not difficult, it is a matter of changing the settings. In

this study the feedback option was deliberately turned off, which in retrospect

may have been a bad choice. However it was a question of limited time; the voice

output was the standard Windows speech module voice, speaking in English, and

since this was not the language used in the application it was considered as a

problem. Unfortunately there was no time to install another alternative language.

In future applications of this AR system this problem will be addressed.

The statement by participant 14 in the no sound condition above illustrates one

aspect of the system; the possibility to give instructions in real time and in the real

context. Seeing animations overlaid, right next to or over what the user is doing

may be beneficial for the learning experience, as noted by the participant. This is

an important aspect of using multi-medial information presentation as opposed to

information using only one medium.

According to statistical standards there was not a significant difference between

task completion time and average score. It can still be noted that there was a

tendency towards more positive results (faster completion time, and higher score)

in the sound condition. In general there were no extreme differences between the

two conditions, and to be noted is that where the no sound group gave lower scores,

the scores were still relatively high resulting in an average of 64 of the maximum

84.

One question of particular interest, and that was more targeted than the other open

questions, was the final question: "Is it possible to compare the instructions given

by the AR system to receiving instructions from a teacher/tutor?" This question

relates to issues of systems seen as human-like or tool-like Qvarfordt et al. (2003).

There was a significant difference in the responses between the groups as can be

seen in Figure 4.15. The participants receiving both verbal and visual instruction

were more prone to comparing the AR system with receiving instructions from a

human, than participants receiving only visual instructions. This maybe related to
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issues of interactivity - a system that interacts with two modalities is more similar

to a human than a system which only interacts in one.

To summarize, in analyzing the results of the study the effect of multi-medial

instructions seem to be of relevance. The participants were in general more positive

towards the system when they had both verbal and visual instructions, and they

gave the AR system more positive scores than the participants who received only

visual instructions.

4.5 General observations and conclusions of the

single user studies

The first ESG study was exploratory in nature, targeting the user experience and

acceptance of the AR system in the context of health care. The results of this study

were positive in that the participants quickly learned how to use the AR system

and follow the instructions completing the task as required. The two following

studies further explored the idea of giving AR instructions to professional health

care staff, but for a somewhat different task. The ESG in the first study was in

a sense more interactive in that it responded to the user’s actions - when it was

turned on the lights started blinking, and when they changed the settings they got

instant feedback from the apparatus. The troakar, on the other hand, is a "silent"

device - it does not give any responses indicating whether the user was successful

or not (other than the look and feel of course). In this study the interaction in

focus was instead more on the AR system - the added feature of voice input gave

another dimension of analysis. First the AR application was studied in the same

environment as the ESG, with professional participants, and later it was studied

in a somewhat more artificial environment with participants representing future

health care professionals. The second group allowed us to study the effect of having

instructions presented both visually and through sound. As seen in the result there

were no major efficiency effects, but it became clear that for some users the ability

to both hear the instructions and see the animations was experienced as very
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helpful. And one thing that all three studies have in common is just that - the

user experience of the AR system and applications.

The issue of the system being interactive and able to answer questions, as well

as noticing whether the user has completed an instruction correctly or not, is

a much wider issue. These requests by the participants are very valid but they

would require extensive and complex technological changes and development in

the AR system, including artificial intelligence and object recognition, which will

not easily be solved in the near future. However, this is a very interesting topic of

discussion for the AR community as a whole. The possibility of integrating speech

recognition, dialogue management and object recognition into AR systems would

greatly improve their potential.

Ergonomic issues that were obvious in both the ESG and the troakar study was the

parallax problem. This issue is however not specific to the applications described

here but an issue related to the use of the video see-through AR solution. One way

to solve the visual depth issue is to use a completely different technical solution

using optical see-though AR. Another approach which eliminates the commonly

known problems of optic see through AR is by adding stereo vision to the video

see through AR system. This would solve the depth issue, but not the parallax

issue. The use of two cameras instead of one would allow depth perception, but

the cameras would still have to be mounted somewhere leaving a gap between the

cameras position and the user’s eye position.

When introducing new systems, like AR, in an activity, user acceptance is crucial.

It the difference between conditions like the sound and no sound condition in

terms of performance is not significant, it is probably tempting for a developer

to aim for the less costly no sound solution. However, if a new system is to be

accepted by its user, it is crucial that acceptance and trust in the system is high,

and the findings from the last troakar study indicates that the perceived trust

probably is higher in the sound condition. This is motivated by the fact that the

participants in the sound condition reported fewer problems with understanding

the instructions. Also, the clear difference regarding if the participants experienced
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the system as comparable to a human instructor strengthen the assumption that

the sound condition has a higher acceptance among the users. Any aspect of the

AR system that can make it more human-like such as adding more interactivity

and the ability to verbally interact with it will probably be important for user

acceptance in the future.
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Chapter 5

Multi-user study

The previous chapter explored the possibilities of introducing AR applications

as tools for rather simple sequential instructional tasks. These applications were

aimed at helping users complete a pre-defined task in several steps, where one step

naturally follows another. The participants in the studies responded positively to

the technology and ideas in the project. In real life there are many situations where

people work individually, as in the studies in chapter 4, but in many situations

work practice involves collaboration with several other people. And many tasks

are not as simple and straight forward as following a sequential instruction. To

further explore the potential of AR in real life work situations there was a need to

take it to a different level, involving more than one user solving a more complex

and dynamic task demanding both communication and collaboration.

Much like in the previous studies the aim was to find a real world problem and

apply and evaluate an AR solution to it. The domain chosen was crisis and

emergency management as this is an area of work where people have to cooperate

and communicate in order to solve diverse and changing, dynamic, problems.

Since the challenge of developing and using AR for collaborative work in crisis

management has not previously been explored to any length there are no other

studies or methods to fall back on. This study has therefore drawn inspiration

from other related fields and the method is partly based on a simulator used

to train for, and evaluate collaborative work (Johansson et al., 2007; Trnka

107
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et al., 2006; Lindgren and Smith, 2006; Trnka et al., 2008), and partly on a

qualitative observational method that focuses on user feedback and naturalistic

settings (Nilsson and Johansson, 2006b, 2008).

Like in the single user studies the basic approach used was user centered and

learning from the results of the single user studies the iterative design of the

application was crucial, as well as involving real end users from the very beginning

of the project. The 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, such as what type of symbols

to use, and what type of information is important and relevant in the task of

creating common ground between the three participating organisations. Based on

an analysis of the brainstorming session a first design was implemented. This

design was evaluated using a scenario in which the participants, one from each of

the three organisations, had to interact and work together as they would in a real

situation, cooperating in response to a forest fire. The exercise was observed and

the participants also answered questionnaires pertaining to the AR system design,

and finally a focus group discussion was held. As a result of this design evaluation

the system was redesigned and this redesign was later evaluated through a second

study consisting of a focus group discussion and observation of the users interacting

with the redesigned system while performing simple tasks. The final outcome of

this design process was then evaluated in a larger study.

5.1 The design and development process

The AR system was iteratively designed in three steps. The task for the

participants was to collaborate in responding to a forest fire. The roles the

participants had were on a command and control level, meaning that they were

responsible for planning resources and giving orders to people in the field. The
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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. As mentioned above, in the

pre-design phase field experts took part of a brainstorming session to establish

the parameters of the AR system. This brainstorming session was used to define

the components of the software interface, such as what type of symbols to use,

and what type of information is important and relevant in the task for creating

common ground between the three participating organisations.

5.1.1 The first iteration

After the brainstorming session a first design was implemented and evaluated in

a study conducted with the purpose of evaluating the system design as a tool for

collaboration between organisations. To promote realistic results, the participants

were representatives from the three organisations in focus; the fire department, the

police and the military helicopter platoon. The setting was at a military helicopter

base.

Figure 5.1: The study was conducted in a simulated natural setting
in a hangar at a helicopter base.

The AR system was designed to support cooperation as advocated by Billinghurst

and Kato (2002) and Gutwin and Greenberg (2001) and thus emphasised the need

for actors to see each other. Therefore, it was equipped with hand-held displays

that are easier to remove from the eyes than head mounted displays, see Figure 5.1.

We used a digital map where participants had personal, individual views, allowing
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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. A feature allowed each participant to

send their view of the situation (i.e. their individual map) to the other participants

when necessary. Hand pointing on the map was not possible as the hand was

occluded by the digital image of the map in the display.

The tools used for data gathering were observation, focus groups and question-

naires. This design was then evaluated using a scenario in which participants, one

from each of the three organisations, had to interact and work together to complete

tasks in a dynamic scenario. The exercise was observed and the participants

also answered questionnaires pertaining to the AR system design, and finally a

focused group discussion was held. The evaluation revealed a number of issues

regarding the design of the system as well as the scenario being 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.

One function that was implemented in the system, but not used by the partici-

pants, was the possibility to send and receive the other organisations’ map views.

The reason for them not using this functionality was probably that the instructions

and practice they were given on the system were not clear enough on how to use

this feature.

Several suggestions were given for redesign including a map with more details,

more events in the scenario played and changing the physical interaction devices.

Especially the design of the AR displays as a handheld device did not receive a

positive response and the observations clearly illustrated this problem.

The participants also commented on more positive aspects of the system, such

as the possibility of spatially distributed collaboration. Other findings in the first

evaluation questionnaires were that despite the relatively clumsy design of the

prototype, all participants thought it was easy to use and that it was quick to
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Figure 5.2: The HMD and redesigned interaction device, which allows the user
to choose a virtual object and place it on the digital map.

learn. Despite flaws in the system, all participants could also see themselves using

the AR system in their professional life as well as in other situations.

5.1.2 The second iteration of the Augmented Reality system

As a result of the design evaluation the system was redesigned. The handheld

display was replaced with a head mounted display allowing freedom of movement.

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 Figure 5.2.

Another improvement made was a simplified interaction in which the user can

use their hand to point at things in the digital map. In the previous design this

pointing manoeuvre could not be seen as the digital map was superimposed over

the pointing hand giving the impression that the user was pointing ’under’ the map

rather than on the map. The first prototype therefore had a pointing function in the

interaction device. The new, improved technical design has eliminated the need for

this pointing device as the system now allows the users hand to be superimposed

over the digital map image using blue-screen technique, see Figure 5.3. This allows

(    127    )



112 Chapter 5. Collaborative multi-user study

the users to use deictic gestures like pointing since their hands are visible above

the digital representation. The system thus presents several properties of a normal

paper map with the added functionality of adding, moving and removing digital

objects that carry information and can be manipulated by any user working with

the system.

Figure 5.3: The users display showing the digital map with symbols and
pointing used in the collaborative AR application

The redesigned AR system was evaluated in a focus group discussion where the

participants first were asked to reflect on their experience in the previous study.

Then the redesigned system was presented and the participants were observed

using it to complete simple tasks from the scenario in the pre-study. After this the

focus group discussion continued with reflections on the new design.

The results from the discussions were positive. The problems that they reported on

previously had been addressed. The head mounted display was a big improvement

and allowed them to move around and interact more freely. The new joystick

interaction device was also appreciated and the participants found it very easy to

use. The added possibility to see deictic gestures such as pointing, on the digital

map has simplified the interaction considerably and also resulted in a more natural

interaction and better communication between the participants. In the redesigned

application the participants had exactly the same view allowing them to alter

their personal image but still seeing the same map, and not as previously the
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organisation specific map. As noted by one of the participants during the group

discussion:

“A common picture, everything is better than me telling someone

what it looks like...you need to see the picture and not to hear

my words. “ (participant from the second evaluation)

5.2 The end user study

For the third iteration of the system a complete user study was conducted and

participants from three different organisations involved in crisis management were

recruited. The study was conducted with the purpose of evaluating the AR system

and application design in order to improve it as a tool for collaboration between

organisations. For obvious reasons it is not possible to conduct experiments in

a real life fire-fighting situation. Instead, to create a realistic study, we used a

scenario where the groups had to collaborate, distribute resources and plan actions

in response to a simulated forest fire and other related or non–related events. In

the scenario the participants act as they would as on–scene commanders in their

respective organisation. This means that they together have to discuss the current

situation and decide how to proceed in order to manage the fire, evacuate residents,

redirect traffic, coordinate personnel as well as dealing with any unexpected events

that may occur during such incidents. Normally discussions like this take place in a

temporary control room (often a room at an appropriate location near the affected

area) around a paper map of the affected area. The AR system was used as a tool

for them to see and manipulate their resources on a digital map and as a way to

have an overall view of the situation.

As noted previously, the CSE approach to studying human computer interaction

advocates a natural setting. A natural setting in crisis management is a rather

dynamic setting and the course of events depends on each participant’s actions,

making it difficult to quantify and compare the results from one trial to the next.

In a natural setting, unforeseen consequences are inevitable and also desirable.
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This makes each trial different - the actions taken by the team in one trial are

not necessarily taken by another team (even though they are presented with the

same information). Unless you can gather a very large number of participants,

this makes it very difficult to use time and other frequencies as a measure of

successful performance or experience of the system. Instead the main source of

data in this study are questionnaires addressing the participants experience of the

AR system, collaboration and task. Unfortunately current AR systems are not

developed enough for use in real life situations, especially not if used in situations

where enormous values are on stake, such as large forest fires. Therefore we use

simulations of events, cf. (Woods and Roth, 1988) in this study.

5.2.1 Participants

In total 30 participants took part of the study during ten sessions distributed

over ten days, with three persons in each session. The participants were all at the

level in their organisation where they in real life are assigned to team-coordinating

situations. This means that they all either have experience from working in teams

with partners from at least one of the other organisations, or have a position in

their organisation which require that they have a minimal education and training

in these types of command and control assignments. The groups formed here had

never worked together before and they did not know each other prior to this study.

They are, however, used to this type of simulation based training and exercises.

Of the ten trials, two were spoiled due to unforeseeable events (in one case one

participant was called to active duty due to an emergency and in the other case

external technical problems forced the trial to end prematurely). This resulted

in a total of eight complete trials with 24 participants, of which 23 were male,

one female and the ages ranged from 25 to 57 (median: 36, average: 39,1). The

participants from the police ranged between 30 and 39 (median age: 36, average:

34,9), the participants from the rescue services between 35 and 57 (median: 48,

average: 48,6), and the helicopter pilots ranged from 25 to 56 (median: 28,5,

average: 34,4) in age.
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5.2.2 The Augmented Reality system used in the study

The AR system used in the study was a high fidelity prototype, which allowed

the users to interact with virtual elements. It includes a Z800 3DVisor from

eMagin (http://www.3dvisor.com/) integrated with a firewire camera. The

Mixed Reality system runs on a 2.10GHz laptop with 3 GB RAM and a 128

MB NVIDIA GeForce 8400M GS graphics card and the marker tracking software

used is based on ARToolkit Kato and Billinghurst (1999). In order to interact with

the AR system the users had a joystick-like interaction device allowing them to

choose objects and functions affecting their view of the digital map, see Figure 5.4.

Figure 5.4: The joystick interaction device used in the study.

One important technical design feature, which was a result of the iterative design

process, is the ability to point in the map. The system allows the users hand to

be superimposed over the digital map image, see Figure 5.3.

The users have access to a personal, organisation-specific symbol library which

they can use to create a situational picture. Examples of symbols are police

vehicles, fire trucks, helicopters, and personnel. Other types of symbols are the

function symbols, for instance the i© symbol which when used allows the user to

see additional organisation-specific information about the already placed symbols,

such as information about how many hours personnel has been on duty, or how

much water is left in the tank of a tank truck. The symbols are simplified to

some degree in order to be understandable by users from other organisations. All

symbols are three-dimensional and follows the users’ movements, e.g. if a user
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kneels down the symbols are seen from the side. It is also possible to personalise

the system by filtering out symbols belonging to one or more organisation, thus,

e.g. showing only symbols from the own organisation on the map.

If necessary, the users can manipulate each others symbols, e.g. a fire-fighter can

place, delete and move a police vehicle. There are also a set of symbols that are

common to all users of the systems, such as fires and smoke (this is particularly

important in this case as the participants in the study are confronted with a forest-

fire fighting task). The users thus have access to a digital playground where they

can add symbols, move them or remove them freely. The symbols were placed in

relation to a marker attached on a joystick, meaning that there was no fixed menu

in the user’s field of view or related to the map. Instead the menu of symbols was

related to the physical controller.

Users can use a command function to zoom in and out on the map to focus on a

symbol or a part of the map. It is also possible to physically lean in over the map

to get a closer look, as you would over a regular paper map. In order to place a

symbol the user first moves the joystick-attached marker to the chosen position on

the map and then selects and places the symbol in the menu by using the buttons

on the joystick. The same procedure is used to remove a symbol, to see additional

information about a symbol or to zoom in the map.

In order for the users to share the same view the AR systems must be interlinked

and responsive to what each system user does. In the three system setup the

individual AR systems communicate through an internal Ethernet network. Each

system listens for changes in the internal representation in the other AR systems

and updates its own internal representation to reflect the changes made to the

representation in the other two AR systems.

Observation equipment

The user study was recorded with five digital video cameras to allow later

observation of the participants’ interactions with the each other as well as with the

AR system and paper map. Two cameras were directed towards the area in which

the participants worked, and three cameras were used to log the activity in each
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participant’s AR system. During the study observers took notes in an observation

protocol in which observations were organised in relation to different aspects of

interest.

5.2.3 User task and procedure

In the study the participants collaborated in groups of three, with one commander

from each organisation (the fire and rescue services, the police department and

the helicopter platoon) in every team. The participants had to interact and work

together to complete assignments in the dynamic scenario. The team worked

together around the same table to encourage face-to-face communication as this

is an important part of collaborative planning processes (as noted above).

Three different scenarios were used, each describing a forest fire that had been

going on for a couple of days. The description was rather detailed and included

information on when the fire has started, where people had been seen, weather

conditions etc. Each organisation had a number of units that they had to assign

to different locations on the map as they would have done in a real situation. The

participants all have the same digital map in their view. They can independently

place symbols using the handheld interaction device and they can also discuss with

each other how to place their own symbols and also shared symbols, such as the

fire symbol and break points.

To create a baseline for the evaluation the scenario was also conducted using paper

maps and pens (similar to how they would normally go about this type of task).

Every team performed the exercise over a course of about three hours where time

was spent accordingly: 30 minutes introduction to the project and procedure, 30

minutes of training where the participants did a test run of the procedure both

using the paper map and using the AR system, and then three 20 minute sessions

where the forest fire scenario was played out with a number of different events in

every session.
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Figure 5.5: The simulated natural setting (a hangar at a helicopter base)
in the end user study.

In the first session the participants worked with the AR system, in the second

session they worked with a paper map, pens and transparency film, and in the

third session they used the AR system again. After each of the three sessions the

participants filled out a questionnaire regarding the session and after the final

session they also filled out an additional questionnaire which focused on an overall

evaluation of the AR system. Finally a focus group discussion was held where the

participants could reflect on and discuss a series of topics relating to the exercises,

the scenario and the AR system.

The study was conducted at a helicopter base, Figure 5.5. In order to create

a dynamic scenario and realistic responses and reactions to the participants’

decisions in the three sessions, we used a gaming simulator, C3 Fire (Granlund,

2001). C3Fire generates a task environment where a simulated forest fire evolves

over time. The simulation includes a map and features like houses, different kinds

of vegetation, computer simulated agents, vehicles etc. that can be controlled by

an experiment assistant. For the purpose of the this study the micro world was

used to create a realistic chain of events in response to the participants actions,

thus making the scenario situation more realistic. The simulator was run in the

background by the research team where one member inserted information into the

gaming simulator, for instance, that several police cars have been reallocated to

attend to a traffic incident. The experiment manager acted as a feedback channel

to the participants in order for them to carry out their work. For instance, when the

reallocated police cars had reached their new destination the experiment leader
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Figure 5.6: A schematic view of the user study.

returned with information to the participants. (In other words, the experiment

leader was the communication system between the commanders in the control room

and the personnel in the field.) Other examples of information from the gaming

simulator are weather reports, status and location of personnel and vehicles, the

spread of the fire etc. Figure 5.6 illustrates the set-up of the C3 Fire engine in the

study.

To summarise the experiment:

Activity Duration

Introduction to AR and the experiment 30 minutes

AR practise using a predefined set of tasks ≈ 15 minutes

Paper map exercise using a predefined set of tasks ≈ 15 minutes

AR session 1 20 minutes

Co-operation questionnaire ≈ 10 minutes

Paper map session 20 minutes

Co-operation questionnaire ≈ 10 minutes

AR session 2 20 minutes

Co-operation questionnaire ≈ 10 minutes

AR questionnaire ≈ 15 minutes

Focus group discussion ≈ 20 minutes
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5.2.4 Data analysis

The main data sources used in this study were the questionnaires, although

observations were used to triangulate the responses. As in the previously described

troakar studies, the first three questionnaires, which focused on collaborative

aspects of the application and task, consisted of a set of closed questions where

the participants responded on a 6 point Likert scale (see Appendix). In total the

questionnaire included 18 closed questions of which the first 3 were demo-graphical

in nature (prior technological experience, interest in technology and computer use).

The remaining 15 questions focused on the user experience with statements where

the user could check a box between "completely agree" to "completely disagree".

The second part or the questionnaire included 10 open questions where the

participants could answer freely on their experience of the AR system. The

questions related to overall impression of the AR system, experienced difficulties,

experienced positive aspects, what they would change in the system and whether

it is possible to compare receiving AR instructions to receiving instructions from

a teacher.

For the analysis of the first part of the questionnaire, the 6 point scale, all responses

were transformed so that 6 was used as the most positive answer for the AR system

(e.g. the user for instance completely agrees that the system was fun to use, or

completely disagrees that the system was clumsy to use) and 1 was the most

negative. The open ended questions are discussed below in relation to the closed

response questions. Several types of analyses have then been made on the data,

both a comparison between the AR system sessions and the paper map session, as

well as an analysis of the final AR system evaluation as described in the following

sections.

The study also included a final evaluation questionnaire, which included 18

closed response questions, also on a 6 point Likert scale, and a set of open

questions allowing the participants to expand on certain issues. This questionnaire

specifically targeted the AR application and system and the interaction related
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with it (see Appendix) and it was analysed mainly with descriptive statistics as

described below. The results of the open ended questions are discussed in relation

to the closed response questions.

In addition to the questionnaires the participants took part in a focused group

discussion after the sessions, which allowed them to elaborate on the issues raised

by the questionnaires as well as give any additional comments. This discussion was

recorded and used as a secondary source of information in the analysis, guiding

the observations made of the video recordings made during the study. To guide

the video observation, observation protocols were used during the sessions. The

protocols were organised according to themes of interest for the observation, for

instance noting any potential interaction problems, or communication issues either

with each other or the AR system (see Appendix). These protocols were not

part of the quantitative analysis, but mainly used as a resource for the general

observations.

5.3 Results

This section describes the results of the study. First a comparison between the

three sessions is made, then the questions regarding the collaborative aspects in

the study are addressed, and finally the overall evaluation of the AR system is

presented.

5.3.1 Comparing the three sessions

The AR-system collaboration questionnaire consisted of 15 items, and 6 open-

ended questions. The queries and data from the sessions are presented in Table 5.11.

The open-ended responses are presented and discussed in relation to the relevant

questionnaire items.
1The queries have been translated to English by the author
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Table 5.1: AR-system questionnaire, average score and standard deviation. As
the statements in the questionnaire were both positively and negatively loaded
(see for instance the first two items), the scores on the negatively loaded items
were transformed in order to make the result easier to interpret. This means
that in the table a high score is positive for the AR system/paper map and a

low score is negative for the AR system/paper map.

In general the results on the questionnaire were positive for the AR system. The

average scores were all above 3 out of 6. Using one way ANOVA with Bonferroni

post hoc tests we found significant differences between the three session on items

1, 5, 6, 7, 8, 9, 12 and 13 as can be seen in Table 5.1 .

There is a significant difference between the first AR session (AR1) and the second

AR session (AR2) on the first item, Item 1, regarding how long it took to begin
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Figure 5.7: Results from questionnaire items 1, It took a long time to start
to cooperate and 5, I felt that the group controlled the situation. For further

explanation, see text.

working together. The participants felt that it took longer time to cooperate in

the first AR session, see Figure 5.7, left. In AR2 they felt that they began to

collaborate as fast, or faster, as when they used the paper map (F(2,42)=12,8,

p<0.05).

As one user commented:

"Since we were a bit used to it, we could use the technology in a

better and more effective way". (RS0924, Question 3:4)2

When asked if it was easy to collaborate, Item 2, the results were positive in all

three sessions - the mean score was 4.7, 4.7 and 5.0 on the 6 grade scale. There

was in this case a slight difference between the organisations, where the rescue

service participants scored lower than the helicopter pilots (F(2,42)= 2.8, p<0.05).

Although there were no significant effects between the first and second AR session

there is a social effect of getting to know one another better and therefore being

able to understand and collaborate better:

"It worked smoothly with suggestions and orders. Mainly because

of the shared picture and also since we are beginning to find our

feet". (HP0926, question 3:4)
2In the following text quotes of the participants are coded as follows: the first letter/s indicate

organisation (P-Police, RS- Rescue services, HP- Helicopter Pilot), the following four numbers
are the team number, and the final number combination indicates which of the open-ended
questions the quote is related to.
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When asked about the AR system as a tool for collaboration, Item 3, again we

had high scores. There was no significant difference between the sessions. There

were however some differences between the organisations, where the helicopter

pilots appreciated the AR system slightly more than the rescue service participants

(F(4,42)=5.1, p<0.05).

Concerning whether or not the participants enjoyed the collaboration, Item 4,

the scores are very high, between 5.2 and 5.3. There was no significant difference

between the sessions, see Figure 5.1, all seemed to enjoy it and the means were

4.3 at the lowest.

On the item of feeling that the group had control over the situation, Item 5, we

note the importance of training. We have a significantly lower value for the first

AR session, (Figure 5.7) indicating that users have the same sense of control using

the AR system as they have using a normal paper based map, after some training.

In AR1 the average score was 4,2 while the average in the second AR session

was 4.8 (F(2,42)=7.98, p<0.05). In the paper session the average was 5.0 and this

was also significantly higher than in AR1 (F2(42)=7.98, p<0.05). There was no

significant difference between the paper map session and AR2.

Another aspect of collaboration is sharing information, Item 6, and this activity

was more difficult during the first AR session. The overall average score on the item

regarding information sharing, Item 6, was high; 4.0 out of 6 in AR1 and 4.8 in AR2

and 5,0 in the paper session, see Figure 5.8, right. The difference was significant

between AR1 and AR2 (F(2,42= 12.0, p<0.05) and between AR1 and the paper

map (F(2,42)=12.0, p<0.05). However, there was no significant difference between

the second AR session and the paper map session which may indicate that sharing

information was not experienced as more difficult when working with the AR

system after some training, as compared to working with the paper map.

A group of items specifically addressed the map and the symbols on the map; Item

7, Item 8 and Item 9. Here the scores for the AR system are higher than for the

paper map, Figure 5.8 and Figure 5.9, suggesting that the use of the AR system

made it easier to achieve a common situation picture. Regarding the map, Item 7,

(    140    )



Chapter 5. Collaborative multi-user study 125

Figure 5.8: Results from items 6, It was easy to mediate information between
the organisations and 7, The map made it easy to achieve a common situational

picture. For further explanation, see text.

we only see a tendency to difference between AR2 and the paper map (F(2,42)=6.1,

p≈0.052), but regarding the symbols, Item 8, there is a significant difference. The

symbols in AR2 made it easier to achieve a common situational picture compared

to the paper map (F(2,42)=15.3, p<0.05). The map is also regarded as less messy

when using the AR system, Item 9, with significant differences both the first and

second time the AR system was used, AR1vs paper map (F(2,42)=12.7, p<0.05)

and AR2 vs paper map (F(2,42)=12.7, p<0.05).

We also note that the users wanted even more symbols than we had on the map,

Item 10, scoring rather low on this item in all three situations. The participants

had, however, no problems to interpret the symbols, Item 11. When asked if the

map and symbols helped the participants trust the situational picture, Item 12 and

Item 13 there are differences, see Figure 5.10. Concerning whether the map helped

the users trust the situational picture, Item 12, we have a tendency to difference

Figure 5.9: Results from items 8, The symbols made it easy to achieve a
common situational picture and 9, The map became cluttered/messy. See text

for further explanation.

(    141    )



126 Chapter 5. Collaborative multi-user study

Figure 5.10: Results from items 12, The map helped me trust the situational
picture and 13, The symbols helped me trust the situational picture. See text for

further explanation.

between the paper map and the second usage of the AR system, AR2, on the map,

Item 12 (F(2,42)=4.6, p≈0.051). The symbols, Item 13, helped the users more

using the AR system, AR2, than the symbols on the paper map (F(2,42)=5.1,

p<0.05). We also found a significant difference between the first and second use

of the AR system, AR1 vs AR2 for Item 12 (F(2,42)=4.6, p<0.05) and for Item

13 (F(2,42)=5.1, p<0.05).

Finally we had two items, Item 14 and Item 15, where users had to provide a more

subjective view of the situational picture. Our participants scored high on these

items in all three situations, all above 4, but there were no significant differences

between the sessions or organisations.

5.3.2 Collaborating through the Augmented Reality system

The purpose of the AR application was to support collaboration, hence this section

presents the result of the collaboration using the paper map compared to using

the AR system the second time, see Table 5.1. As noted in the previous section

the participants experienced the AR system as easier to work with and through

the second time, which illustrates the importance of training and repeated use of

the technology, which was also highlighted by one of the participants:

"Good! It gives a credible situational picture and when you are

secure in using the system my hope is that you can focus more on
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your task and less on verbal communication." (RS0924, question

3:6)

The participants all have significant amount of training and practice on how to

work with paper maps and the tools provided in the paper map session. This makes

a comparison between the second time using the AR application with the paper

map slightly more relevant than an overall comparison between both AR sessions

and the paper map session. Using one way ANOVA with Bonferroni post hoc tests

we found interesting differences between the paper session and the AR session on

Items 7, 8, and 9, as well as a tendency on Item 13. In general the results on the

questionnaire were positive for the AR system, see Table 5.1.

On Item 1, It took a long time to start to cooperate, the participants do not

experience that the AR system influences the time it takes to start to cooperate,

nor does the paper map, both have high scores, 5.33 for both the AR system and

the paper map. That the paper map does not influence the time it takes to start

to cooperate is not surprising as this is what they are used to.

When asked if it was easy to collaborate, Item 2, the results were positive in both

sessions - the mean score was 4.70 (AR) and 5.09 (paper map) on a 6 grade scale,

no significant difference.

When asked about the AR system as a tool for collaboration, Item 3, the average

scores were above 4 in both sessions. There was no significant difference between

the paper map and the AR system sessions.

Concerning whether or not the participants enjoyed the collaboration, Item 4 The

co-operation was fun, the scores were 5.29 for the AR system and 5.21 for the

paper map. There was no significant difference between the sessions.

On Item 5, I felt that the group controlled the situation we note a lack of significant

difference between the paper based session and the AR session. The use of the AR

system does not seem to result in an experienced loss of control in comparison to

the paper map, despite that it is more difficult to get eye contact with the head-

mounted display. In the paper map session the average score was 5.0 in comparison
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to an average of 4.79 in the AR session. The importance of presence in the task

was also noted by one participant:

"I felt that we could cooperate in a good way with this technology

since we could see each others units. It became one operation

together instead of like it is today when we work in different

places although it is the same event." (P0930, question 2:4)

Closely related to the ability to see each others vehicles is general information

sharing, which was targeted in Item 6, It was easy to mediate information between

the organisations. The overall average score on the item was 4.83 using AR and

5,0 in the paper session. However, there was no significant difference between the

AR session and the paper map session which means that sharing information was

experienced as easy to do while working on the paper map as with the AR system.

The real time overview given by the AR system is a major contribution to the

creation of a common ground for the collaborative work as illustrated by this

quote:

"It was easy and clear to see the others units. Good that you can

point on the map with your hand and in that way show where

you mean, good that you see the others point in order to help

each other out. That you are in the same room, with the same

map simplifies tremendously." (HP0930, question 1:4)

A group of questionnaire items specifically addressed the map and the symbols on

the map; Item 7, Item 8, and Item 9. Here the scores for the AR system are higher

than for the paper map, Figure 5.11, suggesting that the use of the AR system

made it easier to achieve a common situational picture. Regarding the map, Item

7 The map made it easy to achieve a common situational picture, we only see a

tendency to difference between the AR systems mean score of 5.04, and the paper

maps mean score of 4.18 (F(2,42)=6.1, p≈0.052). Regarding the symbols, Item

8 The symbols made it easy to achieve a common situational picture, there is a

significant difference between the mean scores of 4.83 and 3.42. The symbols in
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the AR system made it easier to achieve a common situational picture compared

to the paper map (F(2,42)=15.3, p<0.05). The map is also regarded as less messy

when using the AR system, Item 9 The map became cluttered, with a significant

difference (F(2,42)=12.7, p<0.05) between the mean score of 4.0 for the AR system

and 2.38 for the paper map.

Figure 5.11: Results from Items 7, The map/AR system made it easy to achieve
a common situational picture, 8, The symbols made it easy to achieve a common
situational picture and 9, The map was cluttered/messy. The AR system scored

significantly higher than the paper map. See text for further details.

We also note that the users wanted even more information than we had on the map,

Item 10 I would have liked to have had more information than what was available,

scoring rather low (mean score of 3.29 for the AR system and 3.17 for the paper

map) on this item. The participants had, however, no problems to interpret the

symbols and the map, giving Item 11, I felt that I was certain that I could interpret

what was on the map, a mean score of 4.54 when using the AR system and 3.75

with the paper map.

When asked if the map and symbols helped the participants trust the situational

picture, Item 12 and Item 13 there are differences. Concerning whether the map

helped the users trust the situational picture, Item 12, we have a tendency to a

difference between the paper map (mean score 3.67) and the AR system (mean

score 4.67), F(2,42)=4.6, p≈0.051. The symbols, Item 13 The symbols helped me

trust the situational picture, helped the users more using the AR system (mean

score 4.58) than the symbols on the paper map (mean score 3.50), F(2,42)=5.1,

p<0.05, see Figure 5.12.
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Figure 5.12: Results from Items 12, The map/AR system helped me trust the
situational picture, and 13 The symbols on the map helped me trust the situational
picture. There are tendencies to difference between the sessions, see text for

further details.

Finally we had two items, Item 14, I thought I had a good situational picture and

Item 15, I thought the others had a good situational picture, where users had to

provide a more subjective view of the situational picture. Our participants scored

high on these items in all three situations, all above 4, but there were no significant

differences between the sessions. One contributing factor to the scores as pointed

out by a participant, may be the co-location aspect of the application:

"It was easy and clear to see the others units. Good that you can

point on the map with your hand and in that way show where

you mean, good that you see the others point in order to help

each other out. That you are in the same room, with the same

map simplifies tremendously." (HP0930, question 1:4)

Overall the comparison between the AR system and the paper based map shows

that the AR system is as good as or better than the paper map in many respects.

5.3.3 Evaluating the Augmented Reality system

The questionnaire used to evaluate the AR system contained items specifically

addressing the use of the AR system and did not include other aspects such as

collaboration, see Table 5.2. The queries are based on the questions used in the
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previous single user application studies Nilsson and Johansson (2007, 2006a), and

here modified to reflect the task carried out in this study.

Table 5.2: AR system questionnaire, average score and lower/upper confidence
bound on the 6 point Likert scale. As the statements in the questionnaire were
both positively and negatively loaded (see for instance the first two items), the
scores on the negatively loaded items were transformed in order to make the
result easier to interpret. This means that in the table a high score is positive

for the AR system and a low score is negative for the AR system

The participants found the system easy to use and learn, as seen in Item 1, It

was easy to use the AR system and Item 5, It took a long time to learn to use the

system, with the mean scores of 4.21 and 4.963 respectively. They had only used
3Note that we have transformed the scores for consistency in the table meaning that a high

score on this item is positive for the AR system, i.e. positive, indicating it did not take a long
time
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the AR system that day but had no difficulty using it. Learning to cooperate using

the AR system was not a problem either, Item 18 It took a long time to learn how

to cooperate using the AR system, scored 4.67.

The participants liked to use the system. They gave high scores, 4.46, on Item 9,

I would like to use the AR system in my work. They were slightly less interested

to use the system in other situations, Item 10, scored 3.79.

On the general open ended question on what they thought of using AR technology

in these types of situations in their everyday professional life, What was the best

about the paper MR system for collaboration (one or several things)?, several users

pointed out that they do think that this technology can be a reliable help:

"Good! It gives a credible situational picture and when you are

secure in using the system my hope is that you can focus more on

your task and less on verbal communication" (RS0924, question

3:6) 4

The quote also highlights the key issue of training and practise in order to fully

take advantage and feel secure in the technology they use:

"Fun, but takes practise so people are comfortable using it."

(HP0925, question 3:6)

The participants trusted the system, Item 10 I felt confident that the AR system

gave me correct information scored 3.86.

The questionnaire also addressed the AR system display, in Item 2, Item 3 and Item

4. The users had no problems reading the map due to the colours, Item 2 The map

was hard to read due to the colours (mean score of 4.6), but on Item 3, The map

was hard to read due to picture resolution, we see that the users are less positive

(mean score of 3.1). We believe that this is due to the instability of the image,
4In the following text quotes of the participants are coded as follows: the first letter/s indicate

organisation (P-Police, RS- Rescue services, HP- Helicopter Pilot), the following four numbers
are the team number, and the final number combination indicates which questionnaire and open
ended question the quote is related to.
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i.e. when they focus on the outer parts of the map the system sometimes loses the

marker and hence the image projected to the user, as explained in the open ended

question What were the worst aspects of the AR system for collaboration?:

"That the map image disappeared when I looked at the edges of

the map. I felt somewhat isolated from the surrounding." (P0925,

question 4:2)

The users did not use the ability to switch between showing all symbols and only

their own symbols as frequently as we had anticipated, and consequently they

found the map a bit cluttered, Item 4 The map was hard to read due to the symbols

scored a mean of 3.38. However, the AR system seems to be experienced as less

cluttered than the paper based system, see Item 9, The map became cluttered, in

the questionnaire on collaboration, Figure 5.11. We believe the main reason for

not using the functionality allowing them to declutter the map by choosing to see

only selected symbols, is that it was a bit too cumbersome to use the interaction

device. Users had to manually select each organisation that they did not want to

see in a menu.

When asked about specific features in the AR system in the open ended section

of the questionnaire, 14 of the 27 participants said that they did use the feature

allowing them to see additional information about the objects on the map How

often did you use the possibility to see additional information?. Of the remaining

participants several would have used it if they had had more time and/or training.

"My ambition initially was to to work with i©. However, I chose

not to focus on this in order to save time. It’s a necessary feature

for the future in my opinion" (RS0924, question 4:6)

The interaction device was evaluated in Item 8, I thought that the interaction

device was easy to use (mean score of 3.9), and to a certain extent in Item 12, The

AR system was clumsy to use (mean score of 3.9), and Q13, The AR system had

no major flaws (mean score of 3.0). The rather low scores on these items can
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to some extent be explained by the result from the responses to the open ended

question What are your general impressions of the AR system? :

"It needs further development in order for it to be more user-

friendly" (RS0929, question 4:3)

The main issues of concern for improved user-friendliness are related to the symbol

menu and the lack of shortcut buttons on the joystick interaction device:

"Flipping through units and icons. There is no need for RS [rescue

service] vehicles in the police joystick for example." (P0923

question 4:3)

The interaction device and the symbol management in the design is also the main

concerns for the participants when asked about what they would change in the

systemWhat would you change in order to improve the collaboration over the paper

map/MR system?:

"Make the symbol management simpler." (HP1001, question 3:5)

"Move the symbols by pointing and dragging the finger." (P0925

question 3:5)

It is evident that the open approach derived from the design phase, where the

decision was made to make all symbols visible to all participants, was misguided.

This illustrates one of the difficulties in all design processes - a feature may be

desirable in one cycle of development but perhaps not in the next (the envisioned

world problem). Including more iterations in the process will likely reduce this

problem.

Two items addressed the number of symbols, Item 6 There were too many symbols

in the AR system and Item 7 There were too few symbols in the AR system scored

4.58 and 3.86 respectively. Again positive results, maybe adding some symbols,

which poses no problems.
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Addressing the more ergonomic or physical aspects of the system were Items 14, 15

and 16. As can be seen in Table 5.2 the users did not experience feeling sick, Item

14, dizziness, Item 15, nor did they feel discomfort, Item 16, due to using the AR

system. The discomfort they felt appears to be mainly due to the head-mounted

system. It became too heavy after a while as illustrated by this quote in response

to a question about the negative aspects of using the system Did you experience

anything as troublesome, and if so, what?:

"Standing for a long time with a front-heavy headset." (HP0925,

question 4:4)

One important aspect of interacting with systems is whether or not the users enjoy

working with the system. The result indicate that they did, which is evident by

viewing the score on Item 17, The AR system was fun to use. The result has

an average score of 5.6 on a 6 point scale. In the open ended question regarding

any positive aspects of the AR system, several issues were highlighted Did you

experience anything as positive, and if so, what?:

"Easy to get an overview, good to get information about people,

hours of every unit. Also the possibility to see other units

information. Easy to move units." (HP0930, question 4:5)

"Good and clear situational picture that is shared and updated."

(RS0930, question 4:5)

"You learn quickly. Good situational picture." (P1003, question

4:5)

These responses are important in relation to the purpose of the application.

The aim of the study was to implement and develop a system supporting the

establishment of a common situational picture among participant from different

organisations. The quotes above illustrate that in many aspects the AR system

succeeded to aid the users in achieving an overall situational picture. However,

as the results indicate there are several important issues to address in terms of
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interaction design, symbol management and the general physical design of the

system.

The open-ended part of the questionnaire also included a question regarding

whether the participants could see any other potential use for AR technology

than this application and several users did Is there any other situation where a

system like this would be useful?:

"Education, team work which requires a separation of tasks."

(HP0929, question 4:9)

"Practice navigation on your own ship but still in dock, i.e. you

fine tune the things you’re supposed to do in reality. Real time

supervision of divers in the water, i.e. you have a sea chart with

3D (available in military environments)." (P1003, question 4:9)

A common theme for most suggestions of potential use of AR include training,

simulation and strategy testing before an operation. The last quote above does

however indicate another direction of real time use of AR in an ongoing operation

or event as does this quote:

"An extremely interesting and exciting way to build an operation.

I can already now see the advantages with placing different

groups and units in connection to a larger football [soccer]

command." (P0930, question 4:3)

The final part of the user study was the focused group discussion during which

the participants discussed the experiences of the study, the AR system and their

collaboration. One interesting issue raised during several of these focus group

discussions were how the AR system could be used to share and distribute the

command team’s situational picture to other people outside the control room. For

instance the potential to work collaboratively but distributed as they do now but

instead of having only telephone contact with commanding strategic officers at

’home’ they could all share the same view of what is going on in the field, in real

time.
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5.4 Discussion of the results

On many items the participants scored the system higher in the second session

with AR (AR2) as compared to the first session (AR1). This indicates the necessity

of more than one trial or session with the AR system. This is probably valid in

most studies examining new technologies. If the study had been designed with

only one AR session (apart from the training session) the results would have been

less positive for the system. This would not have been a fair comparison towards

the baseline session as the participants are all familiar with paper maps but have

never before encountered a system like the one in this study. Another aspect of

several sessions is the social effect of collaborative work. As several participants

pointed out in the questionnaire, it became easier to both use the system and

communicate with each other in the second AR session. This is partly due to the

training effect on the AR system, but also due to the fact that the participants

got to know each other better.

The participants experienced that it was simple to understand the symbols

provided, although they requested to have even more symbols to choose from.

Adding symbols, and information to symbols, is not a big issue. Again, our focus

in this study was not to evaluate a complete system, but the prospects of using

AR for cooperation.

5.4.1 Information sharing and collaboration

The information sharing aspect of the system turned out to be equivalent in the

AR system and the paper map which is a very promising result. The current

technical solution, camera see-through, causes a lack of direct eye contact which

could be a drawback as gazing is used frequently as an indicator of focus in face-to-

face communication. Despite the lack of eye contact the participants felt that they

could easily share information among each other. This could be explained by the

AR system’s ability to present a common situational picture when everyone sees

what everybody else does with their resources directly. This reduces the need to
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actively request and present information as part of the information sharing process.

The ability to see each other’s units may also have strengthened the perception of

them being a team rather than just participants of their respective organisations

as illustrated by the quotation (repeated from the previous section):

"I felt that we could cooperate in a good way with this technology

since we could see each others units. It became one operation

together instead of like it is today when we work in different

places although it is the same event." (P0930, question 2:4)

The difference between the organisations regarding the AR systems potential as a

collaborative tool may perhaps be explained by the different responsibilities and

experiences of the organisations in operations like the one in the scenario. While the

police participants in the focus group discussion commented on the lack and need

of new technology in their organisation it seemed to be the opposite for the other

two organisations. The rescue services had just recently installed new systems

in their control room environment and the helicopter pilots are currently going

through a process of changing the current helicopter technology into new. This

could explain why the participants from the police department were more positive

towards adding new technology to their workplace than the other participants.

There are of course problematic issues with the system, and primarily these

problems were related to interaction aspects rather than the content of the

information. This was a drawback in the design - the tested system was a

prototypical system and not all design choices had been evaluated. In order to

have openness in the system all organisations could see all available symbols in the

menu, which means that they also needed to go through them while changing the

resources and contents of the map. This was not experienced as a major problem

in the pre study trial and was hence neglected in the design process. Clearly this

is an aspect of the system that needs to be addressed in future development.

However, the participants did not consider any of the symbols unnecessary, but

in further development the interaction will be re-designed. Personalising the menu

and symbol selection will make the interaction quicker and not as time consuming.
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However, the positive aspects of the new technology seemed to outweigh the

negative in most instances, and this quote can perhaps illustrate why:

"So many advantages to have a complete overview." (P0924,

question 1:6)

In emergency management and collaborative command and control operations the

general overview of the situation is important for the team to achieve a common

picture of the ongoing event. Having a complete overview of available resources and

where they are located is invaluable for information sharing and decision making.

The real time overview given by the AR system is a major contribution to the

creation of a common ground for the collaborative work.

The main goal of the study was to evaluate the potential of the technology as a

collaborative tool, and not to evaluate a finished design, and as such the study

was successful. The AR system was in many aspects comparable to working with

a paper map and adding ability to see and manipulate digital symbols and objects

seem to help create a common ground for the collaborative work. Many aspects

of common ground can of course not be solved simply by adding symbols and

objects to a map but the symbols and objects on the map can certainly help

illustrate the current state of the joint activity (the second essential component of

establishing common ground according to (Clark, 1996)). It could also be possible

to support (although not tested in this study) the users by allowing them to

’playback’ the situational picture, thereby helping them to understand why the

current situation looks the way it does (thus supporting also the third component

of common ground). This could be helpful especially in shift work when handing

over to a new team.

Even though the AR system is not yet final in design and implementation, the

professional opinions and comments gathered in this study are important for

future design and implementation. The results also clearly show the importance

of an iterative design process for AR applications. And as a new system it

performed particularly well as the evaluation indicates that in many aspects the

users experienced the AR application to be equally as good for collaboration as
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the paper map. It may not be able to replace a paper map in the near future (for

technical and regulatory reasons), but it definitely holds the potential to strengthen

collaboration by augmenting the shared situational picture.

5.4.2 The iterative design process

Working iteratively with re-design and evaluation, involving real users is invaluable

for several reasons. Firstly, it allows us to cope with the envisioned world problem

– by moving from making major changes to the system to minor changes, the

discrepancy between the envisioned usage and the actual usage slowly erodes. It is

however important to remember that the process is two-sided; the original vision

also changes as the designer begins to understand possibilities and limitations with

the system.

The iterative design of this application is by no means finished with this end

user study. As noted in the results, the interaction device needs to be carefully

designed to facilitate a situation where users not only access and modify their own

objects and information but also can access and modify objects and information

from other users. Not only is the interaction more complex than in a single user

application, as there are many more symbols to manipulate, users also manipulate

their own symbols more frequently than the others’ symbols. Regarding specific

design features the next iteration of this application will make sure to simplify

the interaction modality even further, taking note to the participants comments.

The click-and-drag feature requested by one participant was considered during the

development phase but was unfortunately not implemented due to time/resource

constraints at that time, but has been implemented since. The menu has also been

restructured to allow faster navigation.

5.4.3 Using Augmented Reality to establish common ground

One of the most interesting findings in this study was the fact that the participants

on most issues gave the AR system an equal or better score than the regular
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paper map. The quote by one of the fire fighters above; "Good! It gives a credible

situational picture and when you are secure in using the system my hope is that

you can focus more on your task and less on verbal communication" (RS0924,

question 3:6) gives a clear indication that the AR application designed has in

one important aspect reached it’s purpose. One of the most problematic issues

during command and control work in the field is the messy and cluttered map

over ongoing events. As several different actors give their input, and their view of

what is going on and what needs to be done in what order, the notes and sketches

tends to pile up, leaving a very difficult to read map (or white board or paper) to

interpret. The AR system allows all individuals to work on the same map, or in the

same interaction space, both individually as well as collaboratively. But the added

benefit of the AR system, compared to a paper map, is that it is possible to quickly

switch perspectives and follow one organisation at a time, as well as see the overall

view of all available resources and their status and distribution. The experience

of the AR system as less messy and cluttered than the paper map (Item 9 in the

first questionnaires) illustrates this issue. Even though the participants felt that

they had a good situational picture in both settings, the clutteredness of the paper

map compared to the AR map significantly affected their rating of the paper map

versus the AR system. The participants see a great potential in the AR system

to present them ’with a credible situational picture’ allowing them to focus more

on their actual task at hand rather than spend time on verbal communication,

talking about what resources are where and when.

5.5 General observations and conclusions of the

multi-user study

Paper maps are something that these participants are very used to working with,

whereas this study was the first time they ever encountered AR technology. The

high scores given to the AR system indicate that they actually can perform their

tasks to the same level of satisfaction as they normally perform, i.e. with a paper
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map. The participants did not consider it more difficult to achieve a common

situational picture with the AR system than when using an ordinary paper map,

nor did they regard the AR system to interfere with their communication to any

large extent.

Designing a single user AR application with a sequential interaction scheme is in

many respects relatively easy compared to designing applications for multiple users

performing dynamic interactive tasks. Simply converting a single user application

into multiple users may be technically relatively easy but the complexities of

the task demand careful consideration before adapting a single user system

into a multiple user one (which is often the case in many computer supported

collaborative applications (Fjeld et al., 2002)).

The results of the study clearly indicate that the AR system was experienced as a

possible future system not only for the task used in the scenario but also for other

tasks within the three organisations. AR technology is not limited to creating and

maintaining a common situational picture, it also has potential for training and

information sharing throughout the chain of command and control.
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Discussion of the user studies

When introducing new systems, like AR, in an activity, user acceptance is crucial.

The overall results, from both the individual and the multi-user application

studies, shows a system that the participants like rather than dislike and the

studies indicate that the participants would like to use AR systems in their future

professional life.

6.1 General observations

Interactivity is an important part of direct manipulating user interfaces and also

seems to be of importance in an AR system of the kinds investigated in these

studies. A couple of the participants who that in the single user studies did not

think it was possible to compare AR and human instructions, motivated their

response in that you can ask and get a response from a human, but the AR

system in the study did not have the ability to answer random questions from the

users. Adding this type of dialogue management and/or intelligence in the system

would very likely increase the usability and usefulness of the system, and also

make it more human-like than tool-like. However, this is not a simple task, but

these responses from real end users indicate and motivate the need for research

in this direction. Utilising knowledge from other fields, such as natural language
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processing, is one direction that would be interesting not only for HMD based AR

systems but perhaps also for mobile handheld AR applications, especially since

mobile phones already have the hardware needed for verbal interaction.

Human face-to-face interaction is perhaps the most common way to receive

instructions on how to operate new equipment, and by imitating this personal

interaction the AR system illustrates a big advantage to other forms of instructions.

The instructions are presented in real time right in the user’s field of view

allowing users to experience the instructions in actual context. This has the

potential to reduce cognitive load in that the user does not have to transfer

information from for instance a manual to the real world task. By confronting

a design for a new technology with tasks from real work rather than laboratory

settings allows problems that probably otherwise would remain unknown to

emerge. In a laboratory experiment or evaluation, the user is confronted with

a situation based on an assumption about what is relevant that often originates

from the researcher/evaluator. A common approach in many experimental studies

is to present the experiment participant with a "nonsense" task, deliberately

removing any connections to actual work. The CSE approach instead suggests

that conclusions about pros and cons of a new system should be drawn in its

intended use setting. This is especially true when concerned with tools that are to

be used by specialists in high-risk environments. A product like the ESG or the

troakar represents this kind of tool used for a high-risk task by skilled professionals.

It is also clearly a case where improved functionality in terms of instructions

is beneficial, since objective instructions has a potential to reduce erroneously

performed assemblies. Testing the concept of providing AR instructions together

with these instruments in a real-world setting thus reveal the pros and cons of a

design.

Another aspect of the system that becomes evident when observing users in

their actual work environment is its physical appearance and bulkiness largely

originating from the technical limitations of using video see-through HMDs.

Despite some physical issues with the AR system the users did complete their

respective tasks without any other assistance. However, effects of the physical
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intrusion of the system upon the user’s normal task should not be ignored. Even if

the system is lightweight and non–intrusive, it still may change the task and how

it is performed. In the worst case users may abandon the system if they experience

it as being too clumsy. Regardless of appearance, any system does affect the social

context of the task simply by being introduced as a new element. However, this

may not be a problem in the long run, if the system is a positive influence on the

task, user and context, it will with time and experience grow to be a part of the

task. This should be true for AR as it has been true for other technologies; for

instance the use of computers for writing papers - few students and researchers

today can image writing papers without the cut-and-paste functionalities of word

processors. To fully see the effects of introducing an AR system into a hospital or

emergency management environment a more longitudinal study may be required.

One aspect, not to be forgotten, is the positive results of the question of enjoying

the use of the system that was included in all studies. A majority of the participants

found the AR system fun to use and work with, and several of them also wanted

to use it as a part of their work. The technology acceptance model implies that

the perceived ease of use and perceived usefulness of a system is what determines

if users will actually use it in the end. The experienced ease of use is most likely

influenced by the enjoyment of using a system. If it is fun to use, it may be

experienced as easier to use, and vice versa. Entertainment in varying degrees is

an important usability factor for all user interfaces, even though there are obvious

examples of experienced usefulness being more important than both ease of use

and entertainment. Although user acceptance of the AR system in the studies

presented was high, there are several issues to overcome before AR systems can be

a reliable part of work in these environments. In the current setup the AR system

has some important shortcomings - the lack of dialogue for one thing. As pointed

out, the user must have the ability to interact more freely, for instance by asking

questions or issue commands.
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6.2 Introducing Augmented Reality in end user

environments

AR is a relatively new field in terms of end user applications and as such, the

technological constraints and possibilities have been the driving forces influencing

the design and development. This techno-centred focus has most likely reduced the

amount of reflection that has been done regarding any consequences, other than

the technical, of introducing the technology in actual use situations. The impact

of the way AR is envisioned (optic see-through and video see-through) has largely

taken focus off the use situation and instead lead to a focus on more basal aspects,

such as designing to avoid motion sickness and increasing the physical ergonomics

of the technology. However, these areas are merely aspects of the AR platform,

not of the applications it is supposed to carry and the situations in which they are

supposed to be used. Studies of AR systems require a holistic approach where focus

is not only on the ergonomics of the system or the effectiveness of the tracking

solutions. The user and the task the user has to perform with the system need to

be in focus throughout the design and evaluation process. It is also important to

remember that it is not always about effectiveness and measures; sometimes user

attitudes will determine whether or not a system is used and hence it is always

important to look at the actual use situation and the user’s attitude towards the

system.

The purpose of the system is another important issue when evaluating how useful

or user-friendly it is – is it intended for pleasure and fun or is it part of a work

setting? If it is somewhat forced on the user by it being part of everyday work and

mandatory tasks, the system needs to reach efficiency standards that may not be

equally important if it is used as a toy or entertainment equipment. If the system is

a voluntary toy the simplicity factor is more important than the efficiency factor.

However, if a system is experienced as entertaining, chances are it may actually

also be perceived as being easier to use. It is not a bold statement to claim that

a system that is fun and easy to use at work will probably be more appreciated

than a system that is boring but still reaches the efficiency goals. However, as the
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technology acceptance model states, if the efficiency goals are reached (i.e. the

users find it useful) the users will most likely put up with some hassle to use it

anyway. In the case of the user studies presented in Chapter 4, this means that

if the users actually feel that the AR instructions help them perform their task

they may put up with some of the system flaws, such as the hassle of wearing a

head mounted display or updating software etc, as long as the trade off in terms

of usefulness is good enough.

As discussed previously, there is a chance that the usability focused methodology

measures the wrong thing, many interfaces that people use of their own free will

(like games etcetera) may not score high on usability tests with novice users

as test participants, but are still used on a daily basis. It can be argued that

other measures need to be developed which are adapted to an interface like

AR. Meanwhile, the focus should not be on assessing usability but rather the

experienced usefulness of the system. If the user sees what he/she can gain by

using it they will most likely use it despite usability tests indicating the opposite.

The field of AR differs from standard desktop applications in several aspects, of

which the perhaps most crucial is that it is intended to be used as a mediator

or amplifier of human action, often in physical interaction with the surroundings.

In other words, the AR system is not only something the user interacts with

through a keyboard or a mouse. The AR system is, in its ideal form, meant to

be transparent and more a part of the users perceptive system than a separate

entity in itself. The separation between human and system that is common in

HCI literature is problematic from this point of view. By using an AR system the

user should perceive an enhanced or augmented reality and this experience should

not be complicated. Although several other forms of systems share this end goal

as well, AR is unique in the sense that it actually changes the user’s perception

of the world in which she/he acts, and thus fundamentally affects the way the

user behaves. Seeing virtual instructions in real time while putting a bookshelf

together, or seeing the lines that indicate where the highway lanes are separated

despite darkness and rain will most likely change the way the person assembles

the furniture or drives the car. This is also why the need to study contextual
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effects of introducing AR systems seems even more urgent. When evaluating an

AR system, focus has to be on the goal fulfilment of the user-AR system rather

than on the interface entities and performance measures gathered from evaluation

of desktop applications. This approach is probably valid in the evaluation of any

human machine system, but for historical reasons, focus often lays on only one

part of the system.

AR as an interaction method for the future is dependent on a new way of addressing

usability, if the focus is kept on scoring well in usability tests maybe we should

give up novel interfaces straight away. But if the focus is on the user’s subjective

experience and level of entertainment or acceptance, AR is an interactive user

interface approach that surely has a bright future.

6.3 Concluding discussion of the studies

The user studies all illustrated that methods like usability evaluations and user

studies in AR systems can be done with an approach that is usable for the specific

AR applications in focus. A general comment on the single user studies is that

even though they are set at a hospital, they still have similarities with a laboratory

setting. The scenarios are instructional class room type tasks, and not a part of

regular every day work although it is part of their introduction to the work place.

But what is more important is that the participants in all studies, both the single

and multi-user, are potential real end users. This makes the methodology used

in the studies more contextual than other traditional usability evaluations where

the user background and experience is not usually part of the participant criteria,

but rather treated as a demographic fact in the study. The approach in the user

evaluations in this thesis was more similar to participatory studies, where real end

users were involved in the development of the applications as well as the evaluation.

This approach to usability in AR systems has not been a dominating influence on

research in the field, but as illustrated by the studies presented in this thesis, it is

an approach worth using.

(    164    )



Chapter 6. Discussion of the user studies 149

In all studies, as well as the introductory sections of this thesis the problems

asserted with using traditional HCI measures to assess and evaluate non-traditional

systems such as AR systems have been discussed. The first single user study (the

ESG) provided knowledge about the experience of a particular user group when

they performed a task with the aid of AR instructions. The study was a user

study, where the analysis of the results was made with a CSE approach. One

finding in this study was that the participants did not relate to the AR system

as a computer, but rather found the technique as a new way of interacting. This

supports the arguments that approaching HCI issues in these systems is perhaps

not best done by applying the traditional approaches and methods. The analysis

of the system may give more insight to the user experience and future design

solutions if the focus is on more abstract and qualitative measures, such as user

experience, rather than having a focus on time, error rates and quantifiable data.

The general aim of the interaction and the joint cognitive system was in focus

throughout the setup of the study and the analysis of the user study. This did

provide a basis for discussing the results not in terms of quantitative data, but

rather in terms of qualitative observations about the AR joint cognitive system.

In this respect the CSE approach was imperative.

The second and third study (the two troakar studies) revisits the issues raised by

the first study, and presents a user study where a new case application is evaluated.

One issue that could be identified in the first user study was that the participants

preferred instructions form a human instructor, a co-worker or senior colleague at

their work place. In relation to this, an aspect that was found lacking in the MR

system was human-like traits such as interactivity – the ability to ask questions

and get responses from the system. Ideally some kind of intelligence should be

implemented in the MR system, with dialogue management and voice interaction

capabilities. The dialogue management problem has proven to be too complex to

implement in the current project, but the voice interaction implementation was

a step that could be taken. So, as a result of the first study, the system was

redesigned and enhanced with voice control capabilities and the system did not

only present visual instructions but also audio. That is, the participants in the
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first troakar study received instructions both verbally and visually, and were able

to respond verbally to the system. For some of the users this seemed to give a

more human-like interaction with the system. In general, the results in the study

were similar to those of the first study, although the redesign of the system did

result in improved user experience.

The multi-user study was based on the same methodological user centered

approach as the single user studies and Chapter 5 describes the co-located

collaborative AR application which enables the users to share information and

actively take part in an ongoing scenario. The aim of this study was not to evaluate

performance, but rather to evaluate the potential of the AR system in supporting

the creation of a common situational picture in a collaborative team task and the

user experience of the AR system. The analysis was focused on the collaborative

aspects of AR. In general the results indicate that users are positive towards the

system, and that they experience it as a support in building and maintaining a

shared situational view. The results of the study illustrate that the participants

could work as successfully with the AR application as with the paper map. The

system is thus a good candidate for a future collaborative support system for

helping teams create common ground while coping with dynamic tasks.

The particular problem of enabling a shared view of gestures at the same time as

presenting a virtual background was perhaps a consequence of adapting single-user

AR technology to a multi-user setting. The system now allows augmentation of

not only the individual users view but it allows each user to effect and change their

team members view of the ongoing situation, which is fundamental to the definition

of a collaborative AR system. This illustrates the potential of AR, not only in

shaping collaborative real world tools, but also as a tool to study collaborative

work on a more theoretical level for future applications. A future research focus

could be to examine how AR can be used to support commanders working with

a shared representation in a distributed setting. As the system supports deictic

gesturing and collaborative manipulation of symbols even when the users are

located separately, this could provide an interesting possibility.
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Conclusions

One aim of this thesis has been to illustrate how a systemic approach can be used

in the development and evaluation process of AR applications. During the first

study it became apparent that the end users did not perceive the AR system as

just another computer application. This insight was valuable for the development

and evaluation of the following studies – both in terms of how the interaction was

implemented but also in terms of evaluation methods. Table 7.1 gives an overview

of the most important results from the user studies presented in this thesis, as well

as illustrates how the earlier studies informed the later studies.

What can be concluded from the studies is also that the main area of improvement

and development for these applications have been the interaction aspects. This

is in line with the point made by Billinghurst et al. (2009) where they point

out that this is the aspect that has been lost in the development of AR systems

as much focus has been on more technical issues like tracking and registration

while the interaction aspect of AR has been left out. AR users have for the larger

part only been passive recipients of information, rather than an active participant

in an interaction with the virtual information that augments their environment.

In order to achieve the ideal visionary, non intrusive and intuitive Augmented

Reality system, the interaction with the system must be seamless and natural

much like everyday human communication. Technologies like gesture based, and

haptic as well as speech based interaction need to be further incorporated into
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Table 7.1: A summary of the results and main contributions of the end user
studies.

AR systems. Another type of interaction that is being explored is the use of eye

gaze interaction (Nilsson et al., 2007, 2009). Eye gaze is a very important part of

human communication and can also be a part of the users communication with

the system.

In the health care examples, where the application was rather static and sequential

in nature, the results show that an instructional AR application, used as a

support system for when no experienced professional is around, can very well

be implemented as of today. With the expanding market of new capable platforms

in the shape of smart phones, it should be relatively easy to create instructional

AR applications for any assembly task. However, as the studies indicate, handheld

devices are not ideal, as they are more intrusive on manual tasks limiting the users

ability to interact naturally with their other tools, so perhaps the significantly

useful AR implementations will have to wait for the "ultimate HMDs" that will

hopefully be available in the near future.

Although the main commercial area for AR applications now seems to be mobile

phone based applications, much can be learned from studies of HMD systems.
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In regards to the multi-user application described in chapter 5, my conclusion is

that before any implementation into the real user context can be done, there

is a need for further studies on organisational effects of the technology. This

is in order to prevent the new technology from interfering with effective work

practices and to avoid undermining years of experience and training in how to

collaborate in dynamic emergency management tasks. The study illustrated that

AR has potential in this domain and that applications can be built to support

this user group; The participants in the study appreciated the positive effects

of the ability to access a shared, yet personalised, view of an ongoing complex

scenario. In addition to this the AR application as it is today can also be used as a

tool for training and relatively low-cost simulated exercises for cross-organisational

collaboration.

This thesis has presented four end user studies of three different AR applications

and the lessons learned on design and development from all the studies can be

summarised as follows:

• Involve real end users in the design of the system/application development

process

• Involve real end users in the design of the user study task

• In order for real end users to feel involved in the task, make sure the task,

or scenario, is realistic and not artificial

• Do several design iterations

• Involve real end users in the evaluation of the application

These conclusions are valid for both single user and multi-user applications and

are perhaps the only general guidelines that can be identified for the development

and evaluation of AR systems. All applications must be developed with the end

user in focus, and in order for an application to be used in a real work environment

it has to be part of a real world solution and not only a technical gimmick.
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Appendix

Instruments used in the studies

Enclosed are the instruments used in the studies:

• Interview guide for study 1

• The questionnaire used in study 1

• The questionnaire used in study 2 and 3

• The three questionnaires used in study 4

• The guide used in the focused group discussion in study 4

• The observation protocol used in study 4

All documents have been translated to English by the author.
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Questions before the trial (nurses with experience of the Diathermy Apparatus, DA) 
 
All questions translated from Swedish 
 
1.  For how long have you been working with Diathermy apparatuses? 
 
2.  How often or to what extent? 
 
3.  How were you instructed before the first time you used it? (verbally, on paper, 

instructional video etc) 
 
4.  Have you experienced any problems during use of the DA? 
 
5. How would you prefer to receive instructions on new equipment?  
 
 
Questions before the trial (nurses with no prior experience of the DA) 
 
1. Do you use technical equipment/technical tools in your work? 
 
2. How often/to what extent do you use this equipment? 
 
3. How were you introduced to it? 
 
4. Have you experienced any problems in using technology in your work? 
 
5. How would you prefer to receive instructions on new equipment? 
 
 
Interview questions after the trial (both experienced and inexperienced DA users) 
 
1. What were your impressions of the MR system? 
 
2. Was there anything you felt was difficult or strenuous? 
 
3. Was there anything you thought was good/positive? 
 
7.  How did you experience the interaction? Can you relate it to something else? 
 
8.  What would you change in the system? 
 
9.  What do you think about this way of giving instructions? 
 
11. Can you think of any other situation where a system like this could be useful? 
 
12. How would you design the system? (considering ergonomics, glasses etc) 
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On the next page there is a set of open ended questions for you to answer. 
  Turn the page! 

Questions regarding the Augmented Reality system (translated from Swedish) 
 
Below are a number of statements, consider them carefully and decide to what extent you 
agree or disagree. Cross in the check-boxes. 
 
Statement    Agree   Disagree  

completely  completely 
 
1. I have experience with 3D graphic computer  
     games. 
 
2. I am interested in new technology. 
 
3. I have a lot of computer experience. 
 
4. It was easy to understand the instructions. 
 
5. The text was difficult to read because of the 
    colour or size. 
 
6. It took a long time to learn how to use the system. 
  
7. This system is difficult to use. 
 
8. I felt I had control over the system. 
 
9. I would like to use this type of system to  
    recieve instructions in my work. 
 
10. I would like to use this type of system 
      in other situations than work.  
 
11. With this system I can put objects that are new 
      to me together. 
 
12. I feel confident that the system gives me 
      correct instructions.  
 
13. I would rather receive instructions from a person 
      (teacher/tutor). 
 
14. This system is clumsy to use. 
 
15. This system does not have any flaws. 
 
16. During the trial I felt nausea, dizziness or  
      discomfort. 
 
17. This system is fun to use. 
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Open questions (answer as lengthily as you like) 
 
1.  For how long have you been working as a nurse/physician? 
 
2. Does your job often entail encountering new technology or equippment? 
 
3.  How were you introduced to the technology/equippment that you use in your job (please 

also answer when the introduction took place; during your education or at your place of 
work)? 

 
4. What are your impressions of the AR system? 
 
5.  Was there anything you felt was difficult or strenuous? 
 
6.  Was there anything you thought was good/positive? 
 
7.  How did you experience the interaction? Can you relate it to something else? 
  
8.  What would you change in the system? 
 
9.  What do you think about this way of giving instructions? 
 
10. How would you prefer to receive instructions on how to use new       
      technology/equipment? 
 
11. Can you think of any other situation where a system like this could be useful? 
  
12. How would you design the system? (considering ergonomics, glasses etc) 
 
13. Can this be compared with receiving instructions from a teacher/tutor/instructor? 
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On the following pages there are a number of questions that you can respond to in as much 
detail you want. 
  Turn page! 

Evaluation of collaboration with the paper map 
 
Position: __________________________________ 
 
Presented below are a number of statements. Consider if you agree or disagree with them and 
to what degree, then check the boxes. 
 
Statement    Completely   Completely  

agree  disagree 
 
1. It took a long time to start to cooperate. 
 
2. It was easy to cooperate. 
 
3. I think that the map is a good tool for 
    collaboration. 
 
4. The collaboration was fun. 
 
5. I felt that the group was in control of the situation. 
 
6. It was easy to mediate information between the 
    organisations. 
 
7. The map made it easy to achieve a common 
    sitaational picture. 
 
8. The symbols made it easy to achieve a common 
     situational picture.  
 
9. The map became messy/cluttered. 
 
10. I would have liked to have more information 
      than what was available 
 
11. I felt certain that I could interpret what was  
      on the map. 
 
12. The map helped me trust the situational  
      picture. 
 
13. The symbols helped me trust the situational 
      picture. 
 
14. I thought I had a good situational picture. 
 
15. I thought that the others had a good situational  
     picture. 
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Open questions (respond in as much detail you want) 
 
1. What where the best aspects of the paper map for collaboration (feel free to mention 
several things)? 
 
 
 
2. What where the worst aspects of the paper map for collaboration (feel free to mention 
several things)? 
 
 
 
3.  Did anything make it difficult to collaborate and if so, what? 
  
 
 
4.  Did you experience anything that was positive with the collaboration and if so, why? 
 
 
 
 
5.  What would you change in order to improve the collaboration?  
 
 
 
6.  What is your opinion on using paper maps in these types of situations (please 
motivate)? 
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On the following pages there are a number of questions that you can respond to in as much 
detail you want. 
  Turn page! 

Evaluation of collaboration with the AR system 
 
Position: __________________________________ 
 
Presented below are a number of statements. Consider if you agree or disagree with them and 
to what degree, then check the boxes. 
 
Statement    Completely   Completely  

agree  disagree 
 
1. It took a long time to start to cooperate. 
 
2. It was easy to cooperate. 
 
3. I think that the AR system is a good tool for 
    collaboration. 
 
4. The collaboration was fun. 
 
5. I felt that the group was in control of the situation. 
 
6. It was easy to mediate information between the 
    organisations. 
 
7. The AR system made it easy to achieve a common 
    sitaational picture. 
 
8. The symbols made it easy to achieve a common 
     situational picture.  
 
9. The map became messy/cluttered. 
 
10. I would have liked to have more information 
      than what was available 
 
11. I felt certain that I could interpret what was  
      on the map. 
 
12. The AR system helped me trust the situational  
      picture. 
 
13. The symbols helped me trust the situational 
      picture. 
 
14. I thought I had a good situational picture. 
 
15. I thought that the others had a good situational  
     picture. 
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Open questions (respond in as much detail you want) 
 
1. What where the best aspects of the AR system for collaboration (feel free to mention 
several things)? 
 
 
 
2. What where the worst aspects of the AR system for collaboration (feel free to mention 
several things)? 
 
 
 
3.  Did anything make it difficult to collaborate and if so, what? 
  
 
 
4.  Did you experience anything that was positive with the collaboration and if so, why? 
 
 
 
 
5.  What would you change in order to improve the collaboration?  
 
 
 
6.  What is your opinion on using paper maps in these types of situations (please 
motivate)? 
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On the following pages there are a number of questions that you can respond to in as much 
detail you want. 
  Turn page! 

Evaluation of the AR system 
 
Position: __________________________________ 
 
Presented below are a number of statements. Consider if you agree or disagree with them and 
to what degree, then check the boxes. 
 
Statement    Completely   Completely  

agree  disagree 
 
1. It was easy to use the AR system. 
 
2. The map was difficult to the colours. 
 
3. The map was difficult to read due to image  
    resolution. 
 
4. The map was difficult to read due to the symbols. 
 
5. It took a long time to learn to use the AR system. 
 
6. There were too many symbols in the AR system. 
 
7. There were too few symbols in the AR system.  
 
8. I thought that the interaction tool was easy to use. 
 
9. I would like to use the AR system in my work. 
 
10. I would like to use the AR system in other 
      situations than work.  
 
11. I felt confident that the AR system gave me  
      correct information.  
 
12. The AR system was clumsy to use. 
 
13. The AR system had no major flaws. 
 
14. I felt sick during the trial. 
 
15. I felt dizziness during the trial. 
 
16. I experienced discomfort during the trial. 
 
15. The AR system was fun to use. 
 
16. It took a long time to learn how to cooperate 
      using the AR system. 
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Open questions (respond in as much detail you want) 
 
1.  For how long have you worked in your current position?  
 
 
 
2. Do you often come encounter new technology or new equipment in your work? (If 
yes, please describe what type and if you experience it as positive or negative) 
 
 
 
3. What were your general impressions of the AR system? 
 
 
 
5.  Was there anything that you experienced as troublesome and if so, what?  
 
 
 
6.  Was there anything you experienced as positive and if so, why? 
 
 
 
7.  How did you experience the system? Is it comparable with anything else? 
 
 
 
9.  What do you think about this way of presenting information (please motivate)?  
 
 
 
10. Is there any other situation where this type of system could be useful? 
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Focused group discussion (ca 40-60 min)  
 
Issues for discussion: 
 

- The scenario 
o Was the scenario realistic? 

 How important is realism in this type of exercise? 

o How can you get participants to act more – what type of tasks or events creates 

most interaction between the organisations according to your experience? 

o Did you think that the scenario demanded that you collaborate? 

o Did you feel a need for more/less information from the other organisations?   

o In what situations do/did you need access to the other organisations knowledge 

or information? 

 
- The AR system  

o How do you think the interaction worked? 

 Easy? Difficult? Difficult to learn? 

o Do you have any suggestions for how the AR system could be changed? 

o How often did you use the possibility to retrieve extra information about the 

objects on the map? 

 Was there any information missing? 

o Was it fun to use the system? 

o Was it tiresome/exhausting to use the system? 

o How important is the realism of the symbols? 

 3D? 

- The AR system and collaboration 
o How did you think that the AR system worked for collaboration? 

o Are there other things you would like to add to the map that would facilitate 

collaboration? 

o Is there anything else that you could do with the AR system to facilitate 

collaboration? 

o Is it easy to work with the AR system in a group? 

o Did you at any point experience that the AR system disturbed your work? 

o Did you at any point experience that the AR system facilitated your work? 
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- Communication/shared situational picture 
o Was it good that you did not see all information about all objects at the same 

time? 

o Was the system useful in creating a common/shared situational picture? 

 Does the ability to see each others symbols facilitate when trying to get an 

understanding of the situation? 

o Was it faster to reach an understanding of the situation with or without the AR-

system? 

o Did you experience any difference in how long it took to get an overview of the 

situation when you used the AR system compared to a regular paper map? 

o Was it more or less messy with the paper map compared to the AR system? 

o Did you think that the AR system prevented natural communication? 
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Cast (in order of appearance)

The End
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Co-Supervisor (2005-2010)................................................................................................................Björn Johansson
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Casting Directors....................................................................................................................Margaretha Fredriksson

..............................................................................................................................Carina Zetterberg

...............................................................................................................................Håkan Evertsson
...............................................................................................................................Christer Carlsson
..................................................................................................................................Peter Hagsköld

Songs (in no particular order)

“Valiant Visions Dawn”
Magna Carta Cartel

“Ghostss I-IV”
Nine Inch Nails

“All the Love in the World”
Nine Inch Nails

“747”
Kent

“Something I can Never Have”
 Nine Inch Nails

“Celsius”
Kent

“Vals för Satan”
Kent

“Berlin” (Simon Branting remix)
Kent

“Blasphemous Rumours”
Depeche Mode

“Photographic”
Depeche Mode

“But Not Tonight”
Depeche Mode

“It’s No Good”
Depeche Mode

“Kingdom”
Dave Gahan

“Deep Red”
Apoptygma Berzerk

“Play With Fire”
Rolling Stones

“Fake Empire”
The National

“Leviathan”
Covenant

“Destroy Everything You Touch”
Ladytron

“When Your Minds Made Up”
The Frames

“Falling Slowly”
The Frames

“The Beach”
Nick Cave & Warren Ellis

“The Road”
Nick Cave & Warren Ellis

“Tiny Dancer”
Elton John

“Tokyo”
Vive la Fête

“Noir Desir”
Vive la Fête

“Satie: Pieces for Piano”
Yuji Takahashi

“Seven”
Fever Ray

“Corporate Cannibal”
Grace Jones

“Keep The Streets Empty for Me”
Fever Ray

“Heroes”
David Bowie

“Working Class Hero”
John Lennon

“We care a lot”
Faith No More

“Heartbeats”
The Knife

“Death”
White Lies

“Midlife Crisis”
Faith No More

“Society”
Eddie Vedder

“The Man Comes Around”
Johnny Cash

“In Your Honor”
Foo Fighters

“Sam, as in Samantha”
Tiger Lou

“Notas”
Gotan Project

“Voodoo People”
The Prodigy

“Blue Monday”
New Order

“Wise Up”
Aimee Mann

“Stop Making Speeches”
Khoma
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Life is not easy for any of us. But what of that? We must have perseverance and above all confidence in ourselves. 
We must believe that we are gifted for something and that this thing must be attained.

 Marie Curie

“Poker Face” (Miami Vice mix)
Magna Carta Cartel

“Dead Souls”
Joy Division

“Bizarre Love triangle”
New Order

“Fanfanfan”
Thåström

“Relator”
Pete Yorn & Scarlett Johansson

“Piano Works”
Debussy

“I Wish I Knew How It Would Feel To Be Free”
Nina Simone

“LA Woman”
The Doors

“You’re So Vain”
Carly Simon

“Faustline”
The Mount Fuji Doomjazz Corporation

“Hello, I Love You”
The Doors

“Daniel”
Lior

“Panzermensch”
And One

“Running”
The Hate Game

“Assimilate”
Skinny Puppy

“Swallow It” (regurgitated)
Fad Gadget

“Beatific”
Glass Candy

“What Else Is There?”
Röyksopp

“Dance Pieces”
Philip Glass

“Love Her Madly”
The Doors

*A few whose importance cannot be exaggerated enough: Jeanette, Dana, Lollo, Kattis, Linda, Görel, 
Cartman, Minna, Martin M, Anna, Anette, Rebecca, Martin H, Magdalena, Felix, Andreas, Dena, Elin, 
Stewie, Anders, the latte at Prego, Haruki Murakami and of  course the Dingo on Frasier Island, Mia the 
koala at Cleland Wildlife Park in Adelaide and the Australian green tree frog in Alice Springs...

“Life After Sundown”
Glass Candy

And finally, thank you Billie Holiday 
for all your songs.

“Dollhouse Decoration”
Magna Carta Cartel

“Red Dirt Girl”
EmmyLou Harris

“Youre Spekaing My Language”
Juliette & the Licks

“Control (I’m Here)”
Nitzer Ebb

“Eraser”
Nine Inch Nails

“The Girl And The Robot”
Röyksopp

“Monster Hospital” (Mnstrkrft remix)
Metric

“Just Like Honey”
Jesus and Mary Chain
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