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ABSTRACT 

Many exciting and promising application areas of mobile context-aware 

computing have emerged in recent years, such as tourist guides and navigation 

systems for visually impaired people. However, many researchers express grave 

concerns about the limited appreciation of human and social issues in design: 

usability issues remain unresolved particularly relating to mobile computer settings, 

and existing user-centred design approaches/frameworks are still in their infancy. 

This thesis proposes a framework to advance user-centred approaches to designing 

context-aware systems in order to help application developers (i) build richer 
descriptions or scenarios of mobile computer settings, and (ii) identify key human 

and social issues affecting the usability of their context-aware system. After a 

critical review of literature, a multidisciplinary model of context was developed in 

order to bring together theories, and proposed models, of context in Psychology, 

Linguistics, and Computer Science. This invaluable exercise illustrated the 

implications those theories have for context-aware computing. Three key 

perspectives of the multidisciplinary model were then used to investigate the issue of 

personalisation of context-aware services, focusing mainly on navigation services for 

visually impaired people. Firstly, the `user's context' was investigated, where 

significant differences were found in the use of landmarks to navigate by people with 

a central vision loss, people with a peripheral vision loss, and registered blind people. 

Secondly, the `application's context' involved designing context-aware services for 

transmission to participants within indoor and outdoor routes. Thirdly, the 'user- 

application's context', which brought together the first two perspectives, was 
investigated where it was found that certain groups were more effective at reaching 
landmarks when being given information that derived from people in the same visual 
impairment category. The multidisciplinary model, and the studies investigating its 

three key perspectives, were combined to form a user-centred framework for context- 

aware design. Key contributions included (i) richer modelling of user-interface 

interaction in mobile settings, and (ii) an augmentation to existing user-centred 

design approaches which includes not just meaningful activities of the user but also 

incidental and unpredictable activities that occur frequently in mobile settings. 
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CHAPTER I 

INTRODUCTION 

1.1 Motivation 
When people talk to one another, the context influences how their words and 

phrases are constructed, spoken, and interpreted. The phrase `look at those 

monkeys', for instance, would be spoken and interpreted differently when visiting a 

zoo as opposed to commenting on the standard of my local football team! Humans 

are, in fact, very well attuned to making fine judgements about their context; not just 

for forming and interpreting dialogue but also for carrying out physical actions or 

activities. Most of the time we are able to do this without much conscious decision, 

analysis, or discretion. But the extent of this ability becomes quite impressive when 

we look deeper into the dimensions of context that influence social interaction and 
human behaviour. During a conversation, for instance, dimensions may include the 

relationship of those participating in communication; the physical location in which 

dialogue occurs; the purpose or motivation of conversation; the people surrounding a 

conversation taking place; the mutual perception of each other's knowledge, 

experience, intelligence and abilities; the nature and content of past conversations; 

the interpretation of each other's expressions and emotions; and the current time of 

day, week, month, or year. Humans could therefore be described as being context- 

aware as they are able to adapt their dialogue and behaviour to, and interpret actions 

and dialogue within, a particular situation, circumstance, or context (some better than 

others of course! ). 

Unfortunately, most traditional desktop computers and mobile computers (e. g. 

laptops, mobile phones, palmtops, etc. ) are unable to make similar judgements about 

context when they attempt to communicate information to people. Such interfaces 

are therefore context independent, since they are unaware of who or what is 

surrounding the user, and so are unable to adapt to the surrounding environment. 

Except for limited examples such as context-sensitive menus on right click, 
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traditional user-interfaces rely mostly on explicit user input to determine what 

information to provide or services to execute. Only the user's command is supported 

resulting in an unnatural and forced pattern of behaviour (when we consider human 

dialogue) causing the user to be caught up in a loop. This style of interaction is not 

only inappropriate for many modem computer settings, but is also time-consuming, a 

demand on the user's attention, and likely to lead to frustration caused by a mismatch 

between what the computer is capable of doing, and what the user would like it to do 

given his/her current situation or context. Consider the following situation that I 

experienced recently: 

My friend Luke, whom I had not spoken to, for quite some time, called me 

unexpectedly on my mobile phone. During our conversation, I was interrupted by an 

alert on my mobile phone informing me of a reminder that 1 had set two weeks 
before. Momentarily interrupting Luke, I checked to see what was on the phone's 
display. Since I was given the option to either accept or reject viewing the reminder, 
I decided to reject so I could return quickly to my conversation. Unfortunately, a few 

minutes later the alert sounded once again and this time 1 accepted viewing the 

reminder in order to prevent being interrupted_for a third time. 

In this situation, I was forced into dealing with the reminder during my call 

since my mobile phone was unable to make any contextual analysis of my current 

situation; it was simply executing an explicit command given by me. A more 

appropriate response, using some limited contextual information such as call status 

and whom I was speaking to, would have been to alert me after I had finished my 

call. The procedure in setting a reminder may also need to include a setting asking 

me to attach a priority level, so that in the case of a high-priority reminder an 

interruption during my call may have been warranted. 

The transition from desktop computing to mobile computing has, in recent years, 

become more prevalent, as is evident in the pervasive use of mobile phones, 

palmtops, and other mobile devices. People now want access to services, 

information, and technologies that are typically found on desktop computers, as well 

as integrated multimedia technologies such as photo and video capturing. Although 

many internet-based services on mobile devices move closer to the ideology of 
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information anytime and anywhere, the user still needs to use techniques similar to 

desktop interfaces to retrieve information. Researchers have indicated that this style 

of interaction does not transfer well to mobile devices since people are moving 

through complex and dynamic environments involving a myriad of interactions with 

other people and objects. People are therefore unable to focus exclusively on one 

task and are frequently subjected to incidental, unpredictable, or unexpected 

events/interruptions. In addition, interaction with the mobile device may be a 

secondary task, or be of lesser importance than other tasks such as engaging in 

conversation. Many researchers believe that more research is needed to investigate 

user-computer interaction in mobile settings. Many researchers also believe that the 

task analysis techniques used for carrying out those investigations need to be 

augmented in order to account for the dynamic and unpredictable nature of users and 

environments. While these are challenging, complex, and largely unanswered, issues 

in usability research, this thesis aims to provide a significant contribution to research 
investigating mobile computer settings and to the techniques used to analyse those 

settings. 

Adapting to changes in the environment is at the heart of context-aware 

computing where it is envisaged that, by adding context, computers could (i) provide 

more relevant and useful location- and task-specific feedback by using, say, the 

user's current location, the time of day, and the user's electronic personal diary, (ii) 

make user interaction more natural and personalised, thus increasing the richness of 

communication, and (iii) be more dynamic by adapting to the continuously changing 

situation of the user. Although still largely based on research prototypes, context- 

aware computing seeks to completely redefine the basic notions of interface and 

interaction by inferring user actions, thereby minimising traditional user-driven 

interaction. Accessing a wide variety of contextual information is also now viable 

partly due to the enhanced sensing capabilities that can be integrated into mobile 

applications. This trend is likely to continue in light of Weiser's (1991) vision of 

ubiquitous or pervasive computing, where computers could be embedded in everyday 

objects allowing vast amounts of contextual information to be exchanged in an 

interconnected environmental infrastructure. 
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Services based on location-awareness, which is often one facet of context- 

awareness, have become more widespread, particularly the use of integrated GPS 

technology for in-car and handheld navigation systems, both of which have been 

commercially available and successful for a number of years. Although the 

exploitation of location-aware services is still in its infancy, this is expected to 

change once the U. S. A. enhanced emergency mobile phone legislation (E911) takes 

affect requiring 95% of mobile phones to provide an accurate location whenever an 

emergency call is made (similar initiatives are underway for 112 calls within the 

E. U.; see http: //www. fcc. gov/911/enhanced/). Research initiatives exploring 

location-aware services on mobile devices include applications that provide 

information on nearby amenities (e. g. `where's the closest... ') and applications that 

adjust their state, services, and feedback depending on its location (e. g. mobile 

phones that automatically mute when in the cinema or in a meeting). Other location- 

aware systems include applications which aim to minimise call-out times of the 

police, and emergency and breakdown services, by matching an incident to the 

closest ambulance, police car, or breakdown van. 

Context-aware services are very similar to location-aware services, except that a 

wider variety of information about the user's context is used to infer and support the 

user's mobile activities. Context-aware services have also been exploited for many 

promising applications and good examples, which are discussed in more detail later, 

include (i) context-aware mobile tourist guides that recommend places to visit based 

upon, for instance, the current location, the tourist's personal preferences, and the 

opening times of attractions, (ii) context-aware computing for medical work in 

hospitals, such as a context-aware pill container and a context-aware hospital bed, 

both of which adapt to what is happening in their context, and (iii) context-aware 

systems that offer navigation and orientation assistance to visually impaired people; 

the topic of which is a major focus of the work presented in this thesis. The latter 

example illustrates some obvious benefits, which include (i) augmenting visually 

impaired people's spatial orientation and contextual knowledge of the environment 

beyond what can be sensed from traditional mobility aids such as white canes and 

guide dogs, and (ii) minimising user-driven interaction in order to allow visually 

impaired people to focus more on environmental learning and hazard identification. 
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Adaptive or intelligent systems have in fact been around for a while, and good 

examples can be seen in aircraft safety-critical systems (e. g. obstacle avoidance 

systems that automatically realign aircraft if entering an unsafe distance from another 

aircraft) and, on a smaller scale, central heating thermostats that switch on and off to 

maintain a specified air temperature. These examples are centred on very precise 

context triggering criteria (i. e. distance and temperature thresholds), and have been 

highly effective for their specific purpose. However, when multiple context 

triggering criteria is brought together (which is the premise of context-aware 

computing) it becomes far more complicated to infer a suitable course of action. 

There are plenty of examples of context prediction tools that have been ineffective, 

ranging from the pop-up help wizard in Microsoft Word asking if you want help 

writing a letter, to the pop-up dialogue box appearing after inserting a pen drive 

asking if you want to copy picture files to your computer even though the pen drive 

contains predominantly more files of other types. In such situations, the user ends up 

feeling frustrated and annoyed at having to deal with events that had not been 

requested in the first instance. 

For context-aware systems to be successful, many researchers believe it is the 

human and social issues of design that need to be resolved. Other than the more 

publicised privacy and security issues of personal user information, there is a danger 

that too much of the user's context is inferred, resulting in intrusive services that 

bombard the user with ill-timed, irrelevant information. What assumptions, for 

instance, can be made or inferred about a user's situation from sensed data? How 

would the application adapt to evolutionary changes of users and environments? 

How would information be adapted or personalised for different users and user 

groups? With respect to visually impaired people, requirements and visual abilities 

change considerably, as described by Orientation and Mobility Specialists, and so 

many of these issues would be critical to their safety, especially in cognitively 

demanding or contextually rich mobile situations. Visually impaired people present 

a particularly challenging and varied research application of context-aware 

computing, and for this reason this topic was chosen to be a major focus of this 

thesis, which reports on a series of user studies investigating the differences between 

users and the environments in which they interact. 
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To address human and social issues in design requires a better understanding of 

what the notion of `context' means, particularly the user's context during different 

mobile activities and within different mobile settings. This gap in knowledge is 

noticeable when examining existing processes or frameworks for designing context- 

aware applications, which have been predominantly software-orientated and show a 

distinct lack of understanding and appreciation of the user. Although an active 

research area within many disciplines including psychology, linguistics, and more 

recently computer science, the notion of context is still not fully understood, which is 

evident in the contrasting interpretations across and within various disciplines. There 

is a strong case for tackling issues of context from a multidisciplinary perspective. 

Many computer scientists argue that experts in several technological domains such as 

software engineers, user interface experts and radio experts need to be brought 

together in order to draw upon cognitive science, user experience and situation into 

the computer system design process. For instance, an understanding of theories 

within linguistics provides an insight into how information given by the computer 

should be adjusted and communicated for different contexts and situations. Whereas, 

an understanding of psychology provides an insight into (i) the cognitive processes 

that underpin a user's decisions and behaviour especially in response to incidental 

events, and (ii) how people acquire and use spatial information in the environment to 

orientate and navigate. 

In order to make a significant contribution to the limited body of user-centred 

research in context-aware computing, much of this thesis brings together cross- 

disciplinary theories of context as a means to better understand and capture key 

human and social issues, such as those discussed in the last paragraph. 

1.2 General aim 
The primary aim of this thesis is to propose a user-centred and multidisciplinary 

design framework for context-aware computing. The purpose of this work is to help 

application developers (i) build richer descriptions and scenarios of how their 

context-aware system might be used in different mobile settings, and (ii) capture key 

human and social issues affecting the usability of their system. It is worth noting that 

this thesis will not contribute to the technological and software solutions to context- 
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aware development, concerning for instance the actual process in sensing, storing, 

managing, and interpreting contextual information; areas of which are researched 

extensively in middleware design. A more detailed list of my research aims will be 

covered at the end of the literature review in section 2.9. 

1.3 Thesis outline 
This thesis proposes a user-centred framework for designing context-aware 

applications in order to address the limited appreciation of human and social issues in 

research and development. The reader is taken through various stages leading up to 

the proposed framework. In Chapter 2, an extensive literature review will be 

described focusing initially on application areas, usability issues, and design 

techniques of mobile context-aware computing research. Cross-disciplinary theories 

of `context' will then be described in order to understand better the mobile settings in 

which a context-aware system might operate. This involved proposing single context 

models that were used to represent the views of researchers in each discipline. The 

last two sections of the review will discuss wayfinding and cognitive mapping 

research since the main application area of this thesis concerns the design of context- 

aware navigation services for visually impaired people. These areas of research 

provide an insight into how people navigate, particularly how contextual information 

in the environment is used to make decisions regarding spatial activity. 

In Chapter 3, a multidisciplinary model of context will be proposed and 

described. This model brings together the single discipline context models from the 

last chapter and is used as a foundation on which to conduct a series of user studies 

investigating the prominent issue of personalisation of context-aware services. Three 

key design perspectives of the multidisciplinary model were investigated, each of 

which forms a separate chapter. 

In Chapter 4, the `user's context' was investigated with respect to the navigation- 

based activities carried out by sighted and visually impaired people and their use of 

landmarks and cues in the environment to navigate. In Chapter 5, the design of the 

`application's context' will be described, focusing on the transmission of different 

context-aware services for indoor and outdoor environments. In Chapter 6, the 

investigations of the user's context in Chapter 4 and the design of the application's 
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context in Chapter 5 are brought together to investigate the user-application's 

context. This concerned a large-scale user study investigating how effective 

different groups of visually impaired people were at reaching destinations when 

different conditions of context-aware information (the contents of which were 

designed using the results from Chapter 4) were transmitted to them (using the 
designed application's context in Chapter 5). 

In Chapter 7, the user-centred framework is proposed and discussed. The 

framework brings together the multidisciplinary model of context and the studies 

investigating the user's context, application's context, and the user-application's 

context. A user study is also undertaken investigating how effective the framework is 

for identifying key human and social issues of design. In the eighth and final 

chapter, the work detailed in this thesis will be concluded and areas for further 

investigation will be discussed. 
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CHAPTER 2 

CRITICAL REVIEW OF THE FIELD 

In this chapter an extensive literature review will be described focusing initially 

on application areas, usability issues, and design techniques of mobile context-aware 

computing research. Cross-disciplinary theories of `context' will then be described 

in order to understand better the mobile settings in which a context-aware system 

might operate. This involved proposing single context models that were used to 

represent the views of researchers in each discipline. The last two sections of the 

review will discuss wayfinding and cognitive mapping research since the main 

application area of this thesis concerns the design of context-aware navigation 

services for visually impaired people. These areas of research provide an insight into 

how people navigate, particularly how contextual information in the environment is 

used to make decisions regarding spatial activity. 

2.1 Context-aware mobile computing 
The original vision of ubiquitous computing (now often called pervasive 

computing) was propounded by Mark Weiser in 1991. He envisaged a world where 

computers could disappear into the environment by being embedded and enmeshed 

in everyday objects (Weiser, 1991). In a ubiquitous environment, computers locate 

and serve users, instead of the users having to adapt to the interface and capabilities 

of the computer (as in desktop computing environments). Rich flows of contextual 

information make computers more aware of the environment, enabling them to 

transmit more personalised and localised information to the user. It is therefore 

conceived that users could become more responsive and attentive to their more 

meaningful and significant needs and activities. 

Context-aware computing was therefore one of the early concepts introduced in 

some of the pioneering work on the ubiquitous computing paradigm and has since 

been an area of widespread research, partly due to availability of low cost and low 

budget sensors. It was first discussed by Schilit & Thierner (1994) who defined it to 

be software that `adapts according to its location of use, the collection of nearby 
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people and objects, as well as changes to those objects over time'. Since then many 

other definitions have emerged, which include the ability of a computing service to 

collect information or context about the user, and then use that context to provide 

some services or functionality in support of the user and his/her task' (Dey, 2001a) 

and `systems that sense or remember information about the person and the emotional 

or physical situation in order to reduce computer-user communication and effort' 

(Selker & Burleson, 2000). 

Making a computer more aware of the user's context unravels new and 

potentially enhanced levels of user support, which have been categorised by a 

number of researchers. Schilit et al. (1994) propose four types of context-aware 

applications: 

- Proximate selection: a user-interface technique where the objects located nearby (e. g. a 

printer) are emphasized or otherwise made easier to choose. 

- Automatic contextual reconfiguration: a process of adding new components, removing 

existing components, or altering the connections between components. 

- Contextual information and commands: adjusting results according to the situation in 

which they are issued. 

- Context-triggered actions: simple IF-THEN rules used to specify how context-aware 

systems should adapt. 

In another categorisation, Pascoe (1998) proposes a taxonomy of context-aware 

capabilities in terns of (i) contextual sensing - environmental states are sensed and 

presented to the user, (ii) contextual adaptation - contextual knowledge is used to 

adapt the application's behaviour to integrate more seamlessly with the user's 

environment, (iii) contextual resource discovery - the application discovers other 

resources and exploits these while the user remains in the same context, and (iv) 

contextual augmentation - application allows the user to augment the environment 

with information at a specific location for other users. 

Although there is considerable overlap between both previous categorisations, 

there are slight differences too. Pascoe's categorisation, for instance, includes 

`contextual augmentation' as a capability that is not included in Schilit et al. 's 

classes of applications. In an attempt to combine the principles from both 
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categorisations, Dey (2000) proposes three general categories of context-aware 
features which include (i) presentation of information and services to the user, (ii) 

automatic execution of a service, and (iii) tagging of context to information for later 

retrieval. Chen & Kotz (2000) generalise context-aware features even more by 

stating that there are two ways in which a mobile application can take advantage of 

context. Firstly, active context is where an application automatically adapts to 

discovered context, by changing the application's behaviour, and secondly, passive 

context is where an application presents the new or updated context to an interested 

user or makes the context persistent for the user to retrieve later. 

A commonality that exists across all categorisations of context-aware features is 

that their realisation is dependent on the ability of the application to sense relevant 

aspects of the user's context. This includes two separate issues concerning the 

ability of the application to sense the environment using various sensing 

technologies, and the ability of the application to recognise what is relevant about the 

user's context, which Schilit et al (1994) state is `where you are, who you are with, 

and what resources are nearby' - other similar viewpoints include Dey (2001) who 
believes it is the user's location, identity, time and activity. Table 2.1. provides an 
illustration of potentially desirable user information (all of which have been used by 

context researchers at some point) and the technologies used to acquire it - for a 

more detailed discussion of sensing technologies, refer to Chen & Kotz (2000). 

Information about the user's context Type of technology 
Indoor and outdoor location GPS, Active badge, mobile phone cells 
Nearby objects, e. g. printers, other mobile 
devices, etc 

Ultrasonic transducers, Bluetooth and 
Infrared sensors 

Local or surrounding environment RF beacons 
Speed of movement, e. g. walking vs. driving Accelerometers sensors 
Orientation of body, e. g. upright or lying down Electronic compass 
Outside temperature, light levels, and noise 
levels 

Temperature sensors, photodiodes, 
omni-directional microphones 

Heart rate, body temperature, blood pressure, Physiological sensors 
Time of day, week, month, season, and year Built in clock 
User preferences Customised application settings 
Social and business arrangements Personal diaries 
Available resources, e. g. weather forecasts, train 
and bus timetables, etc 

Web-based servers 

Surrounding people Face recognition using camera 
technology & image processing 

Table 2.1. Sensing technologies used to identify desirable features of the user's context. 



One of the main design concerns about bringing together sensing technologies, 

such as those described in Table 2.1, is that the weight and size of the mobile device 

will be increased, thus impacting on the user's mobility. Although sensors have 

become smaller and more unobtrusive in recent years, there have been research 

initiatives investigating the deployment of sensors in the environment as public 

infrastructure that can be accessed by mobile devices through online centralised 

servers (Schilit et at., 1993; Bacon et at., 1997). Information from local weather 

stations, for instance, can be accessed instead of the device having to sense climatic 

conditions, resulting in a more efficient use of the battery. 

However, perhaps the biggest challenge for context-aware computing research is 

to build applications that effectively deliver relevant and timely information to the 

user. From the perspective of software development, this challenge is to sense, store, 

consolidate, interpret, and transmit information. These areas are researched 

extensively in middleware design, which concerns the development of toolkits and 

services to facilitate the discovery and delivery of context data. Good examples are 

discussed in Dey (2000), Huang (2002), Coulouris et at (2001), and Sorensen et al 

(2004). Conversely, from the perspective of the user this challenge, which has 

received limited research by comparison, is to determine what is relevant to different 

users and user groups based upon contrasting requirements, mobile activities, and 

personal preferences. Researchers investigating this challenge include Bellow & 

Edwards (2001) who highlight it is the human and social aspects of context that are 

crucial in making a context-aware system a benefit rather than a hindrance - or even 

worse - an annoyance', and Dourish (2001) who states that `instances of interaction 

between people and systems are themselves features of broader social settings, and 

those settings are critical to any analysis of interaction'. 

Whether tackling this challenge from the application or user's perspective, it is 

generally agreed by researchers in context-aware computing that more sophisticated 

models of the computer, user and task are needed (e. g. Selker & Burleson, 2000). It 

is also felt that there are considerable gaps in knowledge in modelling user-computer 

interaction in mobile settings. As illustrated in the next chapter, this thesis makes a 

significant contribution to these research areas, primarily though from the 

perspective of the user. 
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The remainder of this section illustrates examples of research application areas 

of context-aware computing. The focus is on mobile computing rather than desktop 

computing (or systems not involving mobile computers), since it is felt that analyses 

of context in mobile settings are far richer, arguably more challenging, and more 

under researched. There are, however, many good examples of non-mobile context- 

aware applications: 

- Considered to be one of the first context-aware applications, the Active Badge 

System from the Olivetti Research Lab tracks the location of persons in an office and 

then uses it to forward calls to the closest phone (Want et al., 1992). 

- The In/Out board from the Georgia Institute of Technology gathers information 

about the participants who enter and leave the building and then displays that 

information to users depending on the identity of the user, the research group the 

user belongs to, and the information that would be interesting for that group (Salber 

et al., 1999). 

- The context-aware office assistant is a system that interacts with visitors at the office 

door and manages the office owner's schedule (Yan & Selker, 2000). 

- The active area of context-aware homes includes systems designed to support the 

daily activities of elderly people (e. g. Lines & Hone, 2002), and systems to support 

in-house context-aware communication by allowing family members to speak to one 

another as if they were in the same room (e. g. Hindus et al, 2001). 

- There are research initiatives aimed at supporting the intensive and distributive 

nature of information management and communication in a hospital setting. The 

Intelligent Hospital project, for instance, concerns the development of an application 

that supports remote consultation, and tracking of patients and equipment (Mitchell 

et al., 2000). In other work, Bardram (2004) discusses a context-aware pill container 

and a context-aware hospital bed, both of which react and adapt according to what is 

happening in their context. 

The mobile application areas chosen for discussion have been categorised under 

systems that support work activities, applications that support navigation of visually 

impaired people, applications that support tourists' activities, applications that allow 

users to augment the environment, mobile phones that adapt their behaviour, and 

applications that support leisure activities. In the last subsection key usability issues 

that remain insufficiently addressed in current research are discussed. 
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2.1.1 Supporting work activities 

The palm-sized wireless ParcTab computers, developed at the Xerox Palo Alto 

Research Centre, were used for various context-aware experimentation in an office 

environment (Brown et al., 1997). Using an infrared communication system that 

links ParcTab computers to each other and to desktop computers through a Local 

Area Network (LAN), context-aware services included presenting information about 

the room the user was in, displaying information about UNIX directories associated 

with that room, and helping the user to find the most convenient local resource. In 

order to provide these services, the ParcTab applications used the user's location, the 

presence of other mobile devices, time, nearby non-mobile machines, and the state of 

the network file system. ParcTab computers were also used for another system 

called Forget-Me-Not, developed at the Rank Xerox Research Centre in Cambridge, 

UK. This system was designed to serve as a memory aid, helping people with 

everyday memory problems such as finding a lost document, remembering 

somebody's name, recalling how to operate a piece of machinery, etc. (Lamming & 

Flynn, 1994). The ParcTab collects information about selected aspects of the user's 

activities, such as the location of the user, who they are with, whom they phone, etc. 

This information is stored in a database and queried at a later date. 

In another example, the Georgia Tech Laboratory developed a Conference 

Assistant that was designed to support attendees of a conference (Dey, Futakawa, 

Salber, & Abowd, 1999). After attendees register, indicating their research interests 

and contact details, the Conference Assistant is offered to each attendee, who can run 

it on his/her laptop or palmtop. Services offered include (i) highlighting timetable 

events of potential interest to the attendee, (ii) displaying information about 

presenters and their presentation material whenever a room is entered, and (iii) 

allowing the attendee to attribute notes to accessed presentation material notes are 

time stamped and can be retrieved at a later stage. As context information, the 

application uses the location, the time, the activity in a certain situation, and the 

user's preferences. 

2.1.2 Navigating visually impaired people 

In recent years, a number of GPS-based systems have been designed to address 

the orientation and navigation needs of visually impaired people, as discussed in 
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section 2.6.4. However, most of those systems provide the user with very limited 

contextual detail and, when considering Pascoe's (1998) categorisation, discussed in 

section 2.1, their capabilities are limited to contextual sensing. In order to move 

closer to the ideology of independent mobility, where visually impaired travellers 

can travel freely through the environment, a few researchers are attempting to draw 

upon other context-aware capabilities to augment the user's spatial awareness and 
knowledge of the surrounding and distant environment. 

The Drishti wireless navigation system, which is being developed by researchers 

at University of Florida, transmits route information to visually impaired and 
disabled people in order to assist navigation through dynamic outdoor environments 
(Helal et al., 2001). Drishti is designed to generate optimised routes based upon user 

preferences, temporal constraints such as traffic congestion, and dynamic obstacles 

such as ongoing ground work. For instance, routes involving fewer hazards may be 

chosen over the shortest route. Re-routing is supported if unexpected events occur, 

and travellers can also add notes about certain conditions or problems encountered as 

a reminder if the route is revisited (e. g. a pothole in the pavement). 

Drishti integrates several hardware components including a wearable computer, 

an integrated GPS/Beacon/Satellite receiver, an electronic compass, and components 
for various wireless networks. Software components include a spatial database 

called ArcSDE to manage GIS datasets; a route store called NetEngine to define, 

traverse and analyse complex geographic networks; and a mapserver called ArcIMS 

to serve the GIS datasets over the Internet. Communication between the user and 
interface is accomplished using ViaVoice, which transmits detailed explanatory cues 

using text-speech software and also executes verbal commands of the user using 

voice recognition. 

2.1.3 Supporting mobile activities of tourists 

One of the most popular applications of context-aware computing is that of 

supporting the mobile needs of tourists. In the Cyberguide project, mobile tourist 

guides were designed at the Future Computing Environments (FCE) from the 

Georgia Institute of Technology (Adowd et al., 1996). Developed for indoor and 

outdoor use, the Cyberguide prototypes provided information to a tourist about 
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his/her location. Context-aware services include giving directions, offering 

personalised recommendations of places to visit, displaying background information, 

and allowing the user to leave comments on an interactive map. The system acquires 

outdoor location information from a GPS receiver and from an infrared (IR) 

positioning system indoors. The user's past experiences detailed in his/her travel 

diary are used to provide informed recommendations of places to visit. 

In another system, a mobile tourist guide called GUIDE is being developed at the 

Distributed Multimedia Research Group from Lancaster University (Cheverst et al., 
2000). The system adapts and transmits geographical information regarding points 

of interest in order to suit the personal and environmental contexts of the tourist. 
The context-sensitive application supports different tasks that include: 

- acquiring context-specific information regarding the current location; 

- navigating the city or local area using a map; 

- generating tours of the city and navigation to landmarks - the application optimises 

tours based on opening and closing times, the likely busyness of the attraction, the 

distance between attractions, and the most aesthetic route; 

- communicating with other visitors or with the tourist information centre by sending 

a text message. 

The handheld GUIDE system operates on a Fujitsu TeamPad 7600 device, and 
its software was designed similar to an Internet browser for immediate familiarity. A 

cell-based wireless communication infrastructure is used to broadcast both location 

and dynamic information to mobile GUIDE units. Location positioning is 

determined from location messages that are received from strategically positioned 
base stations. 

In more recent work, part of the Information Society Technologies (IST) 

Programme of the European Commission, the Ambiesense system is being developed 

to exploit user contexts in ambient computing (Göker & Myrhaug, 2002). The aim is 

to design and implement technology that is ambient, personalised to the users, and 

sensitive to their individual situation (i. e. context-sensitive). The Ambiesense project 
involves developing a new system architecture that will enable ambient information 

services to be delivered to mobile citizens, particularly business travellers and 
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tourists. These services will be ubiquitous, personalised to the individual user, and 

appropriate to the user's current situation/context. 

2.1.4 Allowing users to augment the environment 

A concept called stick-e notes, the electronic equivalent of Post-ItTM notes, has 

been researched at the University of Kent in Canterbury (Brown, 1996). Referring to 

Pascoe's (1998) categorisation of context-aware capabilities, this concept is centred 

on contextual augmentation. The stick-e document is a framework for incorporating 

this metaphor in the design of a wide variety of context-aware applications. It is 

described how the user, who would possess a location-aware mobile device, can 

leave stick-e notes at specific locations in space. When the user revisits this location, 

the message is triggered and displayed to the user. These notes can also be 

broadcast and exchanged to a wider audience if this is considered to be a desirable 

design feature. In this example only the location is used to determine when a note is 

triggered, though Brown (1996) also describes how other elements of context can be 

included to make the presentation of notes more useful. Triggering events could be 

dependent on (i) the adjacency of other objects or people, e. g. when the user is in the 

presence of a particular friend, (ii) critical states, such as temperature thresholds, and 

(iii) time ranges, e. g. only display a note about a tourist attraction during opening 

hours. 

The exchange of notes between users would not normally be done singularly, i. e. 

one note at a time; rather, a stick-e document would be exchanged containing a group 

of notes that have a logical relationship, such as notes relating to a particular activity 

or tourist trial. The dissemination of documents could be (i) downloaded to the 

mobile device using web-based services, (ii) exchanged between two devices using 

beaming, such as Bluetooth, or (iii) loaded into the mobile device via a wireless link 

(by this method, notes within the document could be updated regularly in order to 

reflect environmental change). 

In another example, E-graffiti is a context-aware application that was developed 

at Cornell University (Burrell & Gay, 2002). By detecting the location and identity 

of a student on the Cornell campus wireless network, the system displays a list of 

relevant text notes to the student based upon his/her location. It also allows the 
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student to create notes about a specific location on a wireless network. These notes 

would be displayed to other students if they visited the same location. Notes can 

either be public (visible by all) or private (visible by users chosen by the note 

creator). The user's location is identified by querying the access points that make up 

the wireless network to determine which access point is currently closest to the user. 

2.1.5 Mobile phones that adapt their behaviour 

At Carnegie Mellon University, research is being undertaken into a context- 

aware mobile phone, called SenSay (Siewiorek et ul., 2002). By combining light, 

motion, and microphone sensors, the phone adapts to dynamically changing 

environments and physiological states using different operational states. The 

uninterruptible' state, for instance, is activated if the user is involved in a 

conversation or at a meeting. This situation is detected using a microphone sensor 

and the user's electronic diary. People attempting to call the SenSay user in this state 

would be sent a SMS informing them to call back within three minutes if their call is 

urgent. Urgent calls would override the SenSay user's state, causing the mobile 

phone to ring at a high volume. The uninterruptible state also contains two sub-states 

concerning `light on' and `light off. When the phone is in the user's pocket (light 

off state), the vibrate mode is used to alert the user. Whereas if the phone was out of 

the user's pocket (e. g. on a table) the light on state is activated and vibrate mode 

would be turned off. In another state, the SenSay phone can be used to alert the user 

during environmental circumstances where it is difficult to communicate (i. e. the 

`active' state). For instance, in situations where there are high-level ambient noise 

levels, SenSay can adjust the ringer and vibrate modes accordingly. 

In a similar investigation, Schmidt et al. (1999) designed an experiment to 

demonstrate situational awareness of a personal digital assistant and mobile phone. 

In the PDA scenario, a notepad application was changed to adapt the font size to the 

user's activity (i. e. large font when the user is walking, small font when the user is 

stationary) and to environmental conditions (e. g. light level). In the phone scenario, 

the context is recognised and used to select automatically profiles of the mobile 

phone. Depending on whether the phone is in hand, on a table, in a suitcase, or 

outside, the phone chooses to ring, vibrate, adjust the ring volume, or keep silent. 
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2.1.6 Supporting leisure activities 
At Carnegie Mellon University, a web environment for context-aware services is 

being researched and developed (Sadeh et al., 2002). The environment is based on a 

growing collection of customizable agents capable of (semi-) automatic discovery 

and access of Intranet and Internet services as they assist their users in carrying out 
different tasks (e. g. planning an evening, looking for a place to eat, filtering 

incoming messages, etc. ). As an illustration, the MyCampus agent called the 

`restaurant concierge' provides suggestions to users on where to have lunch, 

depending on their food preferences, the time they have available before their next 

meeting or class, their location on campus, and the current weather conditions. Other 

agents include (i) context-sensitive message filtering agents that are used to filter 

push messages such as announcements about events on campus, and (ii) context- 

sensitive reminder agents that remind students of tasks detailed in their To Do' list 

when they are near the location in which the task would be performed (e. g. reminder 

to buy milk when close to a grocery store). 

In other research, Pignotti et al. (2004) describe a multi-agent service delivery 

architecture, which is used as a platform for a context-aware recommendation system 

called RECO. Using the user's profile (e. g. preferences), past behaviour (e. g. 

services previously visited), location, and time of day, the mobile system provides a 

range of recommendation services giving details about pubs, cinemas, restaurants, 

seminars, etc. RECO integrates with popular Web browsers through a client 

application, and the researchers are investigating the implementation of a client for 

Microsoft Pocket PC. 

2.2 Usability issues of context-aware design 
The purpose of this section is to illustrate the key usability issues of context- 

aware design and also to link these issues to the application areas discussed in 

sections 2.1.1-2.2.6. The main issues that will be discussed are: (i) personalisation of 
information, (ii) coping with unexpected mobile situations, (iii) localising 

information and its delivery, (iv) styles of user-interface interaction, (v) privacy and 

security, and (vi) social issues. 
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2.2.1 Personalisation 

Personalisation is a key concept within Human Computer Interaction (HCI) 

research that is beginning to generate significant interest throughout the world of 

mobile devices. The concept is centred on the ability of a mobile device to adapt to 

the needs, preferences, and interests of users, rather than the users being forced to 

conform to the interface and operations of their devices. In recent years, 

personalisation has been widely discussed as a key feature in the context-aware field. 

In an investigation of user needs of location-aware mobile services, Kaasinen (2003) 

found personal variations in preferences for both the content of information and on 

its presentation. 

However, despite this interest, very few user studies have been undertaken with a 

view to investigating personalisation differences across user groups. This has been 

evident in the lack of personalisation capabilities of current mobile context-aware 

systems. For instance, although the DRISHTI system for visually impaired people 

offers many encouraging levels of user support (Helal et al., 2001), the information 

transmitted by the system was the same for all users. People with different, and with 

varying severities of, visual impairments would therefore not be able to adjust 

information and its presentation for their personal needs. Bradley & Dunlop (2004b) 

believe that these are key usability issues that need to be resolved if such systems are 

to support and enrich/enhance the lifestyles of users in an unobtrusive and seamless 

manner. Similarly, in another example, a significant test for mobile tourist guides is 

whether they can be `picked up and used' by tourists from different demographic and 

cultural backgrounds. Tourists visiting a city would have contrasting expectations of 

supported activities, levels of functionality, and methods of user-interface 

interaction. 

Personalisation is not explicitly accounted for in the design of ParcTab 

computers (Brown et al., 1997), of the SenSay mobile phone (Siewiorek et al., 

2002), and of the PDA and mobile phone scenarios described by Schmidt et al. 

(1999). Displaying UNIX directories and information associated to a room on a 

ParcTab computer, for instance, might depend on the job roles and current activity of 

each person present in the room. Further, in the SenSay project, the ability of a 

phone to adapt its behaviour automatically (without user intervention) to changing 
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environments might not be in keeping with the user's changing preferences and 

requirements, e. g. perhaps there may be situations during which I would want my 

phone to vibrate when on the table, or situations when I do not mind being 

interrupted in an informal meeting. More investigations need to be undertaken into 

the scenarios within which mobile phone states could be inferred. 

While the premise of context-aware computing is to adapt to the needs and 

wishes of the user, no system (with the exception of DRISHTI system) explicitly 

accounted for the requirements of elderly and disabled people. It would appear that 

the researchers who have designed those systems make the assumption that users are 

able bodied. For instance, the PDA that adjusts its font size depending on the user's 

activity (Schmidt et al., 1999) might not be desirable for elderly people with poor 

eyesight. With the exceptions of E-graffiti (Burrell & Gay, 2002) and GUIDE 

(Cheverst et al., 2000), this could be due to the fact that no studies involving end- 

users were carried out. The motivation has mostly been a technological one and, as a 

result, most of the context-aware systems currently in development are at risk of 

being unusable by, and intrusive to, their end-users. 

2.2.2 Designing for mobile computer settings 

In comparison to desktop computer environments, mobile computer settings 

consist of richer, more frequent, more unpredictable, and more heterogeneous, 

contextual interactions with other people and objects. Since the user can rarely 

focus exclusively on one task, the extent to which the user-interface drains the 

attention of the user in a mobile setting normally provides a good indication of its 

effectiveness (Garlan et al., 2002). Currently, the user-interfaces on most mobile 

devices are too intrusive since users have to use desktop-style techniques to retrieve 

information; techniques which Garlan et al consider to be too demanding on the 

user's attention particularly when preoccupied with walking, driving, or other real- 

world interactions. Not just that, but people make more unpredictable decisions 

about their activities when they respond to dynamic mobile environments (Dourish, 

2001). This affects both the design of information content and delivery, issues of 

which present challenging topics for future usability research. 
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More investigations are needed into understanding individual and group 
differences in how people respond to mobile environments. The Cyberguide system 
(Abowd et al., 1996), for instance, would need to support different cultural user 

groups making entirely different incidental decisions regarding their spatial activities 
(e. g. determining when a tourist might wander from a tourist trail). In another 

example, the stick-e notes system (Brown, 1996) would need to show evidence of the 

context triggering criteria working in practice with end-users. For instance, triggering 

a note when the user is in the presence of a particular person may not always he 

appropriate, such as in the situation of a work-related note being triggered when the 

user incidentally bumps into his work colleague at lunchtime. The suitability of notes 
is likely to be dependent on more than one or two context triggering features, and so 

more needs to be understood about the user's context in mobile settings. 

2.2.3 Localising information and its delivery 

Localising information and its delivery are key design features of context-aware 
computing. However, both of these issues are rarely given sufficient analysis or 
investigation when one considers the mobile settings through which a user is likely to 

travel. For instance, the Drishti system (Helal et al., 2001) is limited to outdoor 

environments and was tested using a very precise task and scenario, i. e. through a 

university campus. Testing this system in a wider range of contexts, such as indoor, 

and for other mobile tasks would be more challenging and would involve acquiring 

far more contextual information. Similarly, the tourists aids, GUIDE & Cyberguide, 

would need to account for the wide-ranging activities of tourists who may pass 

through outdoor and indoor environments and may use different modes of transport 

too, e. g. touring a city by car, bus, tram, walking, or cycling. How would 

information be adjusted for each? Another key issue for DRISHTI, Cyberguide, and 

GUIDE is to what extent should information be filtered when routes are revisited 

what assumptions can the application make about the user's acquired knowledge? 

Certain techniques in presenting information to the user may also be more 

appropriate, when the user's task, activity, or situation is considered. Speech output, 
for instance, may be better for visually demanding tasks, whereas a visual display 

may be better for illustrating spatial relations. With respect to the delivery of tourist 

information, speech output may be preferred when viewing an attraction than a 
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display (and vice versa if the user is wanting to acquire information before visiting 

an attraction). It also may be desirable to span contextual information across several 

sensory channels, such as through hearing and touch (Brewster et al., 2003). Ross 

and Blasch (2000) argue that the best interface for visually impaired people is a 

combination of speech output and tactile cues using a tapping interface. More 

research, however, is needed to understand appropriate techniques for presenting 

information to different users within different environments (Bradley and Dunlop, 

2002b). 

2.2.4 Styles of acquiring contextual information 

Cheverst et al. (2000) differentiated between two contrasting styles of how a user 

may wish to acquire context-aware information from an application. Information 

push is where information is pushed to the user in order to reflect a contextual 

change, such as an updated location. Using this approach, the user may be surprised 

by the timing of new information, which might also overwrite old information that 

the user had still been reading. In the other style, information pull is where the user 

decides when to acquire (or pull) new information. In this approach, the system 

would leave the currently displayed content unchanged, despite the fact that the 

content had become inconsistent with the user's current location. 

The ability of the context-aware application to manage these two different styles 

of interaction appropriately will possibly determine its acceptance by the user. 

Information push in the wrong situation is likely to be highly intrusive to the user, 

and in some cases unsafe too. In the example of the DRISHTI system (Helal et al., 

2001), pushing information to visually impaired people when crossing the road 

would be highly inappropriate. In other systems, the GUIDE system (Cheverst, et 

al., 2000) and Cyberguide system (Abowd et al., 1996) would need to allow time for 

tourists to freely observe and experience an attraction without cognitively 

overloading them with pushed information. 

2.2.5 Privacy and security issues 

Since Weiser (1991) propounded his vision of ubiquitous computing, many 

researchers have been concerned about the privacy and security of the user (e. g. 
Jiang & Landay, 2002; Bellotti & Seilen, 1993). The push towards invisibility of 
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embedded computing devices and ubiquitous sensing, has made it easier than ever to 

collect and use information about individuals without their knowledge. Sensitive 

private information might live indefinitely and appear anywhere at anytime (Jiang & 

Landay, 2002). Furthermore, the application areas described in sections 2.1.1 - 2.1.6 

illustrate how many context-aware systems are inferring revealing information from 

loosely related personal data, which has even more troubling implications for 

individual privacy. 

Jiang & Landay (2002) claim that even a few privacy violations could lead to 

user distrust and abandonment of context-aware systems and to lost opportunities for 

great enhancements. Ultimately, more investigations are needed to investigate 

thresholds of perceived levels of privacy and security amongst end-users, since it is 

likely that there will be differences in how accepting they are of having their 

location, activity, and identity disclosed to service providers, friends, family, or work 

colleagues. For instance, the ParcTab computers may need to restrict certain 
directories containing personal information of employees from some of those present 
in the room. Overall, each of the systems described in sections 2.1.1 - 2.1.6 are 

affected by privacy and security issues since they all use personal user details of 

some sort. Context-aware application developers need to make these issues more 

explicit in their development, especially in terms of how information about the user 

will be used and distributed. 

2.2.6 Social issues 

One of the ambitions of context-aware computing is to provide richer 

communication with others, and to broaden the communities within which people 

communicate. Context-aware computing uncovers new metaphors of 

communication such as the ability to augment the environment at specific locations 

in space. Bellotti & Edwards (2001), however, argue that mediation between people 

is an ambitious and potentially threatening aim for context-aware systems since we 

are currently unaware of the impact these new forms of communication might have 

on communities of people, e. g. how will we know when personal information is 

captured, accessed, and used? When and how is information shared and distributed 

to others? These questions remain unanswered and Dourish (2001) states that 
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instances of interaction between people and systems are themselves features of 
broader social settings, and those settings are critical to any analysis of interaction'. 

In the stick-e document system (Brown 1996), for instance, large amounts of 

notes that need to be managed, some of which may be irrelevant, inappropriate, or 

out of date. Adequate controls would therefore need to be set in order to ensure 

notes are not displayed repeatedly if the user decides to revisit a location. Much of 

the triggering states may have to be customised by the user, requiring considerable 

time and knowledge of how the system is likely to respond. On another issue, what 
liberties should be given to other people when they attempt to send information of 

potential interest to the user? For instance, the user's perception of what is useful 

and important may be entirely different to the sender. Sharing notes with others has 

the potential to become obtrusive and tedious, especially where there are conflicts of 
interest. 

Bellotti & Edwards (2001) also report on their research on personal information 

management. With reference to the Conference Assistant that facilitates people in 

sharing notes (Dey, Futakawa, Salber, & Abowd, 1999), Bellotti & Edwards found 

that people are in fact not comfortable with sharing their personal notes. Context- 

aware research needs to address how people would wish to communicate and share 
information, and also what concerns they have about disclosing personal details. 

2.3 Techniques for designing mobile context-aware applications 
In recent years numerous design frameworks have been proposed to address the 

complex software and technological challenges facing context-aware computing, in 

particular to middleware design (e. g. Coulouris et al., 2001; Huang, 2002) and more 

generally to the process of actually building context-aware applications (e. g. Jang et 

al., 2001; DeVaul & Pentland, 2000; Dey et al., 2001). In the first sub-section, an 

example, which is used to model the application's context in Chapter 3, is discussed. 

It should be noted, however, that the purpose of this thesis is not to advance design 

issues of software development. Instead, this thesis is focused on providing a 

contribution to the limited existence of user-centred techniques for designing 

context-aware applications. Those identified in current literature are critically 
discussed in the second sub-section. 
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2.3.1 Frameworks for software design 

Dey et al. (2001) propose a component-based conceptual framework for building 

context-aware applications. This framework was chosen for discussion since it 

represents a significant milestone in ubiquitous computing, and has been used as an 

anchor article for a special issue on context-aware computing (Moran & Dourish, 

2001). 

Their approach to system architecture is concerned with actually collecting, 

transforming and delivering contextual information, with a focus on design reuse. 

The following components are discussed: 

- `Context widgets' represent sensor abstractions that conceal details of how sensing 

and interpretation of the environment occur. Widgets essentially wrap around 

underlying sensors and services, and provide an interface to automatically deliver 

information to interested components or services of the system. 

- `Aggregators' store multiple pieces of low-level information (such as a person or 

location) that is logically related and stored in a common repository for relevant 

application entities. 

- `Interpreters' are responsible for abstracting low-level context data to higher-level 

information (e. g. using location, time of day, and travel velocity to infer user is on 

the train home from work). 

- `Context services' are the same as context widgets, except that the output is 

abstracted and the actuators, or change of environmental state information, are 

controlled. 

- `Discoverers' are the final component and are responsible for maintaining a registry 

of what capabilities exist in the framework. 

Dey et al's framework provides an insightful foundation in which context-aware 

applications can be built. However, the framework was implemented for very 

primitive applications, namely an In/Out Board and the Context-Aware Mailing List. 

In these examples, only the user's location is used by the application to make an 

inferred decision, e. g. only mailing list members within the building receive an 

email. However, the extent to which this email will be of use will depend on a richer 

variety of contextual detail, including information about the user and his/her activity. 

Codifying this contextual detail is far more difficult, and requires more robust 
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algorithms to manage inference, since context becomes more entangled and 
interrelated - an area not explored to any great detail in Dey et al's framework. 

Additionally, when one considers users negotiating outdoor environments involving 

more dynamic interactions with other people and objects, Dey's framework would 

need to be expanded to capture the human and social elements of design. These 

issues will also be difficult to capture using a component-based approach as 

designers are largely restricted to creating application code that uses existing 

components. Bellotti & Edwards (2001) argue that people, unlike systems, make 

unpredictable and non-deterministic judgments about context, and so designers will 

need to reach beyond the application to refine or augment other components in order 

to deliver capabilities not anticipated by the original component builders. 

2.3.2 Frameworks for user-centred design 

There is currently a lack of user-centred frameworks for context-aware design. 

Existing frameworks are predominantly software orientated (e. g. Kim et al., 2001; 

Huang, 2002; Dey, 2001) and so need to be expanded to handle human variability, as 

it is the human and social aspects of context which are crucial in making a context- 

aware system a benefit rather than a hindrance - or even worse - an annoyance' 

(Bellotti & Edwards, 2001). A greater emphasis must also be placed on the temporal 

context as `actions and utterances gain their meaning and intelligibility from the way 

in which they figure as part of a larger pattern of activity' (Dourish, 2001). Meyer & 

Rakotonirainy (2003) describe how `research into future computing technologies is 

often far removed from the needs of the user' and as a consequence `the nature of 

such future systems is often too obtrusive'. Jang et al. (2001) state that current 

application development of context-aware systems is not user-friendly. For instance, 

despite the insightful design principles proposed within the Ektara framework, its 

development involved using an artificially created scenario (involving no user 

studies) to test and implement six critical features of context-aware wearable and 

ubiquitous computing applications (DeVaul & Pentland, 2000). 

The user-centred frameworks that have been identified in context-aware research 

will be critically discussed in the first three sub-sections. The last sub-section 
discusses the extent to which current HCI techniques are equipped to investigate 

mobile computer settings. 
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2.3.2.1 Intelligibility and accountability 
Due to the large amounts of sensing required to manage unpredictable users and 

operating environments, Bcllotti & Edwards (2001) argue that there are human 

aspects of context that cannot be sensed or even inferred by technological means. 
Consequently, the authors believe that the system cannot remove human initiative. 

Instead, Bellotti & Edward's introduce a framework (or set of design guidelines) that 

'enable users to reason for themselves about the nature of their systems and 

environments, empowering them to decide how best to proceed'. For this to be 

achieved, the notion of `intelligibility' is introduced, where the system communicates 

to the user what is known, how it came to be known, and what the system is doing 

about it. In turn, the system must enforce user `accountability' when the context is 

inferred, especially when the application attempts to mediate user actions that 

influence other people. Bellotti & Edward's design principles are based on: 

- informing the user of current contextual system capabilities and understandings, 

- providing action-outcome feedback and current and previous action feedback, 

- enforcing identity and action disclosure, 

- providing user control over system and other user actions. 

These design principles, and the issues raised by the authors, are valuable, 
informative, and timely contribution to human and social investigations of context- 

aware design. However, their framework needs to be expanded to include a greater 

understanding of users, with respect to the decisions they make and actions they 

perform in different contexts. Although it is stated that users and environments are 

unpredictable, a systematic process for exploring spatial behaviour is not given. In 

order to develop more robust inference tools, application designers need to be 

provided with information about what is meaningful to different sets of users. This 

integration of the user and application's context is an important one, which is not 

sufficiently addressed by the authors. 

2.3.2.2 Embodied interactions 

In other work, Dourish (2001) presents a foundation on which context-aware 
design frameworks can be developed, drawing on the notion of embodied interaction 

as developed in phenomenological philosophy. It is argued that context-aware 
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computing needs to extend beyond the awareness of spatial location, of user identity, 

of the proximity of people and devices, and more towards monitoring the 

sociologically-motivated explorations of interaction. Dourish addresses this issue by 

investigating the notion of embodiment, which is about establishing meaning and 

relates to anything that has presence and participation in the world (real-time and real 

space, here and now), whether it be physical objects, conversations, or actions. This 

thesis introduces a model and framework that build on Dourish's work by providing 

a procedure or structure for which these design and usability issues can be captured. 

2.3.2.3 Activity/attention framework 

Smailagic et al. (2001) introduce an activity/attention framework for context- 
aware computing, which is centred on the extent to which a user is distracted away 
from his/her primary task. A distraction matrix is introduced as a means by which 

this issue can be conceptualised. Within the matrix, three types of distraction 

activities are discussed: (i) `Information' involves the user being either actively 

distracted (e. g. snap: email arrival) or passively distracted (e. g. pause: looking at 
diary) by surrounding information, (ii) `Communication' which involves the user 
being distracted by artificial, informal, or formal communication (e. g. chatting to a 
friend), and (iii) `Creation' which involves the user being distracted by creative work 

activities (e. g. adding information to existing projects, add a ToDo item to your 

calendar, etc). 

The second part of the matrix categorises each of the activity types from before 

by the amount of distraction they introduce in units of increasing time. Four 

categories are discussed: (i) Snap duration: an activity completed in a few seconds 

that should not interrupt the user's primary activity, e. g. checking your watch, (ii) 

Pause action: the user stops his/her current activity, switches to the new but related 

activity, and then returns to the original task within a few minutes, e. g. pulling over 

to the side of the road to check directions, (iii) Tangent action: a medium length task 

that is unrelated to the action that the user is engaged in, e. g. receiving an unrelated 

phone call, and (iv) Extended action: the user deliberately switches his/her task, 

beginning an entirely new long-teen activity, e. g. when travelling to the gym, 
deciding to visit friends in the pub instead. 
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The activity/attention framework, or Distraction Matrix, proposed by Smailagic 

et al. (2001) would help context-aware application developers to identify situations 

where users may become distracted from their primary task. However, the matrix 

neglects some key issues that would require deeper investigation. For instance, for 

what reasons, and in what situations, do users become distracted'? What aspects of 

context could have influenced distracted moments or situations? Inferring future 

user activities and better supporting those activities would require a detailed 

investigation of those questions. For instance, the user perhaps will prioritise their 

current activity to a possible distraction - deciding whether to stop your current work 

to join an informal conversation with two work colleagues. The model and 
framework presented in Chapters 3 and 7 provide a foundation on which application 
developers can include these types of issues in design. 

2.3.2.4 Augmenting HCI techniques 
In this section, the extent to which Human-Computer Interaction (HCI) is 

equipped to support the design and development of mobile systems is discussed. 

Over the years, HCI has traditionally built a solid understanding of how to design 

and evaluate forms of HCI infixed contexts of use, in a single domain, with the users 

always using the same computer to undertake tasks alone or in collaboration with 

others (Kjeldskov & Stage, 2004; Johnson, 1998). This is not the case for mobile 

computing, where computers move through several contexts of use, in several 

domains, with the users often using more than one computer to undertake tasks while 

being surrounded by richer groupings of people and physical objects. 

Johnson (1998) highlights the new challenges that mobile computing presents to 
HCI researchers and practitioners. These include (i) the demands of designing for 

mobile users, their tasks and context, (ii) accommodating the diversity and 

integration of devices, network services and applications, (iii) the current inadequacy 

of HCI models to address the varied demands of mobile systems, and (iv) the 

demands of evaluating mobile systems. Johnson goes on to raise many other 
important and interesting points when he describes each of the challenges in more 
detail. For instance in challenge (iii), it is discussed how traditional HCI is well- 

equipped to model various aspects of the users environment, such as their cognitive 

world, their tasks, their domain, and various types of group working or collaboration. 
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However, the HCI world is often ill-equipped to sufficiently model the mobile world 

to such an extent where designers can determine the impact an interface would have 

on a user's ability to notice and interact with unpredictable and dynamic features of 

the environment (e. g. noticing a speeding car as they stepped out onto a street). 

Johnson (1998) goes as far as to saying that these HCl issues may in fact save or cost 

lives. 

In challenge (iv), he discusses how conventional usability laboratories would be 

unable to simulate adequately the unpredictability of the mobile world, and thus 

would be unable to easily provide for the wide range of competing activities and 

demands on users that might arise in a natural setting. Although data collection 

methods or field evaluations, such as video recording and observations, would seem 

an appealing approach for evaluating the usability of a mobile system, many 

researchers stipulate that this would be very difficult (Kjeldskov & Stage, 2004; 

Johnson, 1998; Brewster, 2002; Nielson, 1998). Not only are field studies unrealistic 

for many mobile settings (Pascoe et al., 2000; Johnson, 1998), but they also 

complicate data collection and limit control since users are moving through a 

dynamic environment consisting of a number of unknown variables that may affect 

the set-up. Although these difficulties are considerably reduced in usability 

laboratory experiments, which are still the most prevalent methods of evaluating 

mobile systems (Kjeldskov and Graham, 2003), there is a lack of realism, making it 

difficult to adequately capture mobile environments (Kjeldskov & Stage, 2004). 

Johnson (1998) remarks that HCI methods, models, and techniques will need to be 

reconsidered or constructed if they are to address the concerns of interaction on the 

move. 

In order to address those problems, this thesis provides an augmentation to 

traditional HCI models and techniques by including a structure for which 

unpredictable and dynamic mobile computer settings can be investigated. In order to 

determine how this might be done, the next section explores what is meant by the 

notion of context in order to understand mobile computer settings. 
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2.4 Notion of context across disciplines 
The phenomenon of context has become an increasingly intriguing 

multidisciplinary talking point. Davies & Thomson (1988) remark that the main 

reason for context assuming a central role in various research areas is the 

acknowledgement, explicit or implicit, that organisms, objects and events are integral 

parts of the environment and cannot be understood in isolation of that environment'. 

Although context is frequently cited, and its importance repeatedly proclaimed, 

Dervin (1997) argues that it is rarely given a detailed philosophical and theoretical 

treatment, in particular to its multiple interdependencies, its dialectical relationships 

between product and process, and its temporal and spatial (i. e. here and now) 

confluence of people, settings, activities, and events. 

The roots of its emergence also lie in the inconsistencies and ambivalent 

definitions across and within different research specialisations (e. g. philosophy, 

psychology, pragmatics, linguistics, and artificial intelligence). Benerecetti, Bouquet 

& Ghidini (2001) stipulate that a general and unifying theory or formalisation of 

context is still in its infancy, and that it is unclear whether each research area is 

addressing aspects of the same problem or different problems with the same name. 

Chen & Kotz (2000) illustrate the discrepancies in the use of the word `context' 

within different areas of computer science (e. g. context sensitive help, contextual 

search, multitasking context switch, etc). The advent of mobile context-aware 

computing, for instance, has stimulated broad and contrasting interpretations, due to 

the shift from traditional static desktop computing to heterogeneous mobile 

environments. This transition poses many challenging, complex and largely 

unanswered research issues relating to contextual interactions and usability. 

In order for context-aware systems to seamlessly support and enrich a user's 

mobile activities, there is a need to understand context from a multidisciplinary 

viewpoint (Selker & Burleson, 2000; Bradley & Dunlop, 2003a; Mynatt, Essa & 

Rogers, 2000). Sato (2003) states that the `complex nature of contexts, points out the 

need for multidisciplinary viewpoints in developing frameworks for understanding 

contexts and for developing coherent mechanisms to incorporate those frameworks 

in interactive systems development'. Current design frameworks, however, are 
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predominantly software orientated (e. g. Kim, Yae & Ramakrishna, 2001; Huang, 

2002) making it difficult to capture and effectively manage human variability. 

Bellotti & Edwards (2001) stated it is the human and social aspects of context which 

are crucial in making a context-aware system a benefit rather than a hindrance - or 

even worse an annoyance'. Consequently, researchers argue that experts in several 

technological domains such as software engineers, user interface experts and radio 

experts need to be brought together (Floch, et at., 2001) in order to draw upon 

cognitive science, user experience and situation into the computer system design 

process (Selker & Burleson, 2000). 

Many researchers in computer science have illustrated the benefits of 

understanding context. Dey (2001) remarked that it can lead to improved usability of 

context-aware applications. Dey & Abowd (1999) state that by improving the 

computer's access to context, we increase the richness of communication in Human- 

Computer Interaction (HCI), making it possible to produce more useful 

computational services'. An understanding of context will also enable application 

designers to choose what context to use in their applications, thereby helping them to 

determine which context-aware behaviours to support. Brezillon and Abu-Hakima 

(1995) remark that context plays an important role in person/machine and 

machine/machine interactions and in the representation of knowledge-based systems. 

Context is also analysed and discussed considerably within industry and is 

regarded as the key to unlocking the true value of business applications on handheld 

devices (Zetie, 2002b). For example, Sun Microsystems, Giga Information Group 

and US Bancorp Piper Jaffray have recently identified `context' as a key enabling 

technology missing from today's mobile platform applications. It is therefore not 

surprising that next-generation applications and web services are increasingly taking 

into account the user's context in order to use contextual information to modify the 

application's business logic, presentation and navigation. 

The primary aim of this section is to review theories of context within 

Linguistics, Computer Science, and Psychology, with a view to combining those 

theories in order to propose a multidisciplinary model of context in Chapter 3. The 

investigation focuses on these particular disciplines as their theories and principles 
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were considered to be the most applicable to, and beneficial for, context-aware 

computing. The ultimate goal is to facilitate application developers in forming richer 
descriptions or scenarios of how a context-aware device may be used in various 
dynamic mobile settings. More specifically, the aim of this section is to investigate: 

- different viewpoints of context within Linguistics, Computer Science and 
Psychology, in order to develop summary condensed models for each discipline; 

- the impact of contrasting viewpoints on the usability of context-aware 

applications; 

- the extent to which single discipline models can be merged, and analyse how 

beneficial and insightful a merged model would be for designing mobile 

computers; 

- the extent to which a proposed multidisciplinary model can be applied to 

specific applications of context-aware computing. 

The purpose of this section is not to advance the philosophical debates on 

context, such as the phenomenological or positivist accounts of action that are widely 

covered elsewhere (e. g. Dervin, 1997), but to draw upon theories of context within 

each discipline to illustrate their practical implications for designing mobile context- 

aware computers. This section is divided into the following key areas: (i) general 
definitions of context, (ii) linguistics and context, (iii) computer science and context, 

(iv) psychology and context, and (v) context within other research areas. Definitions 

and categorisations of context are provided within each of those sections, and within 

sections (ii)-(iv) a proposed model of context is presented, together with a subjective 

analysis of this model in relation to context-aware computing. The purpose of 

creating models was to: 

- show conceptually how context is interpreted within each discipline; 

- facilitate the visual and theoretical identification of similarities and links for 

creating a multidisciplinary model; 

- illustrate how principles within other disciplines have direct implications for 

context-aware computing. 

Two further sections, (vi) & (vii), concern my own definition of context, and a 

cross-analysis of the proposed models for each discipline, as well as a discussion of 

areas for further research. 
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2.4.1 General definitions of context 

The Chambers 21st Century Dictionary (1999) and the Oxford Dictionary (1992) 

both define context as either (i) the pieces of writing in a passage which surround a 

particular word, phrase, paragraph, etc and which contribute to the full meaning of 

the word, phrase, etc in question', and (ii) the circumstances, background or setting'. 

Benerecetti et al. (2001) provide a more analytical perspective of context. As 

described in Table 2.2, three dimensions of context dependence' are identified, 

namely `partiality', `approximation', and `perspective'. 

Dimension Definition 
Partiality A context dependent representation is partial when it describes only a 

subset of a more comprehensive state of affairs. There are two 
perspectives: (i) metaphysical -a representation is partial if it does not 
cover the entire universe, and (ii) cognitive -a representation is partial 
if it does not include the entirety of what a person can talk about. 

Approximation A context dependent representation is approximate when it abstracts 
away some aspects of a given state of affairs. The aspects abstracted 
away are taken into account in some other form of representation. 

Perspective A representation is perspectival when it encodes a spatio-temporal, 
logical, or cognitive point of view on a state of affairs. For example, 
the statement `It's snowing' implies a spatial perspective (i. e. the 
location in which the statement is used) and a temporal perspective 
(i. e. it is snowing now). Additionally, some statements such as `hot air 
rises' imply a logical perspective as they implicitly refer to this world. 

Table 2.2. Dimensions of context dependence (Benerecetti et at., 2001). 

In relation to context-aware computing, the approximation dimension is closely 

tied to the notion of relevancy (discussed in section 2.4.7.2). Contextual information 

not required by the user must be abstracted away, making the remaining information 

partial. The perspective dimension, on the other hand, indicates how information 

must account for a spatial perspective (e. g. a user's location), temporal perspective 

(e. g. is information relating to past, present or future? ), and logical perspective (e. g. 

does information match that of the surrounding environmental context? ). Although 

these context dependence principles stimulate ruminative discussion, it is unclear 

how they can be used to develop techniques for capturing, measuring and assessing 

parameters of context within complex tasks and systems. 

' `Context dependence' implies that when some aspect of context is used explicitly or intrinsically in a 
given situation, that aspect of context is required for that situation to occur. 
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2.4.2 Linguistics and context 
Researchers in the area of linguistics and communication have studied many 

aspects of context. These include: (i) the changes in utterance interpretation when 

spoken in different contexts, (ii) the production of a speaker's utterance in 

accordance with what he/she perceives is the current conversational context, and (iii) 

the method in which a hearer selects or constructs the context in order to comprehend 

the message (ECCS, 1997). 

Fetzer (1997) defines context as a `tripartite system of objective, social and 

subjective worlds, their sub-systems and presuppositions'. The objective world is 

measurable and consists of a true/false-paradigm. The subjective world is 

characterised by sincerity in that a speaker's conversational intention is spoken as 

intended, and the social world is represented by textual, interpersonal and 

interactional meaning. In other viewpoints, Ochs (1979) distinguishes between the 

social and psychological worlds. These include peoples' beliefs and assumptions 

about (i) temporal, spatial and social settings, (ii) prior, ongoing and future actions 

(both verbal and non-verbal), and (iii) the state of knowledge and attentiveness of 

those participating in the social interaction. 

Categorisations of contextual information used within a communication act have 

been proposed. Bunt (1997) believes that the relevant factors of conversational 

context can be grouped into five categories: 

- Linguistic: Properties of the surrounding linguistic material (textual or spoken). 

- Semantic: Constructed by the underlying task and the task domain (the objects, 

properties and relations relevant to the task). 

- Physical: The physical circumstances/environment in which the interaction occurs. 

- Social: The type of interactive situation, combined with the participant's roles in that 

situation, as depicted in terms of their communicative rights and obligations. 

- Cognitive: The participants' beliefs, intentions, plans and other attitudes, their states 

of processing relating to perception, production, interpretation, evaluation, 

execution, and their attentional states. 

36 


