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Abstract

The potential of mobile Information Technology (IT) applications to support the
information needs of mobile construction workers has long been understood.
However, existing mobile IT applications in the construction industry have
underlined limitations, including their inability to respond to the changing user
context, lack of semantic-awareness and poor integration with the desktop-based
infrastructure. This research argues that awareness of the user context (such as user
role, preferences, task-at-hand, location, etc.) can enhance mobile IT applications in
the construction industry by providing a mechanism to deliver highly specific
information to mobile workers by intelligent interpretation of their context. Against
this background, the aim of this research was to investigate the applicability of

context-aware information delivery (CAID) technologies in the construction industry.

The research methodology adopted consisted of various methods. A literature review
on context-aware and enabling technologies was undertaken and a conceptual
framework developed, which addressed the key 1ssues of context-capture, context-
inference and context-integration. To 1illustrate the application of CAID in realistic
construction situations, five futuristic deployment scenarios were developed which
were analysed with several industry and technology experts. From the analysis, a
common set of user needs was drawn up. These needs were subsequently translated

into the system design goals, which acted as a key input to the design and evaluation

of a prototype system, which was implemented on a Pocket-PC platform.

The main achievements of this research include development of a CAID framework
for mobile construction workers, demonstration of CAID concepts 1n realistic
construction scenarios, analysis of the Construction industry needs for CAID and
implementation and validation of the prototype to demonstrate the CAID concepts.
The research concludes that CAID has the potential to signiticantly improve support
for mobile construction workers and identifies the requirements for its etfective
deployment in the construction project delivery process. However, the industry needs

to address various identified barriers to enable the realisation of the full potential of

CAID.
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Chapter I Research Introduction

Chapter 1: Introduction

1.1. Introduction

This chapter introduces the study by presenting the research background. The problem
domain 1s defined and the key limitations in the existing state of the art of Mobile IT
in the construction industry are highlighted. The final sections outline the research

aims and objectives and present a guide to the thesis.

1.2. Research Background

Currently the construction industry is experiencing unprecedented change resulting
from clients demanding better value-for-money, higher quality, shorter cycle times
and access to the latest information, produced at any point in the project life cycle and
supply chain (Anumba et al, 2003). This demand reflects the increasingly competitive
pressure to implement techniques that can reduce project duration and cost, whilst
improving productivity and performance. Growing trends of integration and de-
centralisation in the industry largely manitested through adopting design-build and
partnering approaches, has added to these challenges. The need for innovative ways to
face these challenges has long been recognised (Latham, 1994; Egan, 1998). Many
challenges in today’s construction processes arise from poor access to the right
information at the right time for timely decision-making and from a general
communication breakdown between the project participants (Kondratova et al, 2003).
Thus, quality, quantity and timing of information is important, as it can either hinder

or facilitate successful results (Garza et al, 1998). It is estimated by the construction
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Industry that potential time and cost saving through improved processes, by applying
Information Communication Technologies (ICT), can constitute from 10% to 20%
range (Rankin, 2002). ICT have advanced significantly in recent years and major
advances such as the development of novel computational techniques and
communication technologies (e.g. wireless and Internet technologies) are seen as
primary tools to facilitate such a change and to overcome perceived shortcomings in
current practice (Anumba, et.al 1997). In this regard, there has also been a movement
towards the use of collaborative processes that leverage the Internet platform, thereby
allowing participation of the project team, from the very early stages of the project.
However, these Internet-based collaborative working solutions are tailored primarily
towards the needs of desktop-based fixed network client. The collaboration needs of
site-based staff and other mobile workers are not well addressed (Aziz et al, 2004;
Bowden et al, 2002; Rebolj et al, 2002). As a result, the flow of electronic information
comes to an abrupt halt when it reaches the construction site, only reaching selected
personnel in the site office. Thus, many of the efficiency and knowledge-based
benefits of ICT tools are lost. The extension of these ICT tools to support the
information needs of mobile construction workers will be an essential factor in
eliminating these problems (Bowden et al, 2002). Also, the information intensive
nature of the construction project, the unstructured and dynamic nature of the
construction sil;e and the hazards and the difficulties presented by the on-site work

necessitates the use of intelligent ways to support mobile construction workers

(Anumba et al, 2003).
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1.3. Research Context

T'he work presented in this research was done as part of an EPSRC funded WiSECON

project. The project had two main aims:

e Tonvestigate the applicability of Wireless-based technologies in the Construction

Industry.

T'o explore the use of the ‘Semantic Web’ in the integration of distributed

construction services.

The research programme followed the following objectives.

Review developments and trends in the use of wireless devices, network
infrastructure, standard practices in construction; along with identifying barriers,
enablers, technical challenges and potential benefits of mobile and wireless
technologies 1n construction.

Review 'Semantic Web' technologies and concepts, with particular attention to the
role of intelligent agents, ontology, common standards and possible applications
within the construction business process;

Identify areas of collaborative communications in construction that can be
supported by wireless communication technologies that use agent based Semantic
Web protocols as a process facilitator.

Develop a system architecture and deployment models for a communications

infrastructure based on the effective integration of these novel technologies with

legacy systems within the construction industry;
Develop prototype/experimental applications that demonstrate the use of wireless

and Semantic Web-based applications to facilitate the construction process
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The WiSECON project adopted a two pronged approach to investigate the
applicability of Wireless and the Semantic Web technologies in the construction

industy. The work presented in this thesis relates to the wireless dimension of the

WISECON project.

1.4. Mobile Computing in Construction — State of the Art

The need to address the aforementioned information needs of mobile construction
workers have long been understood (Murray & Thorpe, 1996; Tenah, 1996; Garza &
Howitt, 1998). As highlighted by Menzel et al (2004), discussions are no longer on
whether or not to use mobile computer-supported solutions but, rather, on how they
should be implanted and used. Parallel to this, there have been significant advances in
mobile communication technologies 1n terms of improved wireless bandwidth, quality
of service and cost. Also, a wide range of portable devices, such as PDAs, mobile
phones and other wearable equipment are emerging, supporting real-time connectivity
and improved processing power and battery life (Anumbea et al, 2003). As a result, the

opportunities for providing an intelligent support infrastructure to support mobile

construction workers are increasing exponentially.

To exploit the potential of emerging mobile communication technologies, many
recent research projects have focused on the application of these technologies in the
construction industry. Some of these are discussed here. Garza and Howitt (1998)
examined the use of wireless communications and computing on construction sites,
giving particular consideration to the trade-off between the value of wireless

nformation transmission against the cost of transmitting it. The COSMOS project
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produced an integrated system for mobile operations support in the construction
industry, focusing on construction sites lacking a permanent network infrastructure
(Meissner et al, 2001). The SABARECO project demonstrated satellite-based
communication between remote construction sites using standards such as TCP/IP
and IFC/XML (Boehling, 2002). Liu et al (2001) focused on the optimisation of
Internet use by low-end handheld mobile computing devices through remote pre-
processing of jobs (Liu et al, 2001). Shiratuddin et al (2002) used handheld computer
for 3D visualisation of design components and assemblies of construction projects.
Rebolj et al (2001) conducted an experiment in which different aspects of mobile
computing were tested on a construction site. While, in an another project Rebol; et al
(2002) 1nvestigated mobile product models to structure the project information so as it
could be effectively displayed on mobile devices. Saidi et al (2002) investigated the
use of hand-held computers in the construction industry for different field activities
including punch-listing, materials management, tracking, drawing access and quantity
surveying and showed the time and cost saving potential. Yabuki et al (2002)
developed an 1nspection support system using PDAs and RFID tags. RFID tags were
attached to building components and served as a hook to retrieve relevant inspection
data. Menzel et al (2002) investigated the possibility of context sensitive data
management on mobile devices, adapting the amount of information delivered to the
device based on the computing power and the size of the screen. A feasibility study

for using wearable computers in construction (Fuller & Sattineni, 2002) showed that

the relatively high cost of rugged industrial wearable computers prevents 1ts wide
spread usage on construction sites. Ward et al (2002) implemented a WLAN-based
system for wireless data collection on the construction site. Kuladinith: et al (2004)

demonstrated the potential of mobile ad-hoc communications within the construction

'
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Industry. In recent years, many researchers have also explored the potential of Global
Positioning System (GPS) based location-tracking technologies for construction
applications. Bacheldor (2002) used a mobile device with a GPS receiver for
construction damage assessment. Morse et al (1998) demonstrated the potential of
using hand-held computers connected to a GPS receiver to support fieldwork, while
Giroux et al (2002) explored the possibility of location-referencing field applications
including field data collection forms, control of environmental sampling during site

inspection, and on-site training. The aforementioned research projects have
demonstrated the potential of mobile communication technologies to support field

work and to enable collaboration at several different levels.

However, the widespread application of mobile computing on the construction site
still remains an untapped potential with many mobile workers effectively prevented to
the mobile information flows that exist (Thorpe et al, 2005). Very often, mobile
applications are designed to support specific high end objectives e.g. site record
keeping and quality inspections (Cox et al, 2002), resource management and site
audits (McCullough et al, 1993). The selective application of mobile communication
technologies often results in a mixed handling of data, where a set of manual and
semi-automated processes work together, resulting in a negative impact on the process
workflows (Aziz et al, 2003). Many reasons have been cited for the lack of

widespread adoption of mobile computing in construction (Bowden et al, 2002;
Anumba et al, 2003) including:

e Perceived high initial equipment cost;

e Perceived lack of rugged devices;

e Perceived lack of computer literate workers;
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* Perceived complexity of application deployment; and

* Lack of understanding of user requirements.

However, with the decreasing costs and fast pace of mobile-IT related technology

growth, 1t has become possible to address many of the technology related

shortcomings of mobile IT deployment in the construction industry.

1.5. Problem Domain

The state-of-the-art in mobile communications in the construction industry (as
discussed in Section 1.4) have some underlined limitations, which are discussed

below:

1.5.1. Existing Mobile IT Applications Lack Context-Awareness

From a methodological viewpoint, existing mobile communication deployments in the
construction industry see support for mobile workers as a "simple" delivery of the
information (such as project data, plans, technical drawings, audit-lists etc).
Information delivery i1s mainly static and 1s not able to take into account the mobile
worker changing context and the dynamic project conditions. Many research projects
on the use of mobile devices for field data collection (e.g. Mrawira et al, 2002;
Yabuki et al, 2002) relied on asynchronous methods of communication with no
consideration of user-context, by downloading field data from mobile devices onto
desktop computers and then transferring this information into an integrated project
information repository. Even in those projects where the real time connectivity needs

of mobile workers are addressed (e.g. Boehling, 2002; Meissner et al, 2001), the focus
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1s on delivering static information to users such as project plans and documents or
access to project extranets. Similarly, most of the commercially available mobile
applications for the construction industry target management staff (e.g. project
management, quality assurance, health and safety etc.) and are designed primarily to
deliver a pre-programmed functionality without any consideration of the user context.
These applications are not aware of who the user is, what is profile/preferences are,
what task (s)he 1s involved in and what existing project conditions are. As highlighted
by Menzel et al (2002a), the construction industry 1s still lacking software systems

designed to support specific on-site tasks, provide helpful guidance through these

tasks, and support intelligent methods of human-computer interaction that take into
account the context of on-site construction and supervision activities. This lacking
often leads to a contrast between what an application can deliver and what data

requirements of a worker are.

In contrast to the existing static information delivery approaches, the construction
work, by its very nature, is dynamic. Due to the unpredictable nature of the
construction projects, different activities are often difficult to anticipate and very often
construction project plans, drawings, schedules, project plans, budgets etc have to be
updated periodically. Also, the context of mobile workers operating on-site 1S
constantly changing (such as location, task they are currently involved in, construction
site situations and resulting hazards, etc) and so do, their information requirements.
As highlighted by Hjelm (2000), 1n a mobaile environment, users do not have the time
to conduct extensive searches while on the move. Thus, mobile workers require that

supporting systems understand who they are, where they are located and to deliver the
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right information at the right time on as-needed basis. Such a capability 1s possible by

a better understanding of the user-context (Aziz et al, 2005).

1.5.2. Existing Mobile IT Applications Lack Semantic Awareness

The existing construction processes require mobile workers to sift through huge
amounts of project data to determine the relevant information. As a result, mobile
workers' effectiveness to perform a particular task very often depends on their ability
to remember the relevant information and documents and their relationships to one
another. As tasks become more complex, the relationships between documents
become even more complex. At the same time, busy project managers are often
involved 1n several tasks and projects at the same time. This include real time progress
monitoring of on-site works, remote expert support, on-site collection of qualitative
and quantitative measurements, collaborative review of technical drawings, on-site
supplier and subcontractor evaluation, on-site evaluation of equipment usage
measurements, keeping track of the physical equipment position anytime and
anywhere, answering audit checklists and filing audit reports during site audits
(Meissner et al,2001). Very often the urgency of the situation does not allow enough
time to search for the relevant information. Keeping track of all the tasks and related
dependencies has become a formidable challenge. The application of technology to
address such issues remains limited. Also, given the limitations of mobile devices
(such as limited display size, limited battery power, storage capacity, low processing
POWET, uncomfortable data input methods), undertaking such information search 1s

even more difficult. All these point to the need for semantic awareness, 1n order to
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help mobile workers (or computer programs) find the relevant information suited to

the workers’ context.

1.5.3. Poor Integration with the Desk-Top Based Infrastructure

From an architectural viewpoint, current mobile communication applications in the
construction industry lack cohesion with the existing desktop based ICT
infrastructure. Existing mobile applications are based on multiple technology
plattorms (e.g. Pocket PC, Tablet-PC, Palm etc) and rigid frameworks, that must be
centrally managed and hand integrated at the source code level for integration with the
existing desk-top based applications. This creates enormous problems in deployment,
setting up and integration with the desktop infrastructure. Resulting complexity and
heterogeneity results 1n 1nconsistent interface, redundancy and out-of-sync
information. In recent years, the integration 1ssue 1s being addressed through the use
of proprietary or open standard APIs (Application Programming Interfaces). In thas
approach, each application needs a specialised API to communicate with another
application (Fig 1-1). Figure 1-1 depicts a scenario illustrating the consequence of
using an API based approach to system integration. Each of the APIs shown in Figure
1-1 are different, meaning that each application needs to have intimate knowledge of
the connecting application. Also, many applications may in fact have more than one

integration to another application, depending on the needs. As a new application 18

added to the system, a new API needs to be created.

10
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Figure 1-1: An API based integration approach resulting in inflexible systems

Some of the most obvious problems of using such an approach to system integration

include:

e This approach towards integration i1s not scalable because of the node to node
connections required (assuming that proprietary APIs are used).

e Such an integration approach may address the problem of local or project based

integration, but is inadequate to ensure seamless information tlow between

different applications.

e Another major drawback of such a tightly coupled system is that system 1s fairly

fragile. If one node down, the entire system can fail.

As a consequence, such an ad-hoc approach towards mobile application development

and integration will create another island of automation (Figure 1-2).
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Figure 1-2: Creating a new island of Mobile Computing (adapted from Hannus, 1998)

1.5.4. Limited Understanding of Mobile Worker Requirements

Current deployment of wireless applications for the construction industry 1s
confronted with a situation 1in which technology and services were designed without a
detailed understanding of the contexts in which these systems will be used, and user
requirements (Anumba et al, 2003). Some attempts have been made 1n addressing part
of these problems but the approaches used have not been holistic. Much effort was
focused on adapting off-the-shelf commercial products to the construction market.
Additionally the choices available to enable mobile working has led many
organisations to focus on managing the technology aspect ot deployment (software,
hardware, networking issues etc) rather than the actual tasks that the device will help
the user to accomplish. As a result, on many occasions technology has failed to meet

the information requirements of mobile construction workers (Anumba et al, 2003).
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1.5.5. Limited Work to Integrate Emerging Technologies

From a technological point of view, there has been limited work to Integrate emerging

technologies (such as the Semantic Web, Web services, Agents, Context-Aware

computing) within the construction work environment.

All the aforementioned factors affect the value proposition of mobile communications

in the construction sector.

1.6. Possible Solutions

In order to discuss the possible solutions of problems described in Section 1.5, this
section presents these in the form of assertions, which have been structured as a chain

of reasoning, and have bearing on the research aims and objectives.

Assertion 1: Understanding of the mobile worker’s context can effectively be used
to improve construction communications

Section 1.5.1 discussed how existing Mobile IT applications primarily rely on static
modes of information delivery, which often result in a mismatch between what an
application can offer and the actual (data) requirements of mobile workers. It is
argued here that the awareness of user context (such as user profile/role, preferences,
task. location, existing project conditions etc) can enhance mobile computing
applications in the construction industry by providing a mechanism to determine
information relevant to a particular context. In recent years, the emergence of
powerful wireless Web technologies, coupled with the availability of improved

bandwidth, has enabled mobile workers to access in real time different corporate

13
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back-end systems and multiple Inter-enterprise data resources to enhance construction

collaboration. Context- aware information delivery adds an additional layer on top of

such real time wireless connectivity (Aziz et al, 2005) offering the following benefits:
 Delivery of relevant data based on the worker’s context (such as profile, task-at-

hand, location, etc). This way, 1t 18 possible to eliminate distractions for mobile

workers, related to the volume and level of information:

e User interaction with the system can be reduced by using context as a filtering
mechanism to deliver only context-relevant information to users. This has the
potential to increase usability, by decreasing the level of interaction required
between the mobile devices (which are constrained by limited interface size) and
the end-users. As highlighted by Rebolj et al (2005), a more detailed
understanding of the context can bring a higher level of abstraction to mobile

devices and make them a better mediator to the virtual world.

* Awareness of mobile worker’s context, through improved sensing and monitoring
can also be used to improve security and health and safety practices on the

construction site;
e Awareness of user-context 1S a new interaction paradigm 1n construction
communications, with a potential to enable a wide range of new services such as

profile based task allocation, location based content delivery etc.

All the aforementioned factors can enhance the uptake of mobile communications in
the construction industry. Similar observations were previously made by Rebolj et al
(2003), who stated that mobile computing implies the following facts:

a) A mobile computer 1s bound to a specitic person;

14
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b) The location of a mobile computer can become a significant piece of

information;

c) The mobile computer (and thus the mobile worker) 1s available anytime,

anywhere; and

d) The mobile worker has access to the system anytime, anywhere.

In the light of the aforementioned factors, Rebolj (2003) concluded that a
communication system, adaptable to the project and the user needs is one of the
possible solutions to improve existing information systems and to decrease the gap
between research in information technology and the state of the practices of everyday
work. In this respect, context-aware technologies can play a critical role by bridging
the gap between the virtual world (as enabled by elements of ICT infrastructure) and
the physical world of actual construction operations (Fig 1-3). In Figure 1-3, context-
awareness 18 used as an umbrella term to describe technologies that be can be used to
bridge the gap between the physical world of construction operations and the virtual
world of ICT infrastructure. Bridging this gap would make construction applications
aware of the on-site activities. This knowledge can be used to deliver context-relevant
information to mobile workers. At the same time, 1t 1s possible to use the knowledge
of on-site activities to improve site-logistics, site-security and Health and Safety
conditions on the site. Some of the technologies which can help to bridge the gap
between the virtual and the real worlds (such as user profiling, ubiquitous computing,

RFID and sensor networking) are discussed in more detail in Chapter 3.
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Figure 1-3: Bridging the gap between virtual and physical worlds through better context-awareness

Assertion 2: Semantic awareness is important to best utilise the captured contextual
information
Semantic awareness 1s important for effective utilisation of captured contextual

information in the following ways:
e To provide a standardised and semantically aware framework for shared

definition of context, resources and their relationships. To enable semantics
based reasoning about the captured context and resources;
e Better understanding of document and application semantics, which would

allow better matching of the captured context with available resources.

e Application of Semantic Web technologies provide an application and
platform-independent way to interpret context, thereby enabling both humans

and software agents to infer new context knowledge and consequently take

intelligent actions.
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Section 4.3 further elaborates on how semantic awareness can contribute to effective

context utilisation.

Assertion 3: Use of open-standards technologies is important to support resource
discovery and integration in a context-aware environment

As discussed 1n Section 1.5.3, the existing approaches to mobile application
development rely on API-based approaches for system integration, which has the

potential to increase system complexity and reduce flexibility. In order to achieve
inter-operability, structured information 1s needed instead of non-standard data
formats (Rebolj et al, 2005). In recent years, many construction researchers (as
described in Section 4.4) have recommended the use of open-standard approaches
such as XML Web Services, to allow different applications and users to discover

services and capabilities and to integrate dynamically. The relevance of such

technologies for context-aware frameworks is discussed further in Section 4.4.

Assertion 4: A detailed understanding of end-user requirements is essential for
optimal information delivery

Meyer et al (2003) described how research into future computing technologies 1s often
far removed from the needs of the user and as a consequence “the nature of such
future systems is often too obtrusive”. While there is a need to integrate emerging
technologies in the construction work environment, it is also important understand
the requirements of end-users 1n the construction industry, so that the technology i1s
rightly aligned to the needs of end-users. Also, the construction industry 1Is
characterised by a very high churn, where construction workforce is always on the

move. For this reason, mobile communication devices need to be developed that are

17
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very user-friendly to operate. Techniques such as dynamic user profiling, voice Input
and output can further make the system user friendly. Features such as context-

sensitive selection of interesting information, suppression of irrelevant data and

superfluous communications can also enhance the usability of mobile applications.

Assertion 4: There is a need to integrate emerging technologies in the mobile

construction work environment

With the fast pace of technology growth in recent years, technologies are emerging
which can be used to enhance support for mobile construction workers. Many of these
technologies are complementary. It is important to explore how these technologies
can effectively be integrated in the construction work environment in order to

Improve construction processes.

1.7. Aim and Objectives of Research

The previous section argued that the awareness of the user context (such as user
profile/role, preferences, task, location, existing project conditions etc) can enhance
mobile computing applications in the construction industry by providing a mechanism
to deliver highly specific information and services to mobile workers by intelligent
interpretation of their context. Against this background, the aim of this research 1s to
study the potential use of context-aware information delivery technologies within the
construction sector and then gauge its readiness for implementing such technologies.
In order to achieve this aim the specific objectives of the research project are:
| To review developments and trends in the use of context-aware computing and
enabling technologies (such as the Semantic Web, Web Services, (mult1) agent

and wireless communication technologies, etc.);

18
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2. To develop a conceptual framework and deployment scenarios of context-aware

information delivery for mobile construction workers:

3. To develop an understanding of the construction industry’s requirements for

context-aware information and services delivery;

4. To implement a prototype application that demonstrates various aspects of

context-aware information delivery in realistic construction situations: and

S. To evaluate the prototype with potential end-users and industry experts.

1.8. Research Procedure

The research procedure included literature review on Context-Aware technologies,
development of a conceptual framework for context-aware information dehivery,
development of futuristic deployment scenarios 1n the construction industry context,
validation of these scenarios with the construction industry and technology experts,
identification of user needs, development of the prototype system based on the user
needs, evaluation of the prototype system with industry experts, and future road-
mapping to identify issues and gaps that need to be filled. Section 2.7 further

elaborates on the research method adopted in this research.

1.9. Research Scope

Context-aware information delivery is a multi-disciplinary product of many different
technologies. A wider range of technologies can be used to capture different context
parameters from the construction site (such as Sensors, RFID, wireless networks, etc).
At the same time, it is possible to capture a wide range of context parameters.

However, in this work five context parameters are addressed including:
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Current location of a worker, which is captured via a wireless local area

network-based positioning system;

User device type, which is captured via a Microsoft NET framework

application;

* User profile, which is captured via association with mobile device’s unique P
address;

e User's activity via integration with MS Pocket Outlook:

e Time via computer clock.

Also, awareness of user context can be used for a variety of applications in various
AEC/FM applications. However, this research focuses on serving the information
needs of on-site personnel. In terms of the standard 7-layered ISO Model for
Communication (OS], 1994) (Fig 1-4), this research effort focuses on the application
(related to construction information delivery) and presentation (related to presenting
information to different mobile devices) layer. Technical i1ssues related to other
communication layers (1.e. physical, data-link, network, transport and session layers)

are considered beyond the scope of this work.

APPLICATION

PRESENTATION

SESSION

TRANSPORT

NETWORK

[ DATA LINK

I_ PHYSICAL

Figure 1-4: 7 Layered ISO Model for Communication (OS], 1994)
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This research addresses the practical need of ensuring that context-awareness is an
Integral component of Mobile IT infrastructure being used by the construction firms.

As a result, this research has a rather broad focus as it addresses a wide range of

1ssues (such as enabling technologies, the industry’s needs etc) related to this theme.

1.10. Justification for the Research

As discussed in Section 1.5, existing mobile IT applications in the construction
industry are constrained by their reliance on static methods of information delivery
and lack of semantic awareness, which often result in a mismatch between the static
information and the dynamic project conditions. This research focuses on a new
Interaction paradigm 1.e. context-aware information delivery, which promises to
match information delivery to changing information requirements of the mobile
workers. Awareness of user context (such as role, profile, location, task, etc) can be
used to enhance construction communications. The potential of improved productivity
in the construction industry via improved communication 1s tremendous. At the same
time, awareness of the user-context can also be used to improve site-logistics, site-

safety and security.

This research takes a holistic view of context-aware information delivery, focusing
not only on those technologies that can be used to capture user-context, but also
addressing those that would help to reason about the context and take subsequent
intelligent actions, based on the interpreted context. Such a holistic approach 1S
important to address the industry’s needs for an intelligent communications platform

for mobile workers. Also, it is important to understand the construction industry
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requirements for future context-aware information delivery technologies. The
approach adopted involves participation of the industry experts in both the system
design and the evaluation phase of this research. Futuristic application scenarios and a
prototype application are developed, which demonstrates the application of context-
aware information delivery technologies 1n realistic construction scenarios. This way

1t 1s ensured that the industry perspective is taken into account. Thus, findings from

this research will contribute significantly to mobile IT research 1n the construction

industry.

1.11. Thesis Structure

This thesis comprises nine chapters. Figure 1-5 illustrates the topics covered in each

chapter. The content of each chapter is described below:

Chapter 1: Introduction

This chapter provides the general background to the research by describing the state
of the art in mobile IT applications in the construction industry. The key limitations of
the existing approaches are highlighted and some possible solutions are discussed.

The final section outlines the research aims and objectives, and presents a guide to the

thesis.

Chapter 2: Research Methodology

Chapter 2 provides an introduction to general research methodologies, and presents

and justifies the methodologies adopted for various stages of this research. Various
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approaches in Information Systems (IS) and Construction IT research are reviewed

and research methods adopted in different phases of this research explained.
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Chapter 3: Context-Aware Information Delivery

Chapter 3 presents the concept of context-aware information delivery and reviews
related work 1n this area. It explains in detail the technologies related to context-aware
computing such as location-based services, user profiling, ubiquitous computing and
wireless sensor networking. Various context-aware information delivery frameworks
are reviewed and the WiSeCon framework 1s presented, which aims to create a
pervasive, user-centred mobile work environment, with an ability to provide highly

specific data and services to mobile construction workers on as- needed basis.

Chapter 4: Enabling Technologies for Context-Aware Information Delivery

Chapter 4 reviews the enabling technologies for context-aware information delivery
including Wireless Communications, the Semantic Web, Web Services and Agent-
based Technologies. It also elaborates on how by exploiting the convergence and

synergy between different enabling technologies, it has become possible to deliver

intelligent wireless support to mobile construction workers.
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