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Abstract
The growth of mobile communications in recent years has transformed the way in
which people and organisations communicate and interact. lt has revolutionised the
construction industry in the way in which information is exchanged and viewed.
Moreover, the use of various mobile project management tools and enterprise project
management systems in construction management has been on the increase. The
construction

industry has greatly benefited

communication

technologies.

However,

the

from

the

existing

advances

mobile

in

mobile

applications

in

construction management only support the delivery of static modes of information
(such as project data, technical drawings, risk assessment etc), it is pre-programmed
and thus not able to take into account the workers' changing context, the dynamic
project conditions and the level of project information. Mobile applications could be
made responsive to users' wishes if they were context-aware. This is done by using
technology that is capable of understanding the users' intentions by taking into
account any relevant supporting information supplied for the purpose.

This research adopted various research methods to achieve its objectives. A
literature review on construction programme management and mobile context-aware
computing was undertaken, followed by user requirements studies to provide detailed
information requirements and identify the user needs. The information was analysed
and resulted in the formulation of the system design goals and a conceptual model,
which led to the development of the functional specification, system architecture and
prototype development. The prototype system was demonstrated and evaluated
interactively by construction programme managers, both in the UK and Malaysia.

The main achievement of the research includes the analysis of the needs for a
context-aware information system, the development of functional specifications and
the interactive demonstration and validation of the concept by practising construction
programme managers. The research concludes that the concept is achievable and
that a mobile, context-aware, information system has huge potential to provide
support for construction programme managers in making informed decisions in real
time. Further recommendations have also been made to enable the realisation of the
concept and to facilitate its adoption in the construction industry.
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Chapter 1
INTRODUCTION
This chapter presents the background to the research project and the problem it seeks to
address. lt briefly introduces the subject areas on which this thesis is based. The first area
is the construction industry- the problem space. The second is construction programme
management - the focus of the changes proposed in this research. The third area is
context-aware computing - a technology that could enable the successful adoption of
mobile construction programme management techniques to improve the collaboration,
monitoring and controlling of construction projects. The chapter goes on to present the aim
and objectives of the research. This is followed by a brief description of the research
programme and methodological approach. Finally, the structure of the thesis is presented
to provide guidance on the overall direction and content of the thesis.

1.1

RESEARCH BACKGROUND AND MOTIVATION

1t has been well documented that the construction industry is fragmented (Egan, 1998),
complex (Cus-Babic et al., 2003) and information-intensive (Aziz et al., 2006b, Anumba et
al., 2008). lt also important to note that a construction project is a highly complex process,
which requires team effort and involves several inter-organisational activities and
information flows (Egan, 1998). Inter- and intra-discipline communication between these
distinctive professionals is often problematic (Craig and Sommervil\e, 2006). The lack of
integration and co-ordination between the industry's distinct professions can be perceived
as a major contributory factor to poor project and programme performance (Faniran et al.,
2001, Gumn et al., 2005).

An integrated construction approach was proposed in various construction environments
and processes such as computer integrated construction (Stefan et al., 2007), the
integrated monitoring process (Cheng and Chen, 2002) and integrated infrastructure
management (Peachavanish et al., 2006). More specific needs for an integrated
information and collaboration environment in construction (to support interaction between
various construction personnel throughout all phases of construction projects) have also
been a topic of interest to many researchers. Many research projects were undertaken to
realise the concept of integrated information in construction. The research studies such as
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Integrated Construction Information (Brandon and Belts, 1995), a construction information
classification system (Caldas and Soibelman, 2003), an integrated information modelling
system (Bouchlaghem et al., 2004) and recently the project information management in a
semantic web environment (Anumba et al., 2008) proved the importance of integrated
systems for current and future construction activities.

Integrated construction creates an opportunity for deploying mobile information and
service delivery for current and future construction management (Stefan et al., 2007).
Apart from integrated information, decision makers need an accurate and up-to-date view
of their project information and of the business strategy (Rajegopal et al., 2007).
Communication and visibility are very important for a successful programme governance
process, enabling the business to maintain a consistent view of the portfolio throughout the
length and breadth of the organisation.

The growth of mobile communications in recent years has transformed the way in which
people and organisations communicate and interact. lt has revolutionised the construction
industry in the way in which information is exchanged and viewed (Lofgren, 2007, Suman
and Psunder, 2008). The construction industry has greatly benefited from the advances in
mobile communication technologies, which include wireless technologies (Aziz et al.,
2006b, Skibniewski and Jang, 2006, Kim et al., 2008) and global positioning system (GPS)
technologies (Lu et al., 2007). These technologies have also increased the speed of
information flow and collaboration (Kirisci et al., 2004), enhancing the efficiency and
effectiveness of information communication (Leung et al., 2008), and reducing the cost of
information transfer.

Researchers (Bowden et al., 2006, Rajegopal et al., 2007, Stewart, 2007, Ozumba and
Shakantu,

2008,

Zietsman,

2008) have shown

that Information

Communication

Technology (ICT) and mobile computing can enhance project information management in
construction, and that they are a pathway to improved performance and strategic
competitiveness.

1.2

PROBLEM DEFINITION

Recently, many research articles have focused on improving site management processes
and efficiency through the use of mobile information and communication technologies
(Cus-Babic et al., 2003, Ozumba and Shakantu, 2008, Zietsman, 2008). This interest has
been devoted to supporting the information needs in construction, specifically with respect
to the collection (Skibniewski and Jang, 2006), delivery (Aziz et al., 2005), analyses
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(Lofgren, 2007), management (Aziz et al., 2006b) and collaboration (Anumba et al., 2008)
involving large quantities of project data. While much of the work is geared toward general
construction and site project data, there are limited published literature to support the
information needs in construction adhere to the programme and project management
methodology.

lt is important to note that to develop any construction information management tool for
construction projects, an understanding of current project and programme management
methodologies are of utmost importance. Programmes are becoming increasingly
important as a management tool for integrating complex activities into a cohesive unit of
focused effort and delivery (Office of Government Commerce, 2007). A programme
describes the process and provides guidance for managing multiple projects and nonproject activities within a programme environment (Project Management Institute, 2008).

In recent years, the use of various project management tools and enterprise project
management systems in construction management has been on the increase (Deng et al.,
2001 ). Various tools are required and are being currently developed by some researchers
such as an internet~based project management system to monitor and control construction
projects (Deng et al., 2001, Kim et al., 2008), a real-time, integrated, communication
system to monitor the progress and quality of construction works (Leung et al., 2008) and
a virtual prototyping system for simulating construction processes (Huang et al., 2007).
This demand reflects the increasing competitive pressure to implement techniques that
can reduce project duration and cost whilst improving productivity and performance.
According to Kondratova (2003), many challenges in the current construction process
arise from poor access to the right information at the right time for timely decision-making
and from a general breakdown between the project participants. Thus, quality, quantity
and timing of information is important, as it can contribute to the success or failure of a
project or programme (Garzaa and Howitt, 1998).

As stated earlier, construction is an information-intensive industry, and as such, the
management of single or multiple construction projects depends on the accuracy and
timeliness of that information. Since a core element of programme management is tracking
progress on a project and taking action (Pellegrinelli, 1997), the accuracy and timeliness of
information becomes critical in programme management. In addition, the programme
manager (a person who frequently needs to make important decisions about the
programme) is typically in physically different locations, further complicating the
accessibility and transmission of critical project and programme information.
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The widespread use of mobile devices, like smart phones and PDAs, in domains like
mobile work, mobile learning and the emergency services envisions a growing market for
new applications (Thurnher et al., 2006). it is well-understood that the use of mobile
information and communication technologies (ICT) is critical in managing construction
projects as the right information needs to be delivered to the right person, at the right time,
and at the right place (Bowden et al., 2006). Information and services that are available
anywhere and at any time are needed. To provide a construction programme manager
with an acceptable and affordable set of information and services, the set being offered
must be custom-tailored to the individual's needs (WeiBenberg et al., 2004). Howev\'lr.
existing mobile applications in construction management only support the delivery of static
modes of information (such as project data, technical drawings, risk assessment, etc); the
information is pre-programmed and thus not able to take into account the workers'
changing context and the dynamic project conditions (Aziz, 2005).

Mobile applications could be made responsive to users' wishes if they were context-aware
(using technology that is capable of inferring the users' true intentions by taking into
account any relevant auxiliary information supplied for the purpose). Context-awareness
aims to use the information of the usage context for adapting the behaviour of the device
according to the situation by an appropriate means (Dey and Abowd, 1999). Thus,
changes in different types of context information could cause a variety of actions to be
initiated by the applications, just as a person might respond to the same signals. This has
been proposed by Hakkila (2005), as a potential step in future technology development, as
it offers many possibilities (e.g. to smart environments, adaptive user interfaces and more
flexible use of devices). Taking into account the special characteristics of mobile hand held
devices, they form a highly-suitable platform for context-aware application development.

This research is driven by the need to test the applicability of context-aware mobile
technologies to construction. This research focuses on a new interaction paradigm for
construction programme managers by supplying specific information at a specific time, at a
specific place and via a mobile device. The delivery of context-specific information and
services to construction programme managers may enhance their project and programme
management activities by providing personalised information and services based on the
construction programme managers' current context.
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1.3

AIM AND OBJECTIVES

The overall aim of this research is to investigate the delivery of micro- and macro-level
context-specific information and services for construction programme management. To
satisfy the research aim, the following research objectives were established:

• To review context awareness, related concepts and enabling information and
communication

technologies

(such

as

wireless

communication

and

Global

Positioning System);

• To investigate the requirements of construction programme managers for contextaware information and services delivery at both macro- (national/regional) and micro(site) levels;

• To develop a functional specification and deployment scenario for an integrated
Wireless Local Area Network (WLAN) and Global Positioning System (GPS)-based,
context-aware, services delivery system;

• To implement a prototype system based on the developed specification using a
combination of ICT tools; and

• To evaluate the prototype system using potential end-users.
1.4

RESEARCH PROGRAMME AND METHODOLOGICAL APPROACH

The outline of the research programme and method is presented in Figure 1-1, which
shows a summarised graphical representation of the main activities undertaken. The study
was divided into six phases, developed iteratively and with a number of feedback loops
(represented by arrows in Figure 1-1). These phase were (a) research problem and
design; (b) review and seeping studies; (c) user requirements study; (d) system
development; (e) system demonstration and evaluation and (f) conclusions and
recommendations.
In the first phase, a review of the literature was conducted to identify the area of concern.
This review included the areas of construction management, project management,
information technology and context-aware computing. This was a fundamental step to
narrow the scope and aim of the study. A structured proposal was then developed,
including the objectives, the unit of analysis and the design of appropriate data collection
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-------------------------------------------------------------------------

methods, followed by a research programme. The research programme was constructed
after having identified the main research focus, objectives, tasks to achieve the objectives
and the estimated duration for each of the tasks and activities.

Research Problem &
Design of Research
Programme

User Requirements
Studies

System Demonstration
& Evaluation

Conclusions &
Recommendations

. n

Figure 1-1 : Outline of the Research Programme and Methodological Approach

The second phase involved the review and seeping studies of the research. The literature
review, technologies review, research methodology review and preliminary semi-structured
interview were conducted to increase the researcher's understanding of the research area
and to clarify some major issues in project management, information systems, research
methodology approaches and the enabling technologies for context-aware computing. This
has broadened understanding of the research issues and approaches, in turn, generated
the need to be more specific in the literature review with a closer examination of the areas
of construction programme management, mobile information systems and structured
research methodology approaches (nested research approach).

The third phase is the user requirements studies, which were conducted with selected
construction programme managers in the United Kingdom and Malaysia to provide
detailed information requirements and user needs. The information collected through semi-
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structured interviews was then analysed and resulted in the formulation of the system
design goals and a conceptual model, which led to the creation of the functional
specification. In phase four, the system architecture and prototype were developed and the
functions tested.

In the fifth phase, the prototype was demonstrated and evaluated interactively by
construction programme managers, both in the UK and Malaysia. Functional and usability
evaluations were conducted. The data collected from the evaluation was analysed and
discussed. Based on the discussion, the prototype was refined. Finally, the last phase
summarised and concluded the findings from the research. Based on these findings,
further research recommendations were suggested.

1.5

STRUCTURE OF THE THESIS

This thesis documents the work undertaken in the research project and comprises eight
chapters, the contents of which are summarised as follows:

Chapter 1: Introduction

Firstly, Chapter 1 introduces the research project by providing the general background to
the research and states the research problems. Secondly it is followed by stating the aim
and objectives. This is followed by a brief description of the research programme and
methodological approach. Finally, it presents the structure of the thesis.

Chapter 2: Construction Programme Management

This chapter is the first part of the literature review and provides reviews and discussions
of construction programme management. Firstly, it presents the definition and reviews the
background information and then it describes the project and programme environment and
lifecycle. This is followed by reviewing the current context of construction programme
management. Finally, the project management information system is also introduced,
described and compared.

Chapter 3: Context-Aware Computing

This chapter reviews and discusses the use of mobile information systems, context-aware
computing and the enabling technologies. Firstly, it reviews the background information on
mobile computing and discusses the application of mobile project management information
systems. lt then reviews the context-aware computing concept, which is followed by
detailed reviews of the definitions, context dimensions, context communications and
related works on context-aware applications. The chapter then goes on to discuss the
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enabling technologies for context-aware computing, which include macro- and micro-level
positioning technologies.

Chapter 4: Research Methodology

Chapter 4 reviews, describes and presents the research philosophies, methodologies and
techniques available to address research problems. This is followed by a presentation and
description of the philosophy, methodology and techniques employed to achieve the
objectives of this research and the justifications for their choice.

Chapter 5: User Requirements Study

The user requirements studies conducted, the conceptual model adopted and the
functional specification created are described in this chapter. Firstly, findings from the user
studies are analysed and presented in detail. Then the user requirements are created and
followed by the construction of the system goals. The conceptual model adopted is then
described. Finally, the functional specifications are presented.

Chapter 6: System Development

This chapter presents and describes how the prototype system development was
conducted. Firstly, the system architecture is introduced followed by a description of the
prototype system development. This includes presenting the justification for the selection
of the hardware, software and platform for the prototype development. The main features
are then presented and described.

Chapter 7: Prototype Demonstration and Evaluation

The prototype demonstration and evaluation conducted in this research is presented in this
chapter. Firstly, functional tests were conducted ·to test the main features of the
application. This is followed by presenting and describing the demonstration and
evaluation process. Then, the results and findings from the demonstration and evaluation
'

are presented and discussed. Finally, the refinementS' made to the prototype, based on the
findings from the demonstration and evaluation, are discussed.

Chapter 8: Conclusions and Recommendations

Finally, Chapter 8 concludes this research by summarising the key findings. Since
research is an ongoing activity, the limitations of this body of work are highlighted. Several
conclusions and recommendations for further studies are outlined.
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Chapter 2
CONSTRUCTION PROGRAMME MANAGEMENT
This chapter provides an understanding of the requirements for information in construction
programme management. Section 2.1 introduces the chapter by defining the terms,
reviewing the history and current state of project and programme management. Section
2.2 presents the construction programme environment while Section 2.3 covers the current
context of construction programme management. This is followed by Section 2.4 which
briefly reviews and compares previous and current project management information
systems (PM IS}. Finally, Section 2.5 summarises the chapter.

2.1

INTRODUCTION AND BACKGROUND

The subject of this thesis is construction programme management and the focused area of
this research is on the construction programme management services. Construction
programme management within this context is the delivery of these services by a third
party on behalf of the client. lt is also important to note that to develop any construction
programme information management tools for construction projects, an understanding of
the current project and programme management methodology are of the utmost
importance. That is the focus of this section.

2.1.1

DEFINITION OF PROJECT MANAGEMENT

A project is defined in BS 6079-1: 2002 Project Management: Part 1: Guide to Project
Management as:

"A unique set of co-ordinated activities with definite starting and finishing points,
undertaken by an individual or organisation to meet specific objectives within
defined schedule, cost and performance parameters."

A project is an endeavour that is undertaken to produce the results that are expected from
a requesting party. A project consists of three components: scope (representing the works
to be accomplished), budget (referring to the cost measured in labour-hours of work) and
schedule (referring to the logical sequencing and timing of the work to be performed}.
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lt is important to understand how the definition of a project can be applied to different
activities from various fields (such as construction, oil and gas, information technology and
the aerospace industry). Features of a project include being non-repetitive, goal oriented,
holding a particular set of constraints and having a measured output.

Project management may be defined as:

"The art and science of coordinating people, equipment, materials, money and
schedules to complete a specified project on time and within approved cost"
(Oberlender, 2000).

Currently, many organisations that use project management methodology eventually
develop some form of higher-level project grouping terminology such as programme
management.

2.1.2

DEFINITION OF PROGRAMME MANAGEMENT

Building on the conception of Ferns (1991), one of the definitions of a programme that
concisely draws together the various features is provided by Pellegrinelli (1997):

'a programme is a framework for grouping existing projects or defining new

projects, and focusing all activities required to achieve a set of major benefits.
These projects are managed in a co-ordinated way, either to achieve a common
goal or to extract benefits which would otherwise not be realised if they were
managed independently.'

lt is interesting to note also that the latest definition of a programme in Managing
Successful Programmes (Office of Government Commerce, 2007) defined a programme
as a temporary, flexible organisation created to coordinate, direct and oversee the
implementation of a set of related projects and activities in order to deliver outcomes and
benefits related to the organisation's strategic objectives. A programme is likely to have a
life that spans several years. However, a project (also a temporary organisation) usually
exists for a much shorter duration and will deliver one or more outputs in accordance with
a specific business case. A particular project may or may not be part of a programme.

Programme management is still in its early years. One of the biggest challenges in the
research and practice of programme management is the lack of consistency and uniformity
in the understanding and use of the terminology. This difficulty is especially acute in the
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simultaneous management of multiple projects (Turner and Speiser, 1992, Maylor et al.,
2006, Winter et al., 2006). Many terms have emerged to describe programme
management as applied to multiple projects. Terms such as multi-project, portfolio,
programme, macro-project, mega-project, super-project, meta-project and combinations of
these terms are commonly used terms found in the literature (Ferns, 1991, Payne, 1995,
Haughey, 2001, Blismas et al., 2004, Maylor et al., 2006). Often these interchangeable
and synonymous terms give the impression that they have similar meanings (Haughey,
2001, Williams and Parr, 2004, Office of Government Commerce, 2007, Project
Management Institute, 2008). Such inconsistency has implications for communication in
research and practice since definitions are often linked to mindsets and philosophies
(Archer and Ghasemzadeh, 1999).

2.1.3

DEFINITION OF PORTFOLIO MANAGEMENT

The definitions of portfolio management are similar to many definitions introduced to
describe a coordinated set of projects or programme management. Reiss (1996) defined
programme management as the co-ordinated management of a portfolio of projects which
call upon the same resources. In 2003, the first publication entitled Managing Successful
Programmes by the Office of Government Commerce (OGC) in the UK uses the term

'portfolio' while defining programme management as the co-ordinated management of a
portfolio of projects that change organisations in order to achieve benefits that are of
strategic importance. On the other hand, the Association of Project Management (APM)
defines programme management as the "co-ordination of a portfolio of projects to
harmonise communications in order to achieve a set of stated business objectives". lt
provides a strategic alignment with the design objectives in order to maintain control over a
multiple project environment. Thereby, it is able to ensure quality end-deliverables which
meet the operational needs of a business.

In the United Kingdom, the terminology of programme management, portfolio management
and multi-project management is not well established. According to a survey (Reiss,
2006), most people and organisations in the United Kingdom industry are still confused by
the term 'programme management'. The results of a survey carried out by the Project
Management Group (PMG) illustrated this confusion (Reiss, 2006). The survey's main
findings were:
•

67% of the respondents agreed that programme management is "the management
of organisational change through projects that bring about change and. that this
nearly always involves benefits management";
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•

37% of the respondents on the other hand, agreed that programme management
means "the management of multiple projects regardless of the purpose of the
projects".

Although the survey did not use a large sample, this disagreement on the definition of
programme management shows that the field is still new to some people. The survey also
found that 48% of the respondents agreed that portfolio management is the management
of multiple projects regardless of the purpose of the projects.

Currently, the Office of Government Commerce (2007) defines programme management
as the action of carrying out the coordinated organisation, direction and implementation of
a dossier of projects and transformation activities (i.e. the programme) to achieve
outcomes and realise the benefits of strategic importance to the business. The Project
Management Institute (2008) defines programme management as the centralised,
coordinated, management of a programme to achieve the programme's strategic
objectives and benefits, and emphasizes the programme's long-term benefit orientation,
strategic nature and the challenge of integrating and coordinating a complex network of
resources.
2.1.4

PROGRAMME MANAGEMENT HIERARCHY

Based on the discussion from the previous section, both the project portfolio management
and programme management areas contribute to the strategic and business-oriented
management of multi-project environments. Although the term 'programme management'
is often used to mean 'portfolio management' and vice versa, it is important to establish
the difference between them. Therefore, for the purpose of this study, the following
hierarchy of programme and portfolio management processes and procedures by
Haughey (2001) will be used (as shown in Figure 2-1 ).
Figure 2-1 provides the structured environment process from business strategies to project
task. Firstly, a project portfolio represents the collection of programmes and projects.
Secondly, programme management is comprised both of operational initiatives (that
enable realisation of business value) and groupings of activities and projects (that enable
the implementation of strategy and seek its outcome) (Rajegopal et al., 2007). Then,
projects are usually managed as part of a life cycle, in a sequence of phases (or steps)
from project initiation through to project completion. Finally, several tasks were included in
each phases.
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Figure 2-1 :Programme Management Hierarchy (adopted from Haughey, 2001)

However, it is important to note that different programmes require different managerial
approaches (Vereecke et al., 2003). The challenges, issues and requirements of
information and services are different between construction programmes and other
programmes such as in agriculture, defence or aerospace. This research project focuses
on the delivery of specific information and services to the programme manager who is
managing multiple construction projects. The many definitions and interpretations of
'programme' all have some validity. Programme management needs to be classified
according to the field of use. Therefore, a specific and clear definition of construction
programme management or multiple construction projects management is needed.
2.2

THE CONSTRUCTION PROGRAMME MANAGEMENT ENVIRONMENT

Programme management, like project management, is a management tool for bringing
together people, activities, information and services to achieve something. Programme
management is a way of approaching the setting up and running of a programme (Maylor
et al., 2006, Rajegopal et al., 2007) and multiple projects (Payne, 1995, Dietrich and
Lehtonen, 2005).
Figure 2-2 below shows a typical programme management environment. Business
strategies, initiatives or policies are influenced and shaped from both the internal and the
external business environment. A programme is then defined, scoped and prioritised to .
implement and deliver the outcomes required. A project, in turn, initiates, monitors and
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aligns the project and related activities that are needed to create new product or service
capabilities, or to effect changes in business operations. The projects will deliver and
implement the required outputs into business operations, until, finally, the full benefits of
the programme can be realised.

lnternalor external business environment
(political, economic, soci61ogical,tecllnologLcal) ..
Influence and shape

New and transformed business operations,
s8rvices and capability

outcomes achieved and benefits fea]ised

Figure 2-2 : The Programme Management Environment (adapted from Office of
Government Commerce, 2003)
2.2.1

THE PROJECT AND PROGRAMME MANAGEMENT PARADIGM

The most widely used sources of project management guidance, the Body of Knowledge
(BoK) from the Association for Project Management (2000) and the Project Management
Institute (2004) are generally focused on achieving single-project objectives. The various
tools, techniques and approaches used in projects in the construction sector reviewed by
Milosevic (2003) are also generally focused on the single-project environment. These
approaches are fairly well suited to the management of single projects and it is therefore
expected that industry is overwhelmingly dominated by the single-project paradigm.
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However, investigation by Blismas et al. (2004) shows that many projects are increasingly
undertaken in a multi-project environment. Turner and Speiser ( 1992) argue that by far the
greatest proportion of project activity takes place within portfolios, or programmes. Payne
(1995) estimates that up to 90% by value of all projects are carried out in a multi-project
context of some sort.

As part of Rethinking Project Management, May/or et al. (2006) review progress in single
and multi-project management over the last decade and conclude that the development
and establishment of programmes and

portfolios as mechanisms for managing

organisations has implications for research and practice for the future. it is important to
note that programme management is increasingly providing substantial benefits to a wide
number of organisations. Although it is applied in different ways, the common theme of
programme management is to 'coordinate projects to gain benefits that would not be
possible if the projects were managed independently'. Thus, according to Ferns (1991 ),
almost all programmes can be categorised into one of the three models as listed below:

1. Strategic programme · a strategic programme is characterized by a group of
projects that results from a change in the mission or objectives of an organisation,
for example privatisation, reorganisation following mergers and diversification into
new businesses;
2. Business-cycle programme • a business-cycle programme is characterised by a
group of projects within a time-related business cycle, such as an annual budget;
and
3. Single-objective programme {or macro project) • a single-objective programme
(or macro project) is characterised by a strategically important large 'project' e.g.
an aircraft, the Channel Tunnel) that, owing to its size, is managed as a group of
smaller projects.

However, the latest publication by the Office of Government Commerce (2007) gives three
distinct types of programme as listed below:
1. Vision-led programme- this delivers a clearly-defined vision, has a top-down
approach, and focuses on strategic or innovative opportunities with a radical
transformation of business, culture or both;
2. Emergent programme- this evolves from current uncoordinated initiatives, and
there is a recognition of the value of a joined-up approach with an emergent vision
and end goal; and
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3. Compliance programme- this can also be called a 'must-do' programme. The
organisation has no choice but to change because of the market forces or the
potential negative impact of not changing.

The nature of each type of programme may vary according to whether it is specificationled, a business transformation or one involving political and societal change (Office of
Government Commerce, 2007).

2.2.2

PROGRAMME MANAGEMENT LIFECYCLE

In order to obtain an understanding of programmes (as required in the research
methodology chapter), researchers and organisations should also look at a framework in
which programme management can operate. Figure 2-3 shows the programme
management lifecycle that is divided into four basic stages:

•

Programme Identification

•

Programme Planning

•

Programme Delivery

•

Programme Closure

Programme identification is at stage 1, where the vision, aims, objectives and scope of the
programme come from the top management or leadership to the programme manager. In
stage 2, the programme planning is done by the programme manager; this includes the
design (the way in which the projects that make up the programme are put together), the
approach (the way the programme will run), the resources (looking at the scheduling and
allocation of resources) and responsibilities (the

identification and allocation of

responsibilities for each area of the programme).

In stage 3, the individual project managers manage the identified projects. The programme
manager's responsibility at this stage is to monitor progress, assess risks and report
progress

to

the steering committee or leadership. The programme manager has a view

across all projects and must ensure the programme stays aligned with the overall strategic
objectives of the organisation.

Finally, benefits realisation comes when the completion of the projects within a programme
enables the benefits identified at the beginning of the programme to be measured. lt is the
responsibility of the programme manager to demonstrate to the steering committee that
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the desired benefits have been realised. Often this will mean that the programme manager
will continue to monitor a programme long after the individual projects are completed in
order to ensure that the benefits are realised at a business level.
Programme Management Stage Mapping

.. vision
·aims & object.lves
·SCOpe

-design

-approach
a

resource

management

·monitor & control
• health check
-progress reporting

• risk management
~issues management

·responsibilities

• benefits realisation

/.,;j;j ':h~ "'""'
tVi)*'lil>H t<..1

t!m-?'i;w,,
1c>Lo':.

Figure 2-3: Typical Programme Management Lifecycle (adopted from Haughey,
2001)

The programme management has overall responsibility for ensuring benefits realisation.
One view is that benefits management should be entirely carried out at the programme
level, making the point that project managers are not well-positioned to consider the
validity of their projects (Office of Government Commerce, 2003}. A programme manager
needs to have a tool or a system that enables him/her to monitor, control and get access
to the specific project information across all projects (for health checks, progress reporting,
issues management and risk management) to ensure that the programme stays aligned
with the overall strategic objectives of the organisation. This is the focus of this research
and is discussed further in the next section.
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2.2.3

CHALLENGES IN CONSTRUCTION MANAGEMENT

The construction industry is not a homogeneous industry; it is made up of diverse and
competing organisations and professional disciplines such as architects, surveyors,
contractors and suppliers. The majority of them are brought together for one project,
before transferring to the next. Each construction project is unique with its own
environment, resources, personnel, scope and timescale, which require different
information, communications and management techniques.

lt has been estimated that as much as 30% of project costs are wasted in the construction
process (Zou et at., 2006). The problems lie in three main areas:

1. Information history, access and delivery
o

Poor information and history - the information passed on is often wrong or
inaccurate (Barber et al., 1999), there are differences in the interpretation of the
information and some available information is overlooked (Vries, 1996), there can
be frustration in not having enough input at the design stage of new-build projects
(McAndrew et al., 2005) and a lack of information from previous project data.

o

Huge amounts of information - huge amounts of project data to determine the
information relevant to the mobile construction workers' (management staff that
move around construction projects) current context (Aziz et al., 2006b).

o

Static mode of information delivery - information delivery in construction does
not take into account the worker's changing context and dynamic project conditions
(Aziz, 2005).

2. Communication and collaboration
o

Poor communication - senior management often do not know what is happening
on site (Barber et al., 1999).

o

Ineffective collaboration - defects on construction works due to a poorly-detailed
drawing, operatives being given incorrect instructions or technical information not
being available (Stupart, 2003).

3. Organisational Operation
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• Complexity and inefficient operation - complexity factors owing to industry-

specific uncertainties and interdependences. These include the inefficiency of
operations (Dubois and Gadde, 2002).
• Inaccurate planning - wrong assumptions are made as to where the project is

going in terms of completion date, low technological input, unfavourable client
attitudes towards projects and lack of support from senior management (Barber et
al., 1999).

The problems stated above become more complicated when it involves multiple project
environments. Researchers (Eionen and Artto, 2003) have classified and identified six
relevant problem areas in managing multiple projects. These are:

1. Inadequate project level activities;
2. Lacking resources, competencies and methods;
3. Lacking commitment, unclear roles and responsibilities;
4. Inadequate portfolio-level activities;
5. Inadequate information management; and
6. Inadequate management of project-oriented organisation.

Modern project management methods and tools have evolved tremendously in order to
overcome problems in construction management. The use of project management tools in
construction management has been widely known (Milosevic, 2003). However, with the
growing complexity of single and multi-construction projects, the traditional methods of
construction management need to be revised because of the high degree of complexity
results from the large number of companies, organisations and professionals taking part in
a construction programme. For example, people and resources are at the same time part
of two (or even more) organisations - their respective company and the construction
organisation.

Therefore,

effort

is

required

for

coordination,

collaboration

and

communication, since the amount of supplied information, exchanged information and
service delivery is high. In addition, there may be large distances between construction
sites, programme management offices and a company's headquarters. Thus, it is
suggested that this will tremendously increase the needs for an efficient delivery of specific
information and services to the programme managers in this complicated environment.

2.3

CONSTRUCTION PROGRAMME MANAGEMENT- CURRENT CONTEXT

The management of construction programmes is experiencing unprecedented changes
and challenges resulting from their complexity, poor communications, globally distributed
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sites, frequent site-location changes, increasing project data flows, low productivity and
clients demanding a productive and efficient service (Construction User Roundtable, 1982,
Hendrickson and Au, 2000, Love, 2002, Emmit and Gorse, 2003). In order to overcome
the problems mentioned above, the construction management team needs to ensure
prompt project delivery, a cost-efficient mode of construction, quality workmanship, socially
and environmentally friendly operations and, more importantly, deliveries that satisfy
clients and their intended users.

A programme usually requires an expanded scope of construction management services,
which is commonly referred to as construction programme management services.
Construction programme management services normally focus on managing the planning,
design and construction of a building programme involving multiple projects and multiple
phases on either a single site or on multiple sites. The Construction Programme Manager
(CPM) is responsible for the overall projects (within the programme), including awarding
contracts, procuring materials, monitoring costs and schedules and managing the
necessary reporting and communications.

There are several issues regarding why project management tools are inappropriate to the
current context of construction programme management. The management of a multiconstruction project and that of a construction programme differ in the following areas
(Table 2-1):-
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Table 2·1 : Comparisons between Construction Project and Programme
Management
Construction
Description
Construction Project
Management
Programme
Management
Project Manager
Designation
Programme Manager

Responsibility
(Pellegrinelli, 1997)
Stakeholder (Lycett et al.,
2004)

Objectives
(Pellegrinelli,
1997)
Project
Delivery
or
(Pellegrinelli,
Outcome
1997)
(Pellegrinelli,
Duration
1997)
Capability (Tanaka, 2005)

Optimization
Management Type
Skill (Tanaka, 2005)

Planning

Resources

Output (Lycett et al., 2004)

Project
manager
has
single point responsibility
for project's success
Specific for the whole
duration of the project

Has set objectives
Single delivery

Fixed duration
Overview
project

of

a

single

Programme
manager
facilitates the interaction of
numerous managers
Come and go over the
course of a programme flexible
more
and
adaptable
Evolves in
line with
business needs
May
involve
the
management of multiple,
related deliveries
May have an indefinite
time horizon
Overview
of
multiple
projects

Self-centred optimisation

Cross-division
overall
optimisation
All-round management
Management by priority
and focus
Project Management Skills Hybrid skill of project
management and general
management skills
Specific for single project Multiple project planning to
planning
integrate in programme
planning
Resource utilisation from lnterdependencies in term
the allocation for a specific of resources utilisation
project
End with completion or Has overall responsibility
sign-off
of
project for
ensuring
benefits
deliverable
realisation

Project and programme management have been used to build some of the greatest
engineering achievements, from the tallest twin tower to the biggest and most complex
structures such as the Bird's Nest Stadium (Beijing Olympic Stadium). In part, this success
can be attributed to the project managers' focus and discipline inherent in project
management, and the integration and coordination of such complex initiatives facilitated by
the programme manager in a programme management framework.

Programme management provides a bridge between projects and the organisation's
strategy, they must be both adaptable and forceful, absorbing shocks and discontinuities
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yet ensuring that progress is achieved (Pellegrinelli, 2002). The programme manager
needs to act like a strategic manager, using a wide range of skills and competencies to
realise lasting organisational changes in the face of vested interests and cultural diversity.
From a strategic management perspective, an organisation requires flexibility to shape and
respond to its own environment.
2.3.1

DEFINITION OF CONSTRUCTION PROGRAMME MANAGEMENT

In this thesis, construction programme management is defined as follows:

Construction

Programme

Management

is the centralised co-ordinated

management of a group of related or unrelated construction projects that together
provide certain elements that assist the organisation to achieve defined business
goals, objectives and benefits.

Construction programme management deals with the integration and management of a
multiple-construction environment and complex resources utilisation with the intent of
achieving benefits that would not be realised if they were managed separately. A
construction programme usually requires an expanded scope of construction project
management services, which should be referred to as . 'construction programme
management services'. The services normally focus on managing the programme
planning, design, performance and strategy for construction of a building or infrastructure
programme. These involve the management of multiple projects from different phases on
either a single site or on multiple sites. These also could be related or unrelated projects.

Construction programme management is about the total process, and not just about
completing a project on time, budget and quality. lt is strategic approaches from
construction project management. The Construction Programme Manager (CPM) is
responsible for all the stages in the construction programme management. Effective
management tools a vital for a strategic overview of the process of realising constructed
assets, and skills in managing the disparate stakeholders in the project (Winch, 2002).
Hence,

the

construction

programme

management

required

an

integrated

and

computerised tools to coordinate the projects within the programme, and to set priorities
between them.
2.3.2

THE ROLES OF THE PROGRAMME MANAGER

The concept of construction programme management was based from general programme
management standards from Office of Government Commerce (2003) and Project
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Management Institute (2006). Project and programme management were driven first by
manufacturing companies and, later, by the aerospace, defence and construction
industries (Lock, 2004 ). Thus,

to understand the roles of the construction programme

manager, it is important to understand the general roles of a programme manager. The
role of programme manager is very different from the role of project manager (Pellegrinelli,
2002, Fathi et al., 2007, Rajegopal et al., 2007). The role of the programme manager is
very complex. In addition to being accountable for profit or cost targets linked to business
strategy, it can vary from managing multiple projects to managing multiple projects with
operational responsibilities (Brown, 2008). The programme manager defines, establishes
and manages the groups of interdependent projects and programmes, as well as
overseeing the progress within the individual or multiple projects (Rajegopal et al., 2007).

Programme management decisions are both tactical and strategic in nature. The strategy
'

aspects of these decisions must consider multidimensional impacts beyond the
approaching delivery dates of the project. On the other hand, the programme manager
establishes boundaries and frameworks for the project manager to deliver the project
(Brown, 2008). The programme manager has to be concerned with the overall health and
effectiveness of the programme over the long-term (Rajegopal et al., 2007) whereas the
project manager is and should be more delivery and execution focused (Brown, 2008).

The fact is that today's programme manager must execute a programme effectively with
two drivers that are in a constant state of change: [1) people; and [2) technology.
•

People (for a variety of reasons), come and go in today's business or construction
environment. Therefore, the organisation must have the ability to expand and
contract on a rapid basis and react to changes in the marketplace. The ability to
acquire people rapidly and to enable them to make a valuable contribution quickly
is a necessity for survival in today's marketplace (Brown, 2008).

•

Technology that changes rapidly. The programme manager must also deal with
constant changes in technology on a variety of fronts (Internal to an organisation).
As technology changes, every company has opportunities to improve operations
(Archibald, 2003).

Programme managers also have a fundamental role as a mediator, moderator and
manipulator of the demands and pressure on projects. They must embrace and deal with
the ambiguity, tensions and interplay between the need for concrete action and the
strategic imperative of openness, options and a speedy response. Programme managers
thus would actively shape the context for projects in the programme and the context in
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which the programme itself exists. According to Ferns (1991 ), the personal goals of the
programme manager are likely to be to:
'
• Generate savings and maximise return by the coordination and effective
management of projects;
•

Ensure that projects are delivered successfully;

•

Predetermines the scope, time, cost and quality;

•

Support project managers in their execution of projects; and

•

Maintain project alignment with business objectives.

Meanwhile, in the United Kingdom, the Department for Education and Skills' website
(http://www.dfes.gov.uklppm/) has produced guidance to help programme managers
understand the specific skills and abilities required for effective Programme and Project
Management (PPM). The programme manager is expected to:
•

Plan the programme and monitor its overall progress, resolving issues and initiating
corrective action as appropriate.

•

Be responsible for the quality assurance and overall integrity of the programme - ·
focusing inwardly on the internal consistency of the programme; and outwardly on
its coherence with infrastructure planning, interfaces with other programmes and
corporate technical and specialist standards.

•

Manage both the dependencies and the interfaces between projects.

•

Manage the programme's budget on behalf of the Programme Director, monitoring
the expenditure and costs against the delivered and realised benefits as the
programme progresses.

•

Facilitate the appointment of individuals to the project management teams.

•

Ensure that the delivery of new products or services from the projects is to the
appropriate levels of quality, on time and within budget, in accordance with the
programme plan.

•

Ensure that there is an efficient allocation of common resources and skills within
the project portfolio.

•

Manage third party contributions to the programme as appropriate.

•

Ensure effective communication with all stakeholders.

•

Ensure that the risks to the programme's successful outcome are managed.

•

Initiate extra activities wherever gaps in the programme are identified.

•

Report progress of the programme at regular intervals to the Programme Director
(typically reporting to the Programme Director or SRO).

•

Ensure that the benefits of the programme activities are identified and measured.
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•

Manage the knowledge transfer within the programme.

Performing such a role clearly demands a high level of competence, astuteness and
sensitivity (Pellegrinelli, 2002). Project managers would normally be directing small teams
to achieve defined objectives; however, a programme manager directs many teams with a
wider scope and . applicability. The following section briefly describe the roles of the
construction project manager and construction programme manager in managing
construction project and programme.

2.3.3

THE ROLES OF THE CONSTRUCTION PROJECT MANAGER

The general definition of project management requires strengthening before it can be used
for defining construction project management, which according to Walker (2007), can be
defined as:
'The planning, co-ordination and control of a project from conception to completion
(including commissioning) on behalf of a client ... lt requires the identification of the
client's objectives in terms of utility, function, quality, time and cost, and the
establishment of relationships between resources, integrating, monitoring and
controlling the contributors to the project and their output, and evaluating and
selecting alternatives in pursuit of the client's satisfaction with the project outcome.'

Construction project managers have the primary responsibility to configure the project
team, schedule the job and set up a cost control system (Gould and Joyce, 2009). If there
are changes on the job, the construction project manager negotiates the costs, time and
quality with the various parties. In other words, the construction project manager applies
effective management techniques to the planning, design and construction of a project
from inception to completion for the purpose of controlling time, cost and quality. More
detailed information regarding the roles of construction project managers can be found in
many construction management publications (Hendrickson and Au, 2000, Lock, 2004,
Gould and Joyce, 2009).

2.3.4

THE ROLES OF THE CONSTRUCTION PROGRAMME MANAGER

Construction programme management is a professional service provided by a team
experienced

in

architectural

and

engineering

design,

construction

procurement,

construction management, project management and programme management (Morris,
1997, Winch, 2002). The team acts exclusively on behalf of the stakeholder to achieve the
defined goals, objectives, strategy and programme benefits and is lead by the construction
programme manager.
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The primary goal of the construction programme manager is overall control of all aspects
of the construction programme (meaning the pre-design planning, programming of
requirements,

pre-design

budgeting,

design,

construction,

equipping,

furnishing,

commissioning, occupancy and close-out of the project). For the purpose of discussion on
the roles of the construction programme manager in managing a construction programme,

to all post-award activities. This is
because the tool and application to be developed is related to the post-award activities.

the term construction programme relates primarily

However, knowledge of the pre-award activities such as plans, specifications and
estimates development, mitigation measures and the project award process is still
necessary.
During the lifecycle of a construction programme, the construction programme manager
creates and receives an enormous quantity of construction data or documents and then
analyses and uses the data to make decisions which can affect the outcome of the
programme. These data include requests for information, field orders and directives,
meeting minutes, submittals and general correspondence. Management and control of
these data is vital to success as they can contain information about a claim or some costsaving measure. An enterprise project management system must be developed and
implemented in the early stages of any programme management (Williams and Parr,
2004). This is for the storage of all project data (or, in a traditional system, references to all
documents) in a central location from which it can easily be retrieved and searched.
Centralised data control allows the construction programme manager to access
information quickly - which is now required in today's fast-paced construction industry. As
with any control system, proper planning at the early stages will save substantial time and
money later. Computerised and enterprise project management systems make data
retrieval for major issues much easier and more efficient.
Based on the survey conducted by KPMG, the discipline of project management is
maturing in professionalism and profile. However, only a minority of organisations invest in
project management or programme management capability development (Gumn et al.,
2005). Increased success, or less failure, can be achieved by adopting a range of good
individual practices, including benefits realisation measures. However, a collective and
systematic approach is required to substantially increase the organisation's success rate
and to help reduce the loss of benefits. According

to Gumn et al. (2005), integrated

governance is the key to significant and sustainable success and delivering the
organisation's commitments in project and programme management. The companies that
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were able to adapt quickly to the new technology were able to exploit it to increase
productivity (Brown, 2008) and efficiency (Archibald, 2003). Thus, before developing and
using any available technologies, it is important to see what the requirements of a
construction programme are.

2.3.5

CONSTRUCTION PROGRAMME REQUIREMENTS

The management of construction projects requires knowledge of modern management as
well as an understanding of the design and construction process (Hendrickson and Au,
2000). Construction projects have a specific set of objectives and constraints such as a
required time frame for completion. While the relevant technology,

institutional

arrangements or processes will differ, the management of such projects has much in
common with the management of similar types of projects in other specially or technology
domains such as aerospace, pharmaceutical and energy developments. Therefore, this
also shows that the construction programme is different when compared to other
programmes. Complex, dynamic and huge construction programmes require a different
approach to programme management.

There are various requirements of construction programme management which are
dependent on the specific programme in the construction industry. Some of the
requirements collected from various sources (Turner and Speiser, 1992, Hendrickson and
Au, 2000, Pellegrinelli, 2002, Project Management Institute, 2006, Office of Government
Commerce, 2007) are:•

Manage programming, planning, design and construction;

•

Manage various resources (people, equipment, materials, etc.);

•

Provide specialised services as the owner's representative or agent;

•

Supplement or support the owner's existing staff;

•

Provide a single point of management for the entire design and construction
process such as the Programme Management Office;

•

Maximise front-end planning to reduce problems during execution;

•

Employ a variety of delivery systems for design and construction;

•

Provide a range of services, from early feasibility studies to post-construction
facilities management;

•

Establish and manage cost and time parameters;

•

Provide value engineering input and cost analysis;

•

Prepare bid packages;

•

Establish and maintain quality control standards; and
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•

Provide periodic reports reviewing the status of each project.

11 is important to note that in construction programme management, the complexity and
dynamic nature of the construction environment can create an information overload
(Ireland, 1997) thus resulting in the lack of high-quality of information (if the construction
programme management system is not able to respond to the rapidly changing
environment). The construction programme manager may become confused with the
amount of information available and be unable to confirm the accuracy of information and
estimates (Eionen and Artto, 2003), thus affecting the decision-making process. According
to Dietrich and Lehtonen (2005), the successfulness of construction management is
strongly related to the quality of information the decision makers have on projects. Their
study shows a strong statistical relation in all dimensions of information (included in their
framework): the availability, topicality and validity of information. This indicates the
importance of high-quality information in decision-making as an enabler for the
organisation to successfully implement its strategies throughout the project.

A core element of programme management is tracking the progress of projects and taking
action (Pellegrine/li, 1997). Effective and efficient project deliverables are creating
competitive advantages for the organisation (in monitoring and controlling the construction
programme). Another element of monitoring and control is the risk management and
control. Risk analysis and management at the programme level tends to address wider
issues (Pellegrinelli, 1997). These include strategic management and benchmarking.

Therefore, tools are needed to support construction programme managers in monitoring,
controlling and making an informed decision in construction programme management. lt is
important to note that the tools for decision support, not decision-making tools, are
emphasised in this discussion, since the thought processes in decision-making should be
supported and not replaced by the tools used. This support is provided through techniques
or models, data and the management of large amounts of information, so decision makers
can make informed decisions based on the most important facts (Archer and
Ghasemzadeh, 1999).

2.4

INFORMATION SYSTEMS FOR CONSTRUCTION PROGRAMME

MANAGEMENT

11 has been shown in the previous section that by far the greatest amount of project activity
takes place not in the form of traditional single and large projects with dedicated teams of
people, but within portfolios or programmes (either small or medium-sized projects).
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Project management information systems (PMIS) provide all project stakeholders involved
in this process with the necessary information. PMIS are socio-technical systems
comprised of people, their organizational system (processes and organizational structures)
and software to ensure the supply of information (Ahlemann and Riempp, 2008).

According to Raymond and Bergeron (2008), PMIS usually acquired by organizations as
software packages are meant to provide managers with the decision-making support
needed in planning, organising and controlling projects. However, the traditional project
management systems (developed for the single project environment) are built around a
Gantt chart (to plan, schedule and monitor the progress of activities) and the critical-path
method (to analyse complex sequences of activities and to schedule those activities within
the constraints imposed by the availability of the dedicated resources). Project
management information systems have changed considerably over the last decade. They
no longer focus on scheduling and resource management alone. Instead, they have
become comprehensive systems that support the entire life-cycle of projects, programmes,
and portfolios (Ahlemann, 2009).

Any programme managers need a system to assign priorities for resources to the various
projects on a day-to-day basis (Turner and Speiser, 1992), to ensure information is easily
rolled up and down the business (linking the executive and operational levels) (Rajegopal
et al., 2007) and to assign tasks from several projects to teams of people (to enable all the

chosen projects to make smooth and continuous progress). Hence, the traditional systems
must be improved. Research work by Turner and Speiser (1992) and Ahlemann (2009)
has been acknowledged as meeting the needs of programme management. This is
designed to give programme managers and decision makers a far more accurate and upto-date view of their information and of the business. Communication and visibility are at
the heart of a successful project and programme governance process, enabling the
business to maintain a consistent view of the portfolio throughout the entire organisation
(Rajegopal et al., 2007).

Although the literature review shows that the use of a project management information
system (PMIS) is in fact advantageous to project and programme managers (Ahlemann,
2009), the PMIS should continue to be validated and challenged. Improvements in
effectiveness and efficiency in managerial tasks were observed when using PM IS in terms
of better project planning, scheduling, monitoring and control (Pellegrinelli, 1997).
Improvements in productivity were also observed in terms of timelier decision-making.
Advantages obtained from PMIS use are not limited to individual performance but also
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include project and programme performance. According to Raymond and Bergeron (2008),
these systems were found to have direct impacts on project success, as they contribute to
improving budget control and meeting project deadlines as well as fulfilling technical
specifications. Therefore, they conclude that PMIS make a significant contribution to
project success and should continue to be the object of project management research
(Raymond and Bergeron, 2008).

To summarise, this section has described the latest understanding of programme
management methodology (Office of Government Commerce, 2007, Project Management
Institute, 2008, Artto et al., 2009). The following section reviews and compares the
available information system models (related with construction project management) from
Turner and Speiser (1992), Froese (1992) and Ahlemann (2009) in order to select the
most suitable project management information system (PMIS) model to be adopted as a
reference model (RM) in this research.

2.4.1

OVERVIEW OF REFERENCE MODELS IN INFORMATION SYSTEMS

Information systems (IS) are technical systems with social consequences (Hirschheim et

al., 1995). They comprise people, software, hardware, procedures and the surrounding
organizational system. Most importantly, information models play an important role in the
analysis, design and deployment of information systems (Fettke and Loos, 2003).
Depending on the phase or level of IS design and implementation, three different types of
such information models can be distinguished (Ahlemann, 2009):
1. Conceptual models help with documenting, analysing, and understanding the
requirements that an IS needs to meet. These models do not take any technical
aspects into consideration and focus on the problem that needs to be solved or the
processes that need to be supported.
2. Design models specify the general architecture of the information system by
describing larger technical building blocks called components. Such components
are not, however, analysed in detail.
3. Implementation models depend on specific technologies and are closely related
to software programming.

The term "reference information model" was first used by Luiten et al. ( 1993) when they
combined their individual research activities on modelling in the architecture, engineering
and construction domains. The resulting unified domain model is called IRMA (Information
Reference Model for AEC) (Luiten et al., 1993). Reference models are one approach to
accelerate the development of enterprise-specific models (Fettke and Loos, 2003).

30

Reference models provide companies and researchers with an initial solution for the
design of organisation and application systems (Thomas, 2006). Thus, the following
sections review and compare the available project management reference models to be
selected as the reference model in this research.

2.4.2

PREVIOUS PROJECT MANAGEMENT REFERENCE MODELS

One of the important reference information models for project management in the
architecture, engineering and construction (AEC) industry was published by Froese
(1992), who called it a "standard model". Proprietary, object-oriented, modelling
techniques are used to develop a project management domain model and a corresponding
application system. This is followed by Sacks (2002) who developed an integrated AEC
information service using object methods and a central project model. Both models were
designed for a single-project management system.

2.4.3

PREVIOUS PROGRAMME MANAGEMENT REFERENCE MODELS

The first reference information model for programme management was published by
Turner and Speiser (1992). This model requires the coordination of the objectives of
programme directors, project managers and resource managers. lt shows how the
information requirements of all three sets of managers can be

met by an integrated system

as shown in Figure 2-4. The integrated system consisting of three major elements (Turner
and Speiser, 1992) is as follows:
•

A master project scheduler (MPS) (that is used by programme directors to manage
the priorities between projects and to assign resources to individual projects);

•

Traditional project-management systems (that are used by project managers to
deliver individual project objectives in conventional ways, using the assigned
resources); and

•

People schedulers (that are used by resource managers to assign people

to

the

multidisciplinary teams working on projects, within the constraints set by the
programme directors, but meeting the objectives of the project managers).
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Programme
Directors

Resource Pool

Resource Managers

Product Benefit

Planning
System

r----·

Project Managers

Project Work

Figure 2-4 : Information-Systems Requirement of Programme Management (adopted
from Turner and Speiser, 1992)

Recently, Ahlemann (2009) presented a reference information model for enterprise-wide
project management that covers all project management. processes that are related to
planning, controlling and coordinating projects (RefModPM). RefModPM·s primary target is to
provide validated process and data structure descriptions, based on the literature and empirical research, for project management {Ahlemann and Riempp, 2008). The model can
also be used for the design of project management software and the set-up of the
surrounding organizational system, as well as for the definition of software requirements
that are essential to select a commercial project management software system. RefModPM
covers both single-project management and multi-project management. it is based on a
single, uniform, information system architecture called M-Model (as shown in Figure 2-5)
and makes use of the Unified Modelling Language (UML) Version 2.
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Figure 2-5 : The M-Model

Within RefModPM' the M-Model is detailed into ten activity diagrams that correspond to the
project life-cycle phases outlined in the scope of the M-Model as shown in Figure 2-5.
Each of these activity diagrams has an assigned class diagram that describes the data
structures required to support the respective process. Where necessary, the activity
diagrams are further refined in more detailed process descriptions.
2.4.4

COMPARISON OF THE REFERENCE MODELS

Based on the previous and current project management information system review, Table
2-2 compares four project and programme management information system reference
models intended for construction management. Based on the research study by Ahlemann
(2009), and for the purpose of comparisons, to find the most suitable programme
management information system model to be adopted in this research, the following
general requirements were adopted:
1. PMIS models must clearly identify the applicability of the model to a project lifecycle phase or project status;

33

I

---

------ - -

- -

2. PMIS models must identify the project's information in a hierarchical system

I

(project,

programme

or

portfolio

level) for

the

purpose

of

multi-project

management; and
3. PMIS models must be identified on the topic covered according to the nine
knowledge areas of the Project Management Body of Knowledge (PMBOK) by the
Project Management Institute (2004 ).
Table 2-2 : Comparison of Project and Programme Management IS Reference
Models
RefMod"M
. Sacks
Froese
Turner and
Model
Speiser
Model
Model
(Froese,
Model
(Sacks,
(Ahlemann,
1992)
(Turner and
2002)
2009)
Speiser,
1992)
Domain Characteristics

Identification,
Identification,
Delivery,
Planning,
Planning,
Delivery,
Delivery,
Closure
Closure
Project
Project,
. Project
Project,
Management levels
Programme,
Programme,
Portfolio
Portfolio
Construction
Many
Building
Many
Supported industries
Industry
Industries
Information
Industries
such as IT,
such as IT,
Architecture,
Architecture,
Engineering,
Engineering,
Construction
Construction
and
and
Aerospace
Aerospace
Topic Covered
(According to the nine knowledge areas of the Project Management Body of Knowledge
(PMBOK 1(Project Mana ement Institute, 2004))
Integration management
No
Yes
Yes
Yes
Yes
Yes
Yes
No
Scope management
Time manaqement
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Cost mana_g_ement
Yes
Yes
Quality management
No
No
No
Yes
Yes
Yes
Human resource
management
No
Yes
Yes
Yes
Communications
management
Risk management
No
No
No
Yes
Yes
Yes
No
Procurement management
Yes
Models available for:

Programme lifecycle phases

Planning

Data structures
Organizational structures
Processes

Yes
Yes
No

No
No
Yes

Yes
No
Yes

Yes
Yes
Yes
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Based on the comparison in Table 2-2 it is clear that the RefModPM model goes beyond the
scope of previous reference models. However, this is not surprising, since RefModPM uses
some ideas from previous work and extends them according to additional requirements.
Table 2-2 also demonstrates the extent to which RefModPM represents significant research
progress in the field of PMIS reference models. RefModPM was adapted as a reference
model in this research because:
•

it has a significantly wider scope (covering project planning, execution, initiation
and benefit realisation);

•

it has been designed to serve both single and multi-project management purposes;
and

•

it covers all functional areas of PMI's PMBOK.

RefModPM can provides guidelines for developing a mobile application for construction
project and programme management by using activity diagram that correspondent to the
project life-cycle phases outlined in the scope of the M-Model. The implementation of
mobile application with right project management information system reference model can
improve the quality and quantity of information flow in current information systems for
construction industry. An important task of better information and communication flow is to
provide an up-to-date organisation structure that will resolve the· problems of multiple
agents and hierarchies (Suman and Psunder, 2008). Therefore, to overcome problems
caused by the f:agmented nature of the construction industry and the lack of co-ordination
and communication between partners, the idea of mobile computing can be applied. This
is the focus of the next chapter.

2.5

SUMMARY

This chapter has reviewed project and programme management and the relationship
between them. The current context of construction programme management is discussed,
focusing on the roles and challenges for construction programme manager in managing a
programme. Finally, a brief review and comparison of project management information
systems is provided.

Based on the reviews and understanding of the construction programme manager's role in
construction programme management, a mobile application system may be able to
address the following:
1. Improvements in terms of more timely decision-making;
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2. Improvements in effectiveness and efficiency in managerial tasks in terms of better
project planning, scheduling, monitoring and control;
3. Provide a tool or a system that enables construction programme managers to
monitor, control and get access to the specific project information across all
projects (for health checks, progress reporting, issues management and risk
management) to ensure that the programme stays aligned with the overall strategic
objectives of the organisation.
4. Ability to make an informed decision based on the instant access of information;
5. Improve the quality and quantity of information in current information systems;
6. Improve coordination and communications between the project team; and
7. Improve budget control and meeting project deadlines as well as fulfilling technical
specifications.

Construction programme managers have fundamental roles as mediator, moderator and
manipulator of the demands and pressures on projects. They must embrace and deal with
the ambiguity, tensions and interplay between the need for concrete action and the
strategic imperative of openness, options and speedy response. A review of the literature
shows that knowledge and information-sharing between projects could be a cornerstone of
effective programme management. Therefore, the essential foundation is to assist a

construction programme manager in delivering his/her roles effectively and efficiently by
ensuring access to real-time information and services (to and from the construction site)
based on the current context. The next chapter deals with mobile computing, contextaware computing and the enabling technologies, all of which have a role in an effective
information system for the construction programme manager.
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Chapter 3
, MOBILE CONTEXT-AWARE COMPUTING

This chapter reviews and discusses the use of mobile information systems, context-aware
computing and the enabling technologies. Firstly, Section 3.1 introduces the chapter.
Then, Section 3.2 reviews the background information on mobile computing and discusses
the application of mobile computing in construction programme management. This is
followed by Section 3.3, which reviews the concept of context-aware computing. To obtain
a better understanding of the concept, detailed reviews have been conducted which
include definitions, context dimensions, context-aware communications and related works
on context-aware applications. Section 3.4 then goes on to discuss the enabling
technologies for context-aware computing, which includes macro-, micro- and hybrid-level
positioning technologies. Finally, Section 3.5 summarises and concludes the chapter.

3.1

INTRODUCTION

During the last ten years, mobile devices have become an integrated part of daily life. As
developments in information technology have enabled more complicated functions and
services, the role of the mobile device as a generic tool in everyday life has grown. One of
the main mobile devices, the Personal Digital Assistant (PDA), has evolved to a mature

level. Its speed, memory capacity, communication possibilities, reliability, small size and
long power independence, as well as its level of hardware and software standardisation,
give the PDA a powerful potential in the information chain of a construction project (Magdic
et al., 2002). With the advancement of current technologies (such as GPS and WLAN),
mobile devices can be tracked to get location information. However, location information
without the context of the surrounding environment has limited value. Various applications
have been developed to include other contextual information that depend on the
surrounding environment such as the Active Map Services (Schilit and Theimer, 1994),
GeoNotes (Fredrik et al., 2001 ), Health Care Context Management System (Jahnke et al.,
2004) and GENIO (Garate et al., 2005). Taking into account the special characteristics of
mobile handheld devices, they form a platform that is well-suited to the development of
context-aware applications for construction programme management.
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The concept of context-aware computing can be attributed to Weiser (1993). He above all
has introduced the fundamental concepts of ubiquitous computing by 'vanishing computers
into the background', he also proposes context-aware computing: '... computers will
become invisible to common awareness. People will simply use them unconsciously to
accomplish everyday tasks'. According to Hakkila (2005), Weiser also paints a picture of
computers knowing their location, being able to do information capture and context-based
information retrieval, and offering seamless interaction to support the user's current task.
However, as a first step, it is important to understand the mobile information system to
develop any information support tools.

3.2

MOBILE INFORMATION SYSTEMS

A mobile information system is one in which access to information resources and services
are gained through end-user terminals that are easily movable in space, operable no
matter what the location and, typically, provided with wireless connections (Pernici, 2006).

Currently, mobile devices are used to access all sorts of information and are becoming a
major means of accessing information and services, either client or web-based
applications. The widespread use of mobile devices, in domains like mobile work, mobile
learning and the emergency services envisions a growing market for new applications
(Thurnher et al., 2006). Mobile devices and wireless technology are also being upgraded
and are thus providing applications with a variety of functionalities along with better levels
of service.

The concept of using mobile applications and applying Wireless Local Area Network
(WLAN) technology to the construction site is not new. Mobile applications and WLAN
technology were identified by many researchers (Garzaa and Howitt, 1998, Aziz et al.,
2005, Bowden et al., 2006, Chen and Kamara, 2008, Suman and Psunder, 2008) as a
viable solution to the problem of real-time data capture on construction sites. They cited
the main advantages as being the mobility and value added (no service provider charge
and higher data transfer rates than other technologies). Magdic et al. (2002) and Pernici
(2006) also agreed that the advantages of mobile information systems are not just their
ability to provide cost-effective services but also new value-added services owing to their
mobility and flexibility (with respect to the context of use). The rapid developments in
mobile and wireless ICT and mobile devices have now enabled the new possibilities of
portability and on-demand access to information systems and communication tools that
construction organisations are requesting (Lofgren, 2007).
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This concept and technologies has the potential to cause a paradigm shift in construction
management practices, by allowing mobile users access to context-specific information
and services on an as-needed basis. Aziz et a/ (2005) presents and discussed the
architecture and implementation of a context-aware information delivery system for mobile
construction workers. Their findings show that the knowledge of contextual information not
just allows for better project control and monitoring, but also for decision making.

3.2.1

MOBILITY TO SUPPORT DECISION-MAKING

The mobility of information to support decision-making has been one of the main research
focuses in computer-integrated construction research. Researchers (Russe/ and Froese,
1997, Stefan et al., 2007) have established the foundation and standards for an integrated
project repository that allows all construction personnel to exchange information. An
example is the EU-funded Mobile Integrated Communications in Construction (M/CC)
project (as shown in Figure 3-1 ). M/CC was aimed at promoting the use of an integrated
communications framework to provide voice and data communication to all workers on a
construction site. However, the capability of timely and informed decision-making is still not
that satisfactory. Access to project information on a construction site is limited by the onsite network and the Internet infrastructure, which is often unavailable (Kondratova, 2003).

Figure 3-1

Mobile Integrated Communication in Construction (MICC) Projects

(adopted from MICC, 1998)
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Many research projects have been conducted on the use of mobile devices for
construction site data (Magdic et al., 2002, Bowden et al., 2006), but in these projects the
communication with the project data repository is conducted asynchronously. That is, by
downloading field data from mobile devices onto desktop computers and then transferring
this information into the integrated project information repository. The availability of real
time and complete information exchange with the project information repository is critical
for decision making in the field of construction programme management, as information
frequently has to be transmitted to and received from the project repository right on site
without the construction programme managers making regular site visits. it is important to
note that to take full advantage of the recent developments in wireless communications,
mobile computing, web services and context-aware computing, research efforts by Aziz et

al. (2006a) have shown that it is possible to provide real-time and synchronous information
to the construction worker thus enabling informed decision-making anywhere and at
anytime.

3.2.2

MOBILE COMPUTING FOR CONSTRUCTION

Advancing the application of information technology (IT) in construction is a major
international research and innovation endeavour of concern to scientific establishments
and industry (Amor et al., 2002). However, despite huge progress in this field, information
technology does not have a significant effect on construction management and
collaboration. Currently, most construction operations are still, to a major extent, reliant on
traditional means of communications, such as face-to-face meetings and the exchange of
paper in a wide variety of forms and formats (Suman and Psunder, 2008).

Construction managers need the flexibility of a computing system for each project (Kimoto

et al., 2005). Mobile computing does not only involve mobile computing devices (laptops,
notebooks, PDAs and wearable computers), which are designed to be carried around, but
also the mobile networks to which these computers are connected and mobile services to
which applications involved (Magdic et al., 2002). Current mobile computing technologies
can thus improve the fieldwork in construction (Bowden et al., 2006), and enhance
productivity (Kimoto et al., 2005) and collaboration (Aziz et al., 2006a) in construction
management.

According to Chen and Kamara (2008), areas that can be improved by implementing
mobile computing technologies can be identified by taking account of the information
management activities of the following:
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•

Where information is retrieved or transferred either to or from construction work
sites by paper;

•

Where information is processed on paper such as view, amend, edit, check,
update, collect and record;

•

Where information could be fully automated if electronic data was to be available;

•

Where communication with other personnel using traditional methods is involved
(e.g. by telephone, tax, or post); and

•

Where information exchange from person to person, person to information system,
person to document storage place, work site to site office and site office to
headquarters is involved.

3.2.3

MOBILE PROJECT MANAGEMENT TOOLS

A number of mobile project management tools have been developed and commercialised.
These include Punch List by Strata Systems (http://punchlist.com/), ListPro by lllium
Software

(http://www.iliumsoft.com)

and

Pocket

Plan

by

Twiddlebit

(http://www.twiddlebit.com/). However, many of those tools were only intended to work on
a personal organiser for task management and the use of a calendar (for planning
purposes), they were not integrated and not able to provide support (e.g. send and
received construction information) in construction management. Several systems that have
the potential to support construction project management are reviewed in Table 3-1.

Table 3·1 : Comparison of Mobile Project Management Tools
No

1

2

Mobile
Device
(Platforms l
Cywren Project Management System
Pocket
- Cywren Systems developed project management PC/PDA
software for the PDA that enables users to use (Windows
Microsoft Project files on a PDA. The project Mobile)
management software package (e.g. CyProj,
CyAct, CyStat and CyRisk) provide valuable
features required in managing multiple projects
(such as programme dashboard, master Gantt
chart and financial portfolio). However, they are
stand-alone software; the user has to open each
program separately to use the features and they
does not integrate with any enterprise project
management system. More detailed information
accessed
at
can
be
http://www.cywren.com/index.html

Primary
Application
Areas
Project
management
software for
and
single
multiple
projects.

Sensory Pro Tracker'M
Mobile
- Sensory Pro Tracker'M is integrated into major devices, PCs
laptops
project management tools such as Primavera rM and

Project
management
to
software

Tools and Description
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3

Mobile
Device
(Platforms)

and Microsoft Project™. lt is the only product that
provides real-time information on the status of
activities from mobile devices. The application can
run on handheld devices and all leading operating
systems. The application is also accessible via a
web browser from PCs and laptops. The software
assigns users the activities they will see on their
handheld either through the work breakdown
structure (WBS), projects, activity level or activity
code. However, when involved in multiple projects,
the user has to browse through various stages to
find the information that he/she needs. More
detailed information can be accessed at
http://www.sensorynet.co.uklproducts.html

(Java,
Windows
and
Mobile
Web Based)

Vela System

PC Electronic
Tablet
construction
(Windows
OS, Java and document
management.
Web Based)

- Vela Systems software automates field activities
in construction projects. The application runs on
Tablet PCs and all leading operating systems.
Vela users can electronically access construction
documents and complete field reports, safety
inspections, work lists, punch lists, schedule
updates and other critical activities. However, the
Vela system does not integrate with any enterprise
project management system and does not provide
project management tools such as a Gantt chart.
More detailed information can be accessed at
http://www.velasystems.com/

5

Primary
Application
Areas

Tools and Description

No

track
progress.

Project
Mobile
- Wrike is an integrated, online, project device, Tablet management
that
management solution that helps in managing PC,
laptop tool
projects, teams and businesses via e-mail. Wrike and PC (Web provides
instant
provides instant information on the progress of the Based}
information on
projects by sending an e-mail notification to the
the progress
user if there are any changes in the details or
of the projects
status of a task made by colleagues or the project
team. The Wrike system is a stand-alone system
by sending an
and does not integrate with any enterprise project
e-m ail
notification to
management system. One of the main features is
that Gantt charts are automatically built from
the user.
emails. Since the Wrike system uses email as the
main medium of communication, this can create
an email overload for the users, especially for
programme managers managing big or multiple
projects that involve many team members. More
detailed information can be accessed at
http://www.wrike.com/
Wrike
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As can be seen in Table 3-1, a wide range of mobile project management tools exist but
there are limitations such as their capabilities of handling huge amounts of project data,
their stand-alone system design and their inability to integrate with enterprise project
management systems. In addition, some systems depend heavily on emails and require
data to be stored in the mobile device. lt is well known that the construction industry is an
information-intensive industry (Anumba et al., 2008) and, as such, the management of
single or multiple construction projects depends on the accuracy and timeliness of that
information (Fathi et al., 2007). The applications should not just store the data or
information in the mobile device, but also keep the system updated, so that the users will
have instant access to current information.

3.2.4

MOBILE COMPUTING FOR CONSTRUCTION PROGRAMME MANAGERS

The programme manager typically moves between physically different locations, further
complicating the accessibility and transmission of critical project and programme
information. lt is well understood that the use of mobile information and communication
technologies (ICT) is critical in managing construction projects as the right information
needs to be delivered to the right person, at the right time and at the right place (Bowden
et al., 2006). However, the existing mobile applications in construction programme
management only support the delivery of static modes of information such as project data,
technical drawings, risk assessment etc. they are pre-programmed and thus not able to
take into account the workers' changing context and the dynamic project conditions (Aziz,
2005).

Mobile applications could be made responsive to users' wishes if they were context-aware
by using technology that is capable of inferring the users' true intentions thus taking into
account any relevant auxiliary information supplied for the purpose. Changes in different
types of context information could cause a variety of actions to be initiated by the
applications, just as a person might respond to the same signals.

This research focuses on a new interaction paradigm for a construction programme
manager by supplying specific information to a specific individual at a specific time and at
a specific place. The delivery of context-specific information and services to construction
programme managers can enhance the project and programme management activities by
providing personalised information and services based on a construction programme
manager's current context.
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3.3

CONTEXT-AWARE COMPUTING

Context is a powerful and longstanding concept in human-computer interaction. Humancomputer interaction is a discipline concerned with the design, evaluation and
implementation of interactive computing systems for human use in a social context, and
with the study of major phenomena surrounding them (Ghaoui, 2006). Interaction with
computation is by explicit acts of communication (e.g., pointing to a menu item) and the
context is understood (e.g., default settings). Context can be used to interpret explicit acts,
making communication much more efficient (Ghaoui, 2006).

3.3.1

DEFINITIONS OF CONTEXT-AWARE COMPUTING

Although most people have an understanding of the meaning of the term context, the
usage of the word is often blurred. Since every word has alternative meanings depending
on when, where and by whom it is used, according to Dey and Abowd (1999), an
understanding of the full meaning of context is only the first step towards using it
effectively. However, in reality, the definition of the term 'context' varies, depending on the
background or field of the researcher.

This section reviews the definition of context from the standard definition and various
researchers' definitions and presents the context dimensions and related works in contextaware applications. it provides a better understanding of the meaning of context-aware
computing by discussing the related concepts, which include the categories and
characteristics of context, context dimensions and context communications. Thus, the
research questions concerning what context awareness is and how context-aware
computing works will be answered.

Researchers have tried for decades to define the term "context". Schilit and Theimer
( 1994) first introduced the term 'context-aware' in their research which described an active
map service that supports context-aware computing by providing clients with information
about located objects and how those objects change over time. In other words, it refers to
context as location, the identities of nearby people and objects and the changes to those
objects. A similar definition have been proposed by other researchers. Brown et al. (1997)
define context as location, the identities of the people around the user, the time of day,
season, temperature, etc. Meanwhile, Ryan et al. (1998) define context as the user's
location, environment, identity and time.

Dey (2000) defined context as: "any information that can be used to characterise the

situation of an entity. An entity is a person, place, or object that is considered relevant to
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the interaction between a user and an application, including the user and application
themselves". This is a more precise definition that can be used as a guide for the research
community and adopted in this research.

3.3.2

HOW CONTEXT WORKS

For a detailed understanding on how context works, an examination of the computer
science definitions should be made. More research work has been done into contextaware computing in this area than any other field. Why is it so hard for computer systems
to take account of context? According to Lieberman and Selker (2000), one reason is that,
traditionally, the field of computer science has taken a position that is antithetical to the
context problem: the search for context-independence. Many of the abstractions that
computer science and mathematics rely on - functions, predicates, subroutines, 1/0
systems and networks - treat the systems of interest as black boxes. Something goes in
on one side, something comes out of the other side, and the output is completely
determined by the input (Figure 3-2).

INPUT

APPLICATION

Figure 3-2 : The traditional computer science "black box" (adopted from Lieberman
and Selker, 2000)

According to Dey (2000), context includes not only implicit input but also explicit input. For
example, the identity of a user can be sensed implicitly through face recognition or can be
explicitly determined when a user is asked to type in his/her name using a keyboard. From
the application's perspective, both are information about the user's identity and allow it to
perform some added functionality. Context-awareness uses a generalized model of input,
including implicit and explicit input, allowing any application to be considered as being
more or less context-aware in so far as it reacts to input.

Lieberman and Selker (2000) expand that view to take account of context as an implicit
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input and output to the application. That is, the application can decide what to do, based
not only on the explicitly presented input, but also on the context, and its result can affect
not only the explicit output, but also the context. Context can be considered to be
everything that affects the computation except the explicit input and output, as shown in
Figure 3-3.

Context is:
- State of the user
- State of the physical environment
- State of the computational environment
- History of User-Computer-Environment interaction

Explicit Output

c:=:=:~>
Figure 3-3 : Context is everything but the explicit input and output (adopted from
Lieberman and Selker (2000))

Additionally, Lieberman and Selker (2000) also suggest that, to be more accurate, the
diagram should close the loop, bringing the output back to the input. One consequence of
this definition of context is that what is considered to be context depends on where the
boundary around the system under consideration is drawn. This affects what will be
considered to be explicit and what it will be considered as implicit in the system. When
discussing about human-computer interfaces, the boundary seems relatively clear,
because the boundary between human and computer action is sharp.

Context-awareness means that the context information is available for use. A system is
context-aware if it can extract, interpret and use context information and adapt its
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- - - - - - - - - -

----------

functionality to the current context of use. There are various terms used for context-aware
applications, such as context-aware computing, situated computing, context-sensitive
computing and situation-dependent computing (Aziz, 2005). However, these terms refer
basically to the same concept, namely, the ability of the applications to respond to their
environmental situation.

3.3.3

OVERVIEW OF CONTEXT-AWARE COMPUTING

Context-aware computing is the use of environmental characteristics such as the user's
location, time, identity, and activity to inform the computing device so that it may provide
information to the user that is relevant to the current context (Burrell and Gay, 2001 ).
Although information about the current context may be available to mobile applications,
how to effectively use that information is still a challenging problem for application
programmers. Context-aware computing has been categorised as follows (Schilit et al.,
1994):

1. Proximate selection, a user-interface technique where the objects located nearby
are emphasized or otherwise made easier to choose;
2. Automatic contextual reconfiguration, a process of adding new components,
removing existing components or altering the connections between components
due to context changes;
3. Contextual information and commands, which can produce different results
according to the context in which they are issued; and
4. Context-triggered actions, simple IF-THEN rules used to specify how contextaware systems should adapt.

While the above categorisation identifies classes of context-aware applications, Pascoe
(1998) proposes a taxonomy of context-aware features, which include contextual sensing,
contextual adaptation, contextual resource discovery and contextual augmentation (the
ability to associate digital data with a user's context). Dey and Abowd (1999), combined
these ideas and mapped them into three general categories of context-aware features that
context-aware applications may support:
•

Presentation of information and services to a user;

•

Automatic execution of a service, and

•

Tagging of context to information for later retrieval.
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However, Chen and Kotz (2000) believe that context in mobile computing has two different
aspects. One aspect includes the characteristics of the surrounding environment that
determine the behaviour of the mobile applications. The other aspect is relevant to the
application. lt is not necessary for applications to adapt to the second kind of context
except to display it to interested users. Therefore, Chen and Kotz (2000) gave their
definition of context as:
Context is the set of environmental states and settings that either determines an
application's behaviour or in which an application event occurs and is interesting to
the user.

Furthermore, they also define the first kind of context as an active context that influences
the behaviours of an application, and the second kind of context as a passive context that
is relevant, but not critical, to an application. Given one particular context class, whether it
is active or passive depends on how it is used in applications. For example, a user's
location information is used actively in the automatic Call Forwarding system (Want et al.,
1992) and used passively in the Active Map application (Weiser, 1993). In the automatic
Call Forwarding system, the location of the user is dynamic and this influences the
behaviour of the application. Meanwhile, in Active Map application, the location of the user
is static. This classification of two types of context helps to give a better understanding of
the use of context in context-aware computing and mobile applications.

3.3.4

CONTEXT-AWARE INFORMATION AND SERVICE DELIVERY

The concept of "context-aware information and service delivery" as discussed in this
research centres on the need to provide context-specific information and services to a
construction programme manager, by an intelligent interpretation of his/her context. This
concept is based on project and programme management methodology (such as the useridentity, user-task or user-activity context) and their environmental situation (such as userlocation and time).

The use of context-aware computing technologies enables mobile applications to deliver
context-specific information and services to the user. According to Aziz (2005), the use of
context-aware information delivery is able to eliminate distractions for the users (related to
the volume and level of information). Context-aware computing also enhances the use of
mobile information systems in construction programme management by not just providing
a filtering mechanism (to deliver information relevant to the task at hand) but also by
increasing efficiency and integrity (being able to make an informed decision). Context-
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aware computing also has the potential to increase usability by decreasing the level of
interaction required between a mobile device and the user (Aziz et al., 2005).

3.3.5

CONTEXT DIMENSIONS

A considerable amount of literature (Schilit et al., 1994, Abowd et al., 1999, Abowd and
Mynatt, 2000, Aziz, 2005) has been published on the types of context such as profile,
location, activity, time, devices and network. These studies show that there are four major
types of context that are important: location, identity, time and activity. These important
context types are able to characterise the situation of a particular entity. They not only
answer the questions of who, what, when, and where, but also act as indices into other
sources of contextual information (Abowd and Mynatt, 2000). For example, given a
construction programme manager's identity, many pieces of related information such as
phone numbers, addresses, email addresses, a birth date, list of friends, relationships to
other people in the environment and also the task or the project in which he or she is

involved can be acquired. With an entity's location, we can determine which and what
other objects or people are near the construction site, which activities are occurring at or
near the construction site and determine what information should be supplied to the
construction programme manager, the entity, at a specific time (e.g. attending a project
meeting or strategic meeting) (Abowd and Mynatt, 2000).
Pashtan (2005) describes four types of context parameters (as illustrated in Figure 3-4).
These include the user's static context, dynamic context, network connectivity and
environment context. The user's static context includes the user profiles, interests and
preferences. Meanwhile, a user's dynamic context includes the user's location, current
tasks and other people or objects in the vicinity. Network connectivity includes network
characteristics, terminal mobile capabilities, available bandwidth and quality of services.
The environmental context includes time of day, noise and weather.

.I
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Figure 3-4 : Context Parameters (adopted from Pashtan, 2005)

Aziz et al. (2005), in the WiSeCon Framework research project, uses five context
dimensions: User Profile, Location, User Device, Time and User Activity. These are
illustrated in the figure below: -

Information delivery
based on task at hand

Information delivery based on
user occupation/ preferences

Where are my
colleague right now?

Certain services may be
activate during certain
time

Where are my tools?

Recording arrival time
workers on slte

elivering content based on
terminal capabilities

Figure 3·5 : Context Dimension (adopted from Aziz et al., 2005)

Meanwhile, according to Pernici (2006), the main context dimensions for a mobile
information system are:

•

Spatial dimensions which refer mainly to people moving in space and having

so

wireless access to information and services;
•

Spatiotemporal dimensions which describe aspects related to time and space

(such as direction, speed and track);
•

Environment dimensions which refer to ambient characteristics (such as

temperature, light, humidity, noise and the orientation and movement of physical
objects); and
•

Personal-context dimensions, which describe user characteristics (such as

physiological, mental, activity and social contexts).

Context-aware computing applications examine and react to a user's changing context in
order to help promote and mediate people's interactions with each other and their
environment (Schilit et al., 2002). In addition, some have the ability to provide highly
specific data and services by intelligent interpretation of their context (Aziz et al., 2005).
However, the context dimension is not just about the user, location, time, environment and

activity, but should also include communications.
3.3.6

CONTEXT-AWARE COMMUNICATIONS

This section provides a brief, general review of context-aware communication a subset of
context-aware computing. lt explores how context can be used to manage devices in a
dynamic construction environment and to deliver and filter all types of information
associated with

communication.

Nevertheless, the line between information and

communication is not always clear. A broad definition of communication is adopted here
and includes awareness systems that aim to facilitate and mediate human-human
communication,

which

is

important for collaboration

in construction

programme

management.

An early overview paper on context-aware applications from Xerox PARC's Ubiquitous
Computing Initiative identified the dimensions shown in Table 3-2. These dimensions
encompass many types of context-aware applications, including context-aware software to
initiate and facilitate communication (Schilit et al., 1994). I! is important to note that instead
of separate categories, it has become clear that there are a variety of context dimensions
(from manual to automatic) in context communications.
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Table 3-2: Context-Aware Software Dimensions (Schilit et al., 1994)

Information

Command

Manual
1. Proximate selection: objects
located nearby are. emphasised
or easier to choose.
3a. Contextual Information:
different de end in on context.
3b. Contextual Commands:
different depending on context.

Automatic
2. Automatic Contextual
Reconfiguration: adding or
removing components or altering
their connections based on the
context.
4. Context-Triggered Actions:
Rules that specify how contextaware s stems should ada t.

Schilit et at. (2002) define context-aware communication as the class of applications that
apply knowledge of people's context in order to reduce communication barriers. They
discuss in detail the categorisation of various aspects of context-aware communication
with a clear example and explanation of the context, as shown in Figure 3-6. They suggest
a two-dimensional space for such applications based on a simple distinction between
"context acquisition" and "communication actions." Along the "acquisition" dimension, an
application might ask people to manually enter their context, (such as whether they are
busy, in a meeting, not at desk or at lunch), or it may sense and infer a person's context
with varying levels of autonomy and sophistication. Along the "action" dimension,
communication might be manually controlled, (e.g. 'continue with call or text message'
relies on the caller to take manual action). In contrast, applications might act more
autonomously, such as automatically routing a voice call to a mobile phone or to voice
mail. Thus, it is important to note again that context-aware communication can reduce
barriers to communication.
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Meanwhile, Nagel et al. (2001) from the Georgia Tech Aware Home Research Initiative
have investigated the domestic services /averaging-off perception technologies that deliver
information on the whereabouts and activities of members of a family. Their research was
focused on how awareness of location and activity can facilitate both intra- and inter-home
communication. They provide a variety of lightweight interfaces that facilitate a human's
ability to decide whether a proposed conversation should be initiated or not. Moreover,
they also suggest that stages of communication (initiating, mediating and terminating)
could categorize context-aware communication, which is a different, but useful, point of
view.

it is important to note also that, although the characteristics of information and
communication encourage different views, this section has briefly explained the dividing
line between context information and communication, which is important in this research to
further develop collaboration tools as an extension to the delivery of context information
and services to a construction programme manager.

3.3.7

CHARACTERISTICS OF CONTEXT INFORMATION

Chen and Kotz (2000) tried to classify examples of context into the three categories
(devices, computers, and people) used by Schilit et al. (1994). They summarised and
expanded the classification as follows:
•

Computing

context

such

as

il

available

processors,

network

connectivity,

11

,,

communication costs, communication bandwidth, nearby resources such as
printers, displays, workstations and wireless devices.
•

User context: such as the user's identity, profile, location and movements as well
as the people nearby, social situation, gestures, facial expressions, emotional state
and focus of attention.

•

Physical context: such as lighting, sound, temperature, humidity, velocity,
direction/bearing, altitude, smell, taste, weight, pressure, volume and distances.

•

Time context: such as the time of day, week, month and season of the year. The
time span is also considered because when the computing, user and physical
contexts are recorded across a time span, a context history is obtained, which
could also be useful for certain applications.

Dey et al. (2001) introduced four essential characteristics of context information: identity,
location, status (or activity) and time.
•

They refer to Identity as the ability to assign a unique identifier to an entity;
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I

•

Location is defined as more than just position information in a two-dimensional

space. Location also applies to places. Places can be located in a frame of
reference such as geographical coordinates or relative spatial relations, and thus
have a location;
•

Status (or activity) identifies intrinsic characteristics of an entity that can be sensed.

For a place, it can be the current temperature or the ambient light or noise level;
and finally
•

Time, which is context information which helps characterize a situation and

leverage-off the richness and value of historical information. lt is most often used in
conjunction with other pieces of context, either as a time stamp or as a time span,
indicating an instant or period during which some other contextual information is
known or relevant.

The reason for choosing these basic context categories is that the information they provide
can be used to infer additional pieces of context and lead to a more extensive assessment
of a situation (Dey et at., 2001 ). Simple inference, or derivation, of context information
happens when related context information is deduced from a single known piece of context
information (for example, the phone number or the address of a project manager can be
derived from his identity). More complex inference of context information refers to the
process of considering several pieces of context information that describe a situation and
then using them to infer a new piece of context information (for example, by knowing a
project manager's planning and scheduling, his activity on certain days will be known).
This information is not just valuable to the management team, but also other administrative
teams such as in the finance department to produce a budget for the activities or for the
human resources department to plan for staff holidays or leave.

3.3.7.1 SOURCES OF CONTEXT INFORMATION

Context information can be subdivided into physical and virtual information (Barrett and
Power, 2003); it can be further subdivided into static and dynamic information (Candolin
and Kari, 2003). Static information is any information related to the user's environment that
is invariant. Static information may be retrieved directly from the user. The vast majority of
context information is dynamic. Dynamic information must be accumulated continuously,
frequently and automatically. Additionally, past context information may be needed to
understand the full state of the environment (Barrett and Power, 2003). Therefore, it is
important to ask here: 'How does a context-aware information system work?'
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- - - - - - -
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The success of a context-aware information system does not just ·depend on the
understanding of context information but also on how the contextual information data is
being captured, presented and processed. As mobile handheld devices are used in
dynamically varying situations, the context of the usage may change rapidly. This affects
the selection of contextual information, active applications, preferred features and the
performance requirements of the device. Different sources of contextual information for
mobile handheld devices are presented in Figure 3-7. The information sources include
sensors (such as illumination or noise level), device applications, user's goals and
information gained via connecting infrastructure (Hakkila and Mantyjarvi, 2005). The
context-aware application analyses and uses all the information sources to provide specific
information and services to the users.

Physical
environment

-Location
- Noise level
- Illumination
- Movements, etc.

Usage situation, e.g.
User's goals r---------1 - Shopping
-Tour guide
Device applications

Local ad-hoc
connections

Connections to
infrastructure

-Calendar notes
-Reminders
- Contacts, etc.
e.g. with present
-Devices
-People
- Local services
Services
- e.g. Push I Pull
- GSM, GPRS, etc.
- Databases

Figure 3-7: Contextual information sources for mobile devices (adapted from
Hakkila and Mantyjarvi, 2005)

3.3.7.2ACQUIRING CONTEXT INFORMATION

Acquiring context is a prerequisite for any context-aware system. Generally, context
acquisition can be seen as a process where the real situation in the world is captured, the
significant features are assessed, and an abstract representation is created, which is then
provided to components in the system for further use. Approaches to acquire context are
various and include computer vision, location tracking, sensor systems and also more
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predictive approaches (such as modelling users and their behaviour). This section will
focus on acquiring context for a mobile user, since this will be in line with the research
focus.
The use of context in mobile devices is rece1v1ng increasing attention in the current
research. This section reviews selected researchers' (Gellersen et al., 2002, Kim et al.,
2002, Amitava et al., 2006) techniques on how they enhance mobile devices with
awareness of their environment and situation as context. Context can be considered either
from a predetermined context (Kim et al., 2002) or as originating in the physical
surroundings of a device, which is captured through sensors, and finally results from
analysis of sensor data (Gellersen et al., 2002). Devices may have direct or indirect
awareness of context (Gellersen et al., 2002). In the case of indirect awareness, the entire
sensing and processing occurs in the infrastructure while the mobile device obtains its
context by means of communication. In contrast, a device has direct awareness if it is able
to obtain context freely (more or less independent of any infrastructure).

While positional context and visual context are powerful for the augmentation of devices
with some awareness of their situation, they both also have distinct shortcomings. Position
is a static description of an environment and does not capture dynamic aspects of a
situation. Its usefulness as context also largely depends on pre-captured knowledge about
locations. Vision, on the other hand, can be employed to capture activity and other
dynamic aspects, but extraction of specific context is computationally expensive and
problematic in mobile and uncontrolled environments. In their research, Gellersen et a/
(2002) have discussed a multi-sensor context-awareness as an alternative approach
toward context-aware mobile devices.
3.3.8

CHALLENGES FOR DEVELOPING APPLICATIONS

In the development of a context toolkit, researchers (Salber et al., 1999) have raised the
following difficulties, which are common to most of the context-enabled applications. These
difficulties arise from the character of the context information itself:
1) lt is acquired from unconventional sensors. Mobile devices for instance may
acquire location information from outdoor GPS receivers or indoor positioning
systems. Tracking the location of people or detecting their presence may require
Active Badge devices, floor-embedded presence sensors or video image
processing.
2) 1t must be abstracted to make sense for the application. GPS receivers for instance
provide geographical coordinates, but tour guide applications would make better
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use of higher-level information such as street or building names. Similarly, Active
Badges provide lOs, which must be abstracted into user names and locations.
3) it may be acquired from multiple distributed and heterogeneous sources. Tracking
the location of users in an office requires gathering information from multiple
sensors throughout the office. Furthermore, context-sensing technologies such as
video image processing may introduce uncertainty: they usually provide a ranked
list of candidate results. Detecting the presence of people in a room reliably may
require combining the results of several techniques such as image processing,
audio processing, floor-embedded pressure sensors, etc.
4) 1t is dynamic. Changes in the environment must be detected in real time and
applications must adapt to constant changes. For instance, when a user equipped
with a mobile device moves away from the electronic whiteboard, the user loses
the benefit of the wide display surface and the application must modify its
behaviour accordingly. Also, context information history is valuable, as shown by
context-based retrieval applications. A dynamic and historical model allows
applications to fully exploit the richness of context information.

Other factors were discussed in research publications by prominent researchers into
context-aware computing (Schilit et al., 1994, Dey and Abowd, 1999, Pascoe et al., 1999).
They also provide a more detailed discussion about the understanding of context·
awareness and the challenges in developing it.

3.3.9

RELATED WORKS OF CONTEXT-AWARE APPLICATIONS

The PARCTAB system developed at the Computer Science Lab (CSL) at Xerox PARC
(Want et al., 1992, Schilit et al., 1993) integrated a palm-sized mobile computer into an
office environment (network) and served as a starter for research in computing by Weiser
(1991).The Tab is a personal digital assistant (PDA) that communicates via infrared (IR) to
a network of IR transceivers. The system is designed for indoor use such that each room
serves as a communication cell. As the tabs move from cell to cell (room to room) the
underlying infrastructure provides

an uninterrupted and reliable service.

Context-aware computing is an established area of research within information science
(Voelker and Bershad, 1994) and computer science (Schilit et al., 1994, Dey, 2000,
Almeida et al., 2006b, Hyun-Suk et al., 2007). Context-aware computing is a mobile
computing paradigm in which applications can discover and take advantage of contextual
information (Chen and Kotz, 2000). There are many types of context-aware applications,
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which have existed since the early nineties. Schilit et a/ (1994) and Chen and Kotz (2000)
have published a good survey of them.

Since mobile devices are getting cheaper, more powerful and more ubiquitous and the
battery life is getting longer, they are becoming increasingly valuable to the users.
Because of these trends, there is increasing interest in context-aware applications for
mobile users such as applications that change their behaviour according to the user's
context. The Active Badge system from the Olivetti Research Lab (Want et al., 1992) is
generally considered to be one of the first context-aware applications. With the system,
several of these devices could be located in an office and calls can be forwarded to the
closest phone.

Mobile context-aware computing has been demonstrated in various fields and applications,
including, but not limited to, context location (through active badge location system) (Want
et al., 1992), context information (through PARCTAB) (Schilit et al., 1993), context tour
guide (Abowd et al., 1997), context phonebook (Schmidt et al., 2001 ), E911 service (Dao
et al., 2002), context multimedia services (Ojala et al., 2003), context web services (Aziz et

al., 2006a) and context-sensitive application (Aieksy et al., 2008).

3.3.9.1 CONTEXT-AWARE APPLICATIONS IN ARCHITECTURE, ENGINEERING AND
CONSTRUCTION (AEC)

it is important to note that the mobile context-aware application is also gaining interest in
the architecture,

engineering and construction (AEC) industries.

Many potential

applications have been demonstrated for the construction industry, such as resources
requirements at the construction site (Singhvi et al., 2003), disaster management system
(Zreik and Parfouru, 2005), collaboration at the construction site (Aziz et al., 2006a),
information delivery for construction site workers (Aziz, 2005, Behzadan et al., 2008), and
information delivery for construction management (Fathi et al., 2006). Several models and
system architectures for context-aware computing in Architecture, Engineering and
Construction (AEC) have also been developed and reported (Singhvi et al., 2003, Menzel
et al., 2004 ).

3.3.10 THE CONTEXT-AWARE SYSTEM ARCHITECTURES

Several proposals for system architectures that support the development of context-aware
information services have already been presented in the literature (lmielinski and
Viswanathan, 1994, Voelker and Bershad, 1994, Abowd et al., 1997, Brown

et al., 1997).
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These system architectures differ mainly in the way they implement the contextawareness, and in how they adapt to the changing conditions of a mobile environment.

To get a better understanding of the system architecture for developing a mobile
application, several context-aware information system architectures developed for mobile
information and service delivery have been compared as shown in Table 3-3.

Table 3·3 : Comparison of Mobile Information Delivery System Architecture
System

Omnipresent
(Aimeida et al.,
2006a)

Environment and
Architecture
Pocket PC

Building Service
Oreinted System
(Capilla, 2006)

Mobile device

FLAME2008
(Weif!.enberg et al.,
2004)

PDA

Personal
Information based
on Ontology (HyunSuk et al., 2007)

Tablet PC

Intelligent Wireless
Web Service (Aziz
et al., 2 006b)

Pocket PC and
PDA

C-aiS Application
(Fathi et al., 2006)

PDA

Architecture

Offered Services

J2EE Container,
Multi Web Service,
iGIS Framework

Ontology, Using
Various Context,
Personal Profiles,
LBS/GIS-based,
Point of Interest
(POll Services
Context Database,
Service
Configuration,
Context Manager

Service-Oriented
System, Web
Service, Combining
different types of
context-aware
systems
Web Browser, Web
Service, XML,
Sensor Data

.NET Environment,
Web Services and
Client Application,
Map Viewer
Implementation.
Intelligent Wireless
Web Service,
Client Application

.NET, Web
Service, Client
Application

Ontology,
Situation-aware
Services, Olympic
Games Domain in
Beijing, Profiles
and History,
Semantic Matchinq
Ontology and
Database,
Personal Profile,
LBS/GIS based,
PO! Services
Ontology and
WLAN-based
positioning
GIS/LBS (GPS &
WLAN)-based
service,
Personalised

Table 3-3 shows that all context-aware information systems developed utilise the web
service, location context and person profile for information and service delivery.
Meanwhile, according to Persone et a/, (1998), in general, the system architecture for a
context-aware information system consists basically of three main components:
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1. A user device used to access the information and services, typically a portable
device that communicates through a wireless link;

2. A data server attached to the fixed network that acts as the repository for contextdependent information; and

3. A service manager that consists of a software layer acting as an intermediary
between the user device and the data server. The service manager can be either in
local allocation (user device) or remote allocation (server).

In essence, location context can only be provided through the integration of wireless
communications and computing technologies, with 'spatial elements' such as positioning
technologies and spatial data sets. These components form a network using wireless
communication standards to transfer service requests and information between a mobile
user and a service (or server) facility. The following sections describe the enabling
positioning technologies for developing a context-aware information system.

3.4

MACRO· AND MICRO-LEVEL CONTEXT TRACKING

One of the most important dimensions and commonly used context attributes in contextaware computing is based on location. According to Smailagic et al. (2001), many
framework have been developed utilising the location context. In published mobile
computing research (Ojala et al., 2003, Pagonis and Dixon, 2004, Pashtan, 2005), the
parameter location is most often used to approximate the context and to implement
context-aware applications. Mobile computing applications characterised by devices that
are operational and operated while on the move (e.g. PDA-phones, mobile phones), can
significantly benefit from a context location. This section presents, classifies and reviews
the enabling technologies to determine the context location. it also compares the location
tracking technologies to determine their applicability to the research.

3.4.1

OVERVIEW OF THE TRACKING TECHNOLOGIES

Services built on the location awareness on mobile devices or networks are usually
referred to as Location-Based Services (LBS) (Pagonis and Dixon, 2004), and sometimes,
as mobile location-based commerce (Dao et al., 2002). They refer to the provision of
location-based information and services on mobile devices as a result of a user request.
This includes textual, graphical or spatial functions. The location-based service facility is
able to perform spatial functions based on the user's location, generally with the aid of a
Geographical Information System (Dao et al., 2002). A location attribute has been used to
develop numerous location-aware mobile systems, such as Cyberguide (Abowd et al.,
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1997) in Atlanta, USA and GUIDE tour guide (Cheverst et al., 2000) in Lancaster, UK.
Different methods can be used for tracking mobile users both outdoors and indoors.

According to Bonsor (2001 ), a location-based service system will use a combination of
Geographic Information Systems (GIS) with any location-tracking technology such as
Global Positioning System (GPS), Radio Frequency Identification (RFID) and Wireless
Local Area Network (WLAN) technologies. Geographic data is an important aspect of any
location system. Geographic Information Systems (GIS) provide the tools to provision and
administer base-map data such as manmade structures (streets, buildings) and terrain
(mountains, rivers}. GIS is also used to manage point-of-interest data such as location of
petrol stations, restaurants, hotels, etc. GIS information also includes information about the
radio frequency characteristics of the mobile network. This allows the system to determine
the serving cell site of the user.

A variety of different location tracking technologies can be found with significantly different
characteristics,

usage,

infrastructure

and

device

requirements.

Location-tracking

technologies can be classified as micro (location-tracking in an indoor environment),
macro (location-tracking in an outdoor environment} and hybrid (a combination of microand macro-location-tracking technologies). The competing location tracking technologies
are briefly reviewed in Table 3-4 and compared in Table 3-5.

Table 3-4 : Location Tracking Technologies
Technology

Brief Description

Wireless Local Area
Network (WLAN}

Network of devices that connect via radio frequency, such
as 802.11 b. These devices pass data over radio waves and
provide users with a network with a range of 70 to 300 feet
(21.3 to 91.4 meters).

Global Positioning
System (GPS)
(Oioufa et al., 2003)

Global Positioning System (GPS) receives signals from
multiple satellites and employs a triangulation process to
determine physical locations with an accuracy of
approximately 0.5- 5m (commercial use). However, GPS is
inefficient for indoor use or in urban areas where high
buildings shield the satellite signals.

Time Difference of
Arrival (TDOA)
(Aatique, 1997}

The Time Difference of Arrival (TDOA) technique is one of
the position location techniques for cellular-type wireless
communication systems. TDOA techniques are based on
estimating the difference in the arrival times of the signal
from the source at multiple receivers.
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Technology

Brief Description

Active Badge
Infrared (Want et al.,
1992)

An Active-Badge system uses infrared em1ss1ons from a
small infrared badge, carried by the object of interest. A
centralised server receives the emitted signals and provides
the location information.

Radio Frequency
Identification (RFID)
(Bahland
Padmanabhan,
2000)

RFID is a small and battery-less microchip that can be
attached to consumer goods, animals, equipment and other
objects to track their movements. RFID tags are passive and
only transmit data if prompted by a reader. The reader
transmits radio waves that activate the RFID tag. The tag
then transmits information via a pre-determined radio
frequency. This information is captured and transmitted to a
central database.

Table 3-5 : Competing Technologies
GPS

WLAN
Global
City-wide
Campus-wide
Indoor, room level
need
for
No
antennas/readers
No need for lineof-sight (travelling
in a straight line)

X
X

Passive
RFID

Active
RFID

TDOA

Infrared

X
X
X

X
X

X
X

X
X
X

'

""
"

'

..J

1

..J

X

"

'
'

"
..J

X

..J

X

X

X

X

X
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Table 3-5 shows the advantages and disadvantages of the technologies in terms of the
coverage area and availability for use in developing an application. This comparison also
shows that GPS and WLAN technologies have better features and have great potential for
combining the technologies for mobile-application development. This is due to the
coverage area and enabling features such as there being no need for either an antenna or
line-of-sight (which the signal is not required to travel in a straight line to function), which is
important for mobile applications where users are moving back and forth from an indoor to
an

outdoor

environment.

The

following

sections

review

these

location-tracking

technologies.~

3.4.2

MACRO-LOCATION TRACKING

The Global Positioning System (GPS) is a satellite-based, radio-navigation system. There
are 24 GPS satellites orbiting the Earth and transmitting radio signs (Oioufa et al., 2003).
Based on measurements of the amount of time that the radio signals take to travel from a
satellite to a receiver, GPS receivers calculate the distance and determine the locations, in
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terms of longitude, latitude and altitude, with great accuracy. GPS was created and is
controlled by the U.S. Department of Defense (DOD) for military purpose, but the signal is
available to civilian users worldwide free of charge. GPS can be used in various areas
such as air, land and sea navigation, mapping, surveying and other applications where
positioning is required (Danson, 2009).

Other positioning systems are wide-area and cell-based, such as the Global System for
Mobile Communication (GSM) positioning methods. The techniques used are somewhat
similar to the WLAN positioning system. The system performs a triangulation by measuring
the received signal strength, angle of arrival, and/or time difference of arrival between the
mobile device and the base stations (France et al., 2001 ).

3.4.2.1 TECHNICAL APPROACH OF MACRO LOCATION TRACKING

In the past, there has been no de facto worldwide location standard to track traditional cell
phones. User location is determined through triangulation, bouncing signals off towers in
the areas where the phone was last heard to identify signal cross-points between the
towers (EIIison, 2005). Using triangulation, cell towers essentially ping one another and, by
the time it takes to get a response, determine how far a caller is from each tower.

Nowadays, with a GPS-enabled phone, the GPS service can be used to identify a user's
exact location. GPS-based locator technology is much more exact than triangulation
methods (EIIison, 2005). Therefore, the obvious choice for an outdoor positioning system
is the Global Positioning System (GPS). According to Chen and Kotz (2000), the US
Government had turned off degradation of the civil GPS signal to allow an accuracy of 10
to 20 metres, which is 10 times more accurate than before. Then, the accuracy was
increased for commercial applications to a range of 0.5 to 5 metres (Danson, 2009). Many
context-aware applications will certainly benefit from this new policy.

Recently, according to Danson (2009), a new range of highly accurate dynamic satellitepositioning systems is now developed and available where, based on 'precise-pointpositioning' systems, it can deliver 1 cm accuracy on the move, even in obstructed areas.

Therefore, GPS positioning technology has been chosen for adoption for this research due
to its global reach, optimum accuracy and efficiency. GPS data signals used in the
prototype developed in Chapter 6 follow the National Marine Electronics Association
(NMEA) data transmission standard. Under this standard, each sample of GPS data is
encoded as a sentence starting with a data-type indicator, which defines the interpretation
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of the rest of the sentence. Each data-type indicator has its own unique interpretation and
is defined in the NMEA standard. Different sentences with different data-type indicators
may repeat some of the same information but will also supply new data.

Most computer programs that provide real time position information understand and expect
data to be in NMEA format (such as $GPGGA, $GPGGA, $GPGSA, $GPGSV, $GPGLL,
$GPRMC and $GPVTG). This data includes the complete PVT (position, velocity, time)
solution computed by the GPS receiver. Depending on what data elements are needed, a
GPS-based positioning application can receive and process appropriate data sentences
and ignore other sentences. The sentence contains all three pieces of positional data (i.e.
longitude, latitude, and altitude) for a location starts with indicator $GPGGA. A set of string
manipulation statements is used inside the tracking application to extract the necessary
parts of a GPS sentence and store the values in a usable format. A sample sentence
starting with this type of indicator as well as the algorithm used in the research to obtain
and extract the GPS data is shown in Figure 3-8.
SGPGGA,123519,4B07.03B,N,01131.000,E,1,08,0.9,54S.4 1 M,46.9,M, 1 *47

L

Longitude (EasWJest)

' - - - - - - -..
• Latitude (North/Soulh)

' - - - - - - - - -.. Time (hhmmss)
Altitude (m)

Wait for data

;;>-No-ol

Ignore senteflce

Figure 3-8 : Sample GPS sentence and data extraction algorithm (adopted from
Behzadan et al., 2008)
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3.4.2.2 THE APPLICATION OF MACRO LOCATION TRACKING

lt was known for many years that construction projects have utilised the Global Positioning
System in the construction industry (for e.g. (Beliveau, 1996, Roberts et al., 1999, Peyret

et al., 2000, Li et al., 2005)).

With the advent of Real-Time Kinematic (RTK) Global

Positioning System (GPS) positioning, this technology can now be used for dynamic
control and guidance applications such as autonomous plant control and guides (Roberts

et al., 1999), real-time equipment positioning (Peyret et al., 2000, Bouvet et al., 2001) and
piling rigs positioning (Seward et al., 1997). The combination of GPS and WLAN
technologies also contributes to the development of a situational awareness application for
construction equipment (Oioufa et al., 2003). Therefore, it is also important to understand
wireless technologies.

3.4.3

MICRO-LOCATION TRACKING

There are numerous techniques that can be considered for use in micro-location tracking.
Table 3-6 compares various micro and indoor location-tracking technologies. Micro-area
and indoor tracking possess several important properties that are valuable for contextaware computing research. Although, GPS is successful in wide-area tracking, the GPS
signal does not work indoors because the signal strength is too low to penetrate most
buildings. Although reflections can sometimes allow a reading inside a building, multipath
reflection can make that reading unreliable or cause fluctuations (Chen and Kotz, 2000). lt
is a challenging problem to build an ideal indoor location sensor that provides fine-grain
spatial information at a high update rate, which is also unobtrusive, cheap, scalable and
robust (Harter et al., 1999).

Table 3-6 : Comparison of various micro or indoor location-tracking technologies
(adapted from Behzadan et al., 2008)
Microlocation
tracking
technology
Description

Accuracy

RFID-based
tracking

WLAN-based
tracking

Bluetoothbased
tracking

The location of
the moving
RFIS tag is
deduced from
the location of
the reader

Measures the
signal strength
data, which is
then correlated
with location

Works on the
same principle
as WLANbased
positioning
using
Bluetooth
technology

Relatively lowdepends on

Up to 1 m,
provided three

Up to 1 m,
provided there

Dedicated
spectrumbased
trackina
Works on the
same principle
as WLANbased
positioning
using a
protocol to
minimise
power
consumption
Very high
accuracy up to
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Microlocation
tracking
technology

Ability to send
and receive
data from tag

Range

Tag costs

RFID-based
tracking

WLAN-based
tracking

sensing of tags
byRFID
readers

or more
access points
are available

Poor- RFIDbased systems
primarily
support oneway
communications
i.e. from tag to
infrastructure
About 30 cm
(for passive
tags} and 90 cm
(for active tags)
Very cheap
(less than £5}

Support 2-way
data e.g. from
a WLANenabled
mobile device
to the ba ckend
infrastructure
and vice versa
100m

Relatively
expensive
(about £30)

Bluetoothbased
tracking
are a number
of access
points
available
Support 2-way
data e.g. from
PDAto
back end
infrastructure
and vice versa

Dedicated
spectrumbased
tracking
0.3m

Does not
support data
transfer to tag

50 m

50-100 m

-£5

-£5

Most context-aware computing research projects have their own techniques for location
positioning. The following briefly reviews some of the micro-positioning systems adopted.

•

Wireless Local Area Network (WLAN) positioning systems - perform
triangulation calculations based on the received signal levels from fixed access
points whose locations are known in advance, such as the Horus system (Moustafa
and Ashok, 2005).

•

The Active Badge system (Want et al., 1992) - uses unique IR signals transmitted
by the individual badges every few seconds. The signals are then picked up by a
network of sensors placed in the building. The sensors are, in turn, connected to a
server, which then records the location of the badges based on which sensors
picked up, by the signal.

•

RADAR system (Bahl and Padmanabhan, 2000) - an indoor user-location tracking
system based on Radio Frequency (RF). lt uses 2.4 GHz WaveLAN-based network
cards in the mobile and the base stations. The mobile stations broadcast User
Datagram Protocol (UDP) packets, and then the base stations measure the
received signal strengths together with the packet trip times. This information is
then used to determine the position of the mobile devices relative to the base
stations.
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Based on the comparisons in Table 3-6 and reviews (Aziz et al., 2006b, Fathi et al., 2006,
Behzadan et al., 2008), WLAN technology has proved able to provide services in
situations in which traditional access to information is hampered by the Jack of a stable and
reliable networking infrastructure. The potential for utilising the same wireless technology
for location positioning, voice and data communication for construction programme
management is high. Combining WLAN networking technology with location information
enables cost-effective deployment of a variety of asset- and people-tracking applications
for various industries. Thus, WLAN technology was chosen to be adopted in the research
and forms the focus of the following sections.

3.4.3.1 TECHNICAL APPROACH OF MICRO LOCATION TRACKING

This research uses an idea based on the previous research work by Aziz et al. (2005).
They developed a framework for context-aware information delivery for mobile
construction workers and have been able to show the advantages of the concept. Aziz

et

al. (2006a) present and discuss the key layers of the framework (Figure 3-9) and the
deployment architecture (Figure 3-1 0) that combines context-awareness and Web services
to create a pervasive, user-centred mobile work environment, which has the ability to
deliver relevant information to the workers by intelligent interpretation of their context so
that they can take more informed decisions. The WLAN positioning technology used was
from an Ekahau WLAN product.

Figure 3-9 : Context-Aware Services Delivery Framework (adopted from Aziz et al.,
2006a)
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Figure 3-10: The Deployment Architecture (adopted from Aziz et al., 2006a)

The Ekahau WLAN positioning technology is a software-based solution designed to
ensure fast, affordable, implementation with maximum flexibility for possible future
expansion. Ekahau WLAN positioning technology consists of the following components:
• Ekahau Client- a program that runs on a WLAN-enabied client device (PDAs, WiFi
Tags, Notebook). This client sends positioning information to the positioning server.
• Ekahau Positioning Engine - a program that runs on a server or PC. lt calculates
the client device location. The server also provides location coordinates and
relevant information to other applications through HTTP - XML API.
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Figure 3-11 : Ekahau Positioning Engine Components (Ekahau, 2006)
By utilizing existing WLAN infrastructure, deployment becomes very rapid and costeffective. Existing WLAN networks can be location-enabled within hours or days. The
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Ekahau Positioning Engine (EPE) can be integrated seamlessly with existing middleware,
ERP, database, workflow and other enterprise systems through an HTTP-based, scalable
Application Programming Interface (API). Research efforts by Aziz et al. (2005), at
Loughborough University have demonstrated the use of an existing WLAN network and an
Ekahau positioning engine for real-time tracking purposes that are suitable for contextaware information and service delivery within a micro- or site-level environment.

3.4.3.2THE APPLICATION OF MICRO LOCATION TRACKING

lt is important to note that realisation of the real potential of context-aware services for
mobile computing in the construction industry needs to satisfy the constraints introduced
by technological complexity, cost, user needs and interoperability. Additionally, the
success of a context-aware information and service delivery system depends mainly on
the effectiveness with which the server processes the location data and network system to
deliver the information and services as needed. Micro-location-tracking technologies have
also demonstrated huge potential within the construction industry, especially in
construction site operations (Aziz et al., 2005), material tracking and management (Kasim
et al., 2005).

However, in recent years, a combination of macro- and micro-level location-tracking
technology, which some see as a hybrid location-tracking technology has created interest
among researchers (Riaz et al., 2006, Behzadan et al., 2008) and the industry (Privat,
2009). The use of a combination of macro- and micro-level location-tracking technology in
the construction industry remains limited. This combination of location technologies is
important from the view point of this research, as they help in the determination of an
accurate positioning at national or regional levels (including the headquarters, project
office, etc.) as well as at the construction site level (including the area inside the building
structures).

3.4.4

MACRO- AND MICRO-LEVEL LOCATION TRACKING

Many researchers have demonstrated the potential of various indoor (Smailagic et al.,
2001) and outdoor (Bulusu et al., 2000) positioning technologies for location tracking.
However, according to Behzadan et al. (2008), the hybrid location tracking technologies
used to develop a robust position-tracking platform capable of delivering context-aware
information have been popular for tour guides (Abowd et al., 1997, Cheverst et al., 2000)
but have not been widely investigated in the construction industry. The following are some
of the applications utilising a combination of macro- and micro-level location tracking
technology,
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•

The Cyberguide (Abowd et al., 1997). This takes the approach of setting up a

cellular system based on the IEEE 802.11 wireless Ethernet standard. The cells
are defined by the range of their WaveLAN 802.11 base stations. This unusual
approach, using a wireless LAN technology deployed within a metropolitan area,
leads to medium granularity location information and non-overlapping cells. This
can cause blank spots where visitors may lose track of their location. Their Position
Sensor component on a mobile device is able to determine current location via
listening for beacons from cell servers since the cells are not overlapped. Such a
connectivity-based approach to track mobile users can also be realized using
Bluetooth.

•

CampusSpace (Ferscha et al., 2001) uses a hybrid WiFi (802.11b) and Radio

Frequency Identification (RFID) positioning system. The first source is the
measured signal strengths between the mobile stations and the access points
scattered around the campus. That information is then augmented with the use of
strategically placed RFID tags to give more accurate proximity information. The
mobile stations are equipped with RFID readers so that they can pick up RFID tags
as they move. The locations of the RFID tags are recorded in a database in a
server, which is connected to the wireless LAN. The combined information can be
stored locally in the mobile station or in the server, which the mobile station
connects via the wireless LAN.

•

Place Lab (LaMarca et al., 2005) is a project and a software architecture that

allows provision for the location information using existing wireless infrastructure
(or radio beacons) commonly found around us, such as 802.11, GSM, Bluetooth,
and GPS. it is meant to be used in a large environment (a city instead of a
building), and is meant to work out of the box without first requiring users to setup a
beacon database or collect similar data themselves. The prototype system makes
use of beacon databases collected by the war-driving community, which can be
found online on websites such as http://wigle.net/ and http://www.wifimaps.com/.

•

WiseCon (Aziz et al., 2006a) is a project which involved the development of a

conceptual framework and a prototype application to enable context-capture,
context-reasoning and discovery, and the integration of resources based on the
captured context. The current location was captured through a wireless local area
network-based positioning system (Ekahau, 2006). A client application running on
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a user's mobile device or a tag sends constant position updates to the positioning
engine over a WLAN link. This allows real-time position determination of users and
equipment.

There are some other location-tracking systems that are based on network domains, and
they are not specifically targeted for indoor or outdoor use, as shown in Table 3-7.

Table 3-7: Hybrid location Tracking Technologies
Description

Technologies

A-GPS (Gum and
Burroughs, 2006)

This solution is rapidly becoming more common because of
its ability to provide location information indoors and in other
harsh environments such as urban canyons and areas with
heavy tree cover. A-GPSalso offers faster positioning -the
time it takes initially to fix a user's position - than does
standard GPS, but it is sometimes less accurate.

Cell-ID (Bonsor,
2001)

Predominantly used on GSM networks, this system
identifies the cell site to which a user is currently connected,
mapping it to coordinates for an estimate of the user's
location. 3G networks use smaller cell sizes, so positioning
information from these networks offers greater precision.
Cell ID works even when the user is indoors (and cannot
use satellite-based GPS).

Many new context-aware applications such as social networking, local search, and geetagging are expected to be used in places such as indoor or remote areas that are beyond
the reach of GPS. Therefore, alternative and hybrid positioning technologies such as AGPS, WLAN and Cell-ID will become increasingly important to offer a smooth experience
to consumers (as shown in Figure 3-12).
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Figure 3·12 : A-GPS uses a combination of GPS and cellular network technologies

According to Privat (2009), there is no single positioning technology that can efficiently
provide a seamless and transparent location experience indoors and outdoors. The future
will be about hybrid positioning systems, combining GPS, A-GPS, Cell-ID, WLAN, cellular,
motion sensors, and even TV broadcast and proximity technologies, such as 8\uetooth,
NFC and RFID. Privat (2009) also predict that A-GPS, WLAN and Cell-ID will be the
winning combination offering accuracy, availability, interoperability and short fix times at
low cost. it will represent 25% of all positioning solutions by 2014. Stand-alone Cell-ID
and/or WLAN will remain important in regions with low GPS handset penetration.

Finally, it is important to note that location data (longitude, latitude and altitude) alone, has
limited value. In current GPS systems, such as car satellite navigation and consumer
handheld devices, the longitude and latitude are related to the surrounding environment by
indicating the user's position on a map using map data stored on a memory card. This is
an effective way of using GPS in daily activities. However, pre-stored information lacks
relevance in today's era of widespread wireless connectivity and real-time data access
(Gum and Burroughs, 2006). For location information to be useful for construction
programme managers, it must be tied to information and services that have contextual
value to the user and can be delivered effectively to them. Construction programme
managers not only need to know where they are in the context of their surroundings and
intended project, but they also need access to, or be provided with, additional real time
information and services relevant to their work situations or needs. This type of information
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and services should be supplied based on the project and programme management
context (such as activity- or task-based). As a result, the application should be able to
push information or services to the construction programme managers based on the
location, time or activity context.

Thus, an informed decision can be made by the.

construction programme managers.

3.5

SUMMARY

Researchers (Garzaa and Howitt, 1998, Aziz et al., 2005, Bowden et al., 2006, Uifgren,
2007, Chen and Kamara, 2008, Suman and Psunder, 2008) have shown that existing
mobile applications in construction management only support the delivery of static modes
of information; it is pre-programmed and thus not able to take into account the workers'
changing context, the dynamic project conditions and the multiple project locations.
Although the research work by Aziz et al (2005) have shown the feasibility of the concept
to the construction site workers, an integration and a detailed understanding on project
and programme management are needed to provide a construction programme manager
with an acceptable and affordable set of information and services. The set being offered
must be custom-tailored to the individual's needs of the users (Weil1enberg et at., 2004),
because changes in different types of context information could cause a variety of actions
to be initiated by the applications.

This chapter has given an overview of the mobile information systems which are supported
by a broad range of computing and communication technologies, including context-aware
computing and location-tracking technologies (such as GPS, WLAN). The review also
shows the potential of mobile context-aware computing for context-specific information and
service delivery to construction programme managers. This chapter shows that, to develop
mobile context-aware application for construction programme management, the system
should be able to integrate multiple technologies such as context-aware computing, mobile
device, GPS, WLAN and enterprise project management system. These technologies will
be taken forward in this research.

Technology itself would not guarantee success if the system were unable to meet the
needs of the user. Therefore, it is important to understand the relationship and interaction
between the user (human) and the application (computer) before developing any computer
application. The success of the application depends on the right research philosophy,
methodology and techniques. This will be the focus of the next chapter.
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Chapter 4
RESEARCH METHODOLOGY
This chapter describes the research methodology for this study. A · research
methodology refers to the principles and procedures of logical thought that are
applied to a scientific investigation (Fellows and Liu, 2003). The method concerns
both the techniques which are available and those which are actually employed in
this research project. The techniques employed are justified and presented in a
structured way.

4.1

INTRODUCTION

This research was undertaken based on the findings of the literature reviews
discussed in Chapters 2 and 3. One of the main finding shows that by providing
construction programme managers with a mobile application to retrieve and capture
data electronically, the communication, decision and management process could be
improved. This research concerns the investigation of the requirements of the
construction programme managers (human) that will enable them to use a mobile
context-aware information system (computer) for the collaboration involved in the
management of a construction programme. The success of the mobile application
depends on the effective interaction between the user and the system. Therefore, it is
important to conduct this research in a way which is related to human-computer
interaction (HCI) research philosophy. The field of HCI addresses a multidisciplinary
research approach, drawing tools, techniques and paradigms from a variety of
disciplines in both science and design (Kjeldskov and Graham, 2003). This is
discussed further in the following section.
The contents of Chapter 4 are illustrated in Figure 4-1. Section 4.2 presents a
general overview of the research concept and methodology. The review of the
research philosophy, the research approach and the research techniques are then
presented and briefly discussed in Section 4.3, Section 4.4 and Section 4.5
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4.2

THE CONCEPT OF RESEARCH AND RESEARCH METHODOLOGY

Chambers 21st Century English Dictionary defines research as:
'detailed and careful investigation into some subject or area of study with the aim
of discovering and applying new facts or information.'
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The Cambridge Advanced Learner's Dictionary (2003) defined research as:
'a detailed study of a subject, especially in order to discover (new) information or
reach a (new) understanding'.
The emphasis of this definition lies on the research concern of what is being studied
(discovery of information and understanding) and how to study the subject in detail
(method of study). Chapter 2 and chapter 3 discussed the literature review to give an
understanding of the subject area (construction programme management and mobile
context-aware computing), while this chapter discusses how the study was
conducted.

There are two different types of research, namely pure and applied research (Fellows
and Liu, 2003). Pure research is undertaken to develop knowledge and to contribute
to the body of theory which already exists. Meanwhile, applied research seeks to
address issues of applications to help solve a practical problem. Research can be
conducted using various approaches.

The 'nested' approach described by Kagioglou et al. (2000) provides a holistic,
integrated research method, generating a framework that "provides the researcher
with a research approach and techniques that benefit from epistemological level
direction and cohesion". The application of the nested approach to this research is
shown in Figure 4-2 and further described in the following sections.

The outer ring of the nested research methodology represents the unifying research
philosophy, which guides and energizes the inner research approaches and research

techniques. Research approaches consist of the dominant theory-generation and
testing methods. Research techniques comprise data collection tools.
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Figure 4-2 : Nested Research Methodology (adopted from Kagioglou et al.,
2000)

4.3

RESEARCH PHILOSOPHY

All scientific research aims at generating theory. Two of the most central concepts of
the philosophy of science are ontology and epistemology. Ontology is concerned with
the nature of reality. Wand and Weber (1993) refer to ontology as "a branch of
philosophy concerned with articulating the nature and structure of the world". Bryman
(2008) provides a useful insight into the ontological position within social sciences
with his description: "Questions of social ontology are concerned with the nature of
social entities. The central point of orientation here is the question of whether social
entities can and should be considered as objective entities that have a reality
external to social actors, or whether they can and should be considered as social
constructions built up from the perceptions and actions of social actors".

Meanwhile, epistemology is "the theory or science of the method or ground
knowledge" (Biaikie, 1993). Therefore, it

r~fers

to the assumptions made about the

ways in which it is possible to gain knowledge about reality, presenting a view and
justification for what can be regarded as knowledge (Easterby-Smith et al., 2002).
The term epistemology denotes "the nature of human knowledge and understanding
that can possibly be acquired through different types of inquiry and alternative
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methods of investigation• (Hirschheim et al., 1995). There are many ways to
understand the research issues, and one of those is the hermeneutic learning spiral
approach.
4.3.1

HERMENEUTIC LEARNING SPIRAL

In this study, research is approached as an iterative process in which the
researcher's main knowledge, insights and experience form the pre-understanding of
the research area. This pre-understanding is the basis for searching into the literature
on the subject area, which in turn creates a new understanding of the phenomena
being studied. This new understanding is then used to guide empirical research,
which will again generate a new understanding of the phenomenon. The
understanding was generated not only through the stages of the research but also by
proceeding from the whole into its parts and then back again (as presented in
hermeneutic spiral in Figure 4-3)

Preunderstanding

Understanding

Preunderstanding

Understanding

Preunderstanding
Figure 4-3 : Pre-understanding -Understanding: the Hermeneutic Spiral
(adopted from Kagioglou et al., 2000)

In summary, the hermeneutic spiral provided the researcher with the means for
understanding the needs and perceptions more clearly, as well as those construction
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programme managers involved in this study. it started with the pre-understanding of
the issues in the research background in Chapter 1 and the understanding of detail
construction programme management issues discussed in Chapter 2. This in turn
made it possible to reach a greater understanding of organisational processes,
programme management methodology and future implementation by considering the
different viewpoints of the individuals involved in them. Additionally, these have guide
the development of questionnaires and understanding of the issues, needs and
requirements for user study in Chapter 5, system development in Chapter 6 and
finally the evaluation in Chapter 7.

4.4

RESEARCH APPROACH I STRATEGIES

A research method is a strategy of enquiries which moves from philosophical
assumptions to research design and data collection (Myers, 1997). Research
methods can be categorised in various ways. One of the most common
categorisations is quantitative, qualitative or a combination of both methods - called
triangulation or mixed research methods (Fellows and Liu, 2003, Neuman, 2006).
Many research projects use more than one method. The reasons for combining
methods are to capitalise on the strengths of the approaches, and to compensate for
any weaknesses encountered (Love et at., 2002). However, the decision on which
type of research method to follow, depends on the purpose of the study and the type
and availability of the information which is required (Naoum, 1998).

The research approach includes the types of evidence to be collected and the
sources of such evidence, as well as the process of interpretation used to obtain
satisfactory answers for the questions being posed (Easterby-Smith et al., 2002).
Different issues have been considered in determining the most appropriate approach
to achieving the research aims and objectives based on the cost, time and resources
available, as follows:
• The focus of the research on construction programme management;
• The need for rich primary data to allow an understanding of the user
requirements;
• The aim to prove the concept of context-aware computing;
• The aim to answer 'how' and 'what' types of question; and
• The researcher's personal experience and knowledge.
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This issues provide the justification for the selection of the user study approach for
the purpose of learning the programme management process in the organisation,
understanding the user requirements and fostering user acceptance of context-aware
computing. Meanwhile, before discussing the adopted research methodology, the
following sections briefly review the characteristics of the qualitative, quantitative and
triangulation research methods including their advantages and limitations.

4.4.1

QUALITATIVE RESEARCH

The qualitative research method originates from social sciences to enable
researchers to study social and cultural phenomena. Qualitative research also seeks
to understand how people see and interact with the world. it is an exploration of the
subject undertaken without prior formulation (the object is to gain understanding and
collect information and data such that theories will emerge) (Fellows and Liu, 2003).
it uses qualitative techniques including action research, case study research and
ethnography (Myers, 1997).

4.4.2

QUANTITATIVE RESEARCH

The quantitative research method (sometimes referred to as the scientific method)
originates from the natural sciences to study natural phenomena (Fellows and Liu,
2003). it uses empirical approaches including laboratory experiments, survey
methods, formal methods (e.g. econometric) and numerical methods such as
mathematical modelling (Myers, 1997). The main strengths of quantitative research
methods lie in precision and control.

4.4.3

COMPARISON OF QUALITATIVE & QUANTITATIVE METHODS

The detailed descriptions of quantitative and qualitative methods have been
presented in the previous section. A comparison of these two research approaches is
presented in Table 4-1, which reveals some significant differences between them.
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Table 4-1 : Comparison of quantitative and qualitative research (adapted from
Bryman, 1988, and Neuman, 2006)

Criteria

Quantitative Research

Qualitative Research

Role

Fact-finding based on
evidence or records

Data
Focus

Objective
Focus on variables

Relationship between
researcher and subject
Scope of findin>Js
Key to findings
Cases
Relationship between
theory/concepts and
research
Nature of data
Analysis

Distant

Attitude measurement
based on opinions, views
and perception
measurement
Subjective
Focus on interactive
processes and events
Close

Nomothetic
Reliability
Many cases, subjects
Testing/confirmation

ldioaraohic
Authenticitv
Few cases, subjects
EmergenUdevelopment

Hard and reliable
Statistical analysis

Rich and deeo
Thematic analysis

4.4.4

TRIANGULATION

Although most researchers choose one of the above methods, some researchers
have suggested combining one or more research methods in a study (called
triangulation) (Fellows and Liu, 2003, Neuman, 2006). Although they insist that either
a quantitative or qualitative research method should be used, the triangulation
research method has proved to be feasible and effective in many cases (depending
on the research objectives) (Lee, 1991, Amaratunga et al., 2002). The triangulation of
quantitative and qualitative data is shown in Figure 4-4.
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Figure 4-4: Triangulation of quantitative and qualitative data (Fellows and Liu, 2003)
it was suggested by Amaratunga et a/ (2002), that triangulation or the mixed
approach may be able to enhance the quality of work in the built-environment
research (as the strengths and weaknesses of each method m9y complement each
other). Table 4-2 shows the comparison of the strengths and weaknesses of
quantitative and qualitative research methods.
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Table 4-2 : Comparison of the strengths and weaknesses of quantitative and
qualitative research methods (adapted from Amaratunga et al., 2002)
Theme
Positivist
(Quantitative
Paradigm)

. Strength

They can provide wide
coverage of the range of
situations
They can be fast and
economical

Where statistics are
aggregated from large
samples, they may be of
considerable relevance to
policv decisions

Phenomenological
(Qualitative
Paradigm)

Data-gathering methods seen
more as natural than artificial
Ability to look at changes and
_Qrocesses over time
Ability to understand people's
meanings
Ability to adjust to new issues
and ideas as they emerge ·

Weaknesses

The methods used tend to be
rather inflexible and artificial
They are not very effective in
understanding processes or
the significance that people
attach to actions
They are not very helpful in
generating theories

Because they focus on what
is, or what has been recently,
they make it hard for policy
makers to infer what changes
and actions should take place
in the future
Data collection can be tedious
and reauired more resources
Analysis and interpretation of
data mav be more difficult
Harder to control the pace,
progress and end-points of
the research process
Policy makers may give low
credibility to results from a
qualitative approach

Contribution to theory
generation
Focus and reflection on research methodology has been a key subject within
information system research for decades (Galliers, 1985, Wynekoop and Conger,
1990, Myers, 1997). Hence, it is important to get an overview of the approach
required for information systems (IS) research before choosing the most appropriate
method for this research.

4.5

RESEARCH TECHNIQUES IN INFORMATION SYSTEM RESEARCH

Information system research is an exploration of research approaches suitable for
studying the impact of information and communication technologies on groups, on
organisations, between organisations, on market and on society worldwide (Galliers
et al., 2007). There has been a general shift in IS research away from the
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technological to managerial and organisational issues, hence there has been an
increasing interest in the application of qualitative research methods (Myers, 1997).
Specific research methods imply different skills, assumptions and research practices.
Galliers (1985) identified various research approaches in a study of information
systems (IS). These approaches and brief descriptions of the typical applications in
IS research are summarised in Table 4-3 and compared in Table 4-4.

Table 4-3: Research Approaches in IS (adapted from Galliers (1985), cited in Aziz
(2005), p.34)
Typical application in IS

Research Approach
.

.

Action Research

•

The Case Study
Approach

•
•

•
The Survey Approach

•
•
•

Future Research

•

Longitudinal Studies

•

Phenomenological
Studies
Laboratory and Field
Experiments

•

•

.

.

To obtain practical results of value to groups with
whom the research has allied itself while at the same
time, adding to the body of theoretical knowledge.
To study IS failures or implementation efforts
To study the impact of IT and IS on organisations
Research into the role and effects of IT and IS on
society
To study IS failures or implementation efforts
To study the impact of IT and IS on organisations
Research into the role and effects of IT and IS on
society
To study the impact of IT and IS given different
situations
Identification of changing relationships and their
causes
To describe a situation being studied, with a view to
producing results
To improve the effectiveness of information systems
in practice

The approach to be adopted for conducting IS research depends on the type of
investigation, data and information that are required and available (Naoum, 1998).
Defining and differentiating research methods is a challenge. Definitions are
sometimes vague and often different aspects of different methods overlap, especially
in new research areas such as mobile human-computer interaction and programme
management. However, recent research efforts by Galliers et al. (2007) provide a
deeper understanding as to the approaches to be adopted, as shown in Table 4-4.
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Table 4-4 : Information System Research Approach: An Outline Taxonomy {adopted

from Galliers et al., 2007)
study

Positivist Approach

Interpretive Approach

Object of

.

------------------------···::::::::::::::::::::::::::::::~-------------~

Survey

Laboratory

Field

Experiment

Experiment

Case
Study

ForecasV

Simulation

Reviews

Future

Action
Research

Research

Society

X

X

Organisation/

XX

XXX

Technology

XXX
XXX

XXX
XXX

Methodology

X

XX

XXX
XXX

XX

XX

XXX

XX

XXX

XXX
XXX

XXX

XXX

XXX

XX

XX

XX

XX

X

XXX

XX

XXX

X

XXX
XXX
XXX

XXX

XXX
XXX

XXX
XXX

Groups
Individuals

Key: XXX most applicable

4

~

XXX

X least applicable

As can be seen, it would appear that some approaches are more appropriate than
others given the topic under study. In exploring the information systems research
approach, Galliers et at (2007) provide further evidence to back up the need for a
careful choice of approach by highlighting common approaches adopted when
research efforts are focused at various levels, from individual users through to
societal and global issues.
A brief discussion of the research approaches as outlined by Galliers et al. (2007) is
carried out in the following section. A research methodology review in HCI by
Kjeldskov and Graham (2003) with supplementary input from general references on
research methodology in information systems (Myers, 1997) are also included.
Definitions of research approaches may themselves be objects for disagreement.
Therefore, for the purpose of this study, these various research works (Galliers,
1985, Myers, 1997, Kjeldskov and Graham, 2003, Neuman, 2006) are cited for
further discussion of the definitions. The selected research approaches that will be
discussed are listed here:
1. Action research;
2. Case study;
3. Survey;
4. Longitudinal studies;
5. Phenomenological studies; and
6. Experimental research.
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4.5.1

ACTION RESEARCH APPROACH

Action research involves active participation by the researcher in the process of a
study, in order to identify, promote and evaluate problems and potential solutions
(Fellows and Liu, 2003). lt aims to contribute both to the practical concerns of people
in an immediate problematic situation and to the goals of social science by joint
collaboration within a mutually acceptable ethical framework (Gill and Johnson,
2002).
According to Eden and Huxham (1996), good and effective action research should
have the following outcomes:
•

it should have implications that relate to situations other than the one that is
studied;

•

it should be concerned with theory, as well as being usable in everyday life;

•

it should lead to the generation of emergent theory; and

•

it should have practical implications.

4.5.2

THE CASE STUDY APPROACH

Yin (2003) suggested that the choices of research approach should be governed by
the nature of the research questions. Case study research is appropriate when
addressing 'how' and 'why' questions. Case studies are useful for revealing the
details of a phenomenon, in particular the relationship between the phenomenon and
its context. According to Naoum (1998), there are three types of case study design:
•

The descriptive case study - this is similar to the concept of the analytical

survey (i.e. counting), except it is applied to detailed case(s);
•

The analytical case study - which is similar to the concept of the analytical

survey (i.e. counting, association and relationship), except it is applied to
detailed case( s); and
•

The exploratory case study- this is the theoretical approach to a problem. lt

explains causality and tries to show linkages among the objects of the study. it
asks why things happen the way they do. In other words, the researcher
collects facts and studies the relationship between them.

The strength of any confirmatory research method depends on two factors: first, the
relationship between theory and method and, second, how the researcher attends to
the potential weaknesses of the method. Johnston

et al.

( 1999) are of the view that
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case studies have become theory-based, rigorous and more objective. They
suggested three important elements of a case study: it must (a) define the unit of
analysis; (b) select appropriate cases to study and (c) decide on what data to collect
and how to collect it.

Although Johnston et al. (1999) convincingly argued that researchers should follow a
rigorous and systematic approach in conducting case studies, they failed to address
their most important criticism and weakness. They alleged that there is a Jack of
generalisability in a single case study (Hillebrand et al., 2001, Yin, 2003). However,
Amaratunga and Baldry (2001) argued that like all experimental observations, case
study results can be generalised to theoretical propositions (analytical generalisation)
not to populations or universes (statistical generalisation).

4.5.3

THE SURVEY APPROACH

Surveys are used to describe the attitudes, opinions, behaviours or characteristics of
a group. Survey research is most appropriate when addressing the 'who', 'what',
'where', 'how many' and 'how much' questions. They are typically administered in
one of two ways, either at a moment in time over a cross section, or over a length of
time with the same population. This latter method is often used to find changes of
opinion or to identify trends. In cross sectional research, the intention is sometimes to
describe current practice or to evaluate a program or activity in which the participants
have been involved. There are essentially two instruments for survey research: (a)
questionnaire and (b) interview. In a questionnaire it is the participant that records
the data, in an interview it is the researcher that records the data. Interviews can be
carried out in one-to-one settings or in a group setting, often referred to as a focus
group (Krueger, 1994).

4.5.4

LONGITUDINAL STUDIES APPROACH

Longitudinal studies involve repeated measures of the same variable for the same
group or groups on an extended series of occasions (Robson, 2002). Babbie (2006)
defined three types of longitudinal studies, which are:
•

Trend studies- examine changes within some general population over time;

•

Cohort studies- examine more specific sub-populations over time; and

•

Panel studies- examine the same set of people over time.

87

4.5.5

PHENOMENOLOGICAL STUDIES APPROACH

Leedy and Ormrod (2004) defined phenomenological study as a study that attempts
to understand people's perceptions, perspectives, and understanding of a particular
situation. lt is a research method in which human experiences are examined through
the detailed descriptions provided by the people being studied (Creswell, 1998).

4.5.6

EXPERIMENTAL RESEARCH APPROACH

An experiment is an activity or process or a combination of activity, which produces
events and possible outcomes (Fellows and Liu, 2003). Usually, in the scientific
context, experiments are devised and conducted as tests to investigate any
relationship between activities carried out and the resultant outcomes. According to
Fellows and Liu (2003), there are two approaches to experimental research:
laboratory experiments and field experiments. Field experiments.are conducted in
dynamic social, industrial, economic and political arenas, not in the laboratory
environment.

Various research approaches have been used in the studies of Information system
research applied to mobile human-computer interaction (HCI) research. Kjeldskov
and Graham (2003) provide an interesting review of the research methods applied
within the field of mobile human-computer interaction as tabulated in Table 4-5.

Table 4-5: Numbers refer to reviewed mobile HCI research papers {adopted
from Kjeldskov and Graham, 2003)_
Field

Action

Lab.

Survey

Applied

Basic

Normative

Studies

Studies

Research

Experiments

Studies

Research

Research

Writings

Understand

3

4

1

4

1

3

2

Engineer

2

5

Re-Engineer

1

Case

45
9
30

8

Evaluate
Describe

3

Total

9

4

1
17

0

32

5

1
8

56

3

7

This review by Kjeldskov and Graham (2003), reveals a lack of focus on the real use
of contexts in relation to engineering and evaluating mobile systems as well as being
limited in the construction and use of theory. According to them, while field studies
are being done, natural setting research is not prevalent (for the reason that applied
research and laboratory experiments are simply easier to conduct and manage than
field studies, case studies and action research). Based on the findings from this
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research, there is a need to conduct more research that would be able to map the
real situation such as the case studies, action research and field studies.

lt has been noted by Wynekoop and Russo ( 1997), that the use of multiple research
methods is necessary to adequately understand an activity, process or object. When
a subject area is not well-understood, qualitative methods, such as case studies and
ethnographic research, may be relied on to build theory and hypothesis. The
strengths of case research are its ability to utilise the various sources of evidence
and the accommodation of triangulation procedures to demonstrate convergence on
one meaning (Johnston et al., 1999). Theory may be tested using methods such as
replicated case studies, field research and experiments (Lee, 1991 ).

4.6

RESEARCH METHODOLOGY ADOPTED AND JUSTIFICATION

This PhD research adopts multiple research methods, both qualitative and
quantitative, based on a user-centred design (UCD) philosophy. The combination of
these two approaches and the design philosophy aims to demonstrate the potential
applications of mobile, context-aware, information services in realistic construction
situations. This will further demonstrate the suitability of the new mobile technologies
for the management of construction projects and increasing the awareness of the
potential benefits that can be obtained from context-aware information and service
delivery technologies.

There are various UCD methods; some of the typical top-level characterisations of
the most popular are shown in Table 4-6. Webcredible (2006) provides guidelines on
selecting the right method to use based on the cost, output required and sample
sizes. A detailed discussion about the methods follows.
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Table 4-6 : Typical top-level characterisations of the user-centred design
methods (adapted from Webcredible, 2006)
Method

Focus Groups
Usability
Testing

Cost

Low
High

Output

Non-statistical
Statistical & nonstatistical

Sample

When to use

size

Low

Requirements gathering

Low

Design & evaluation

High

Statistical

High

Design

Low

Non-statistical

Low

Design

Questionnaires

Low

Statistical

High

Interviews

High

Non-statistical

Low

Card Sorting
Participatory
Design

Requirements gathering &
evaluation
Requirements gathering &
evaluation

The purpose of this section is to discuss the methods and tools that were applied to
achieve the project objectives. These are reiterated here:
1. Literature Review;
2. Users Requirement Studies and Semi-Structured Interviews;
3. Software Development Methodology;
4. System Development Methodology; and
5. Systems Evaluation Methodology.

4.6.1

LITERATURE REVIEW

An essential early stage of virtually all research is to search for and to examine
potentially relevant theory and literature (Fellows and Liu, 2003). Theory and
literature are the results of previous research projects. Theory is the established
principles and laws which have been found to hold (such as Einstein's theory of
relativity). Literature in this context, concerns findings from research which have not
attained the status of theory; often it represents findings from research into particular
applications of theory. A literature review is based on the assumption that knowledge
accumulates and that people learn from and build on what others have done
(Neuman, 2006).

According to (Neuman, 2006), there are four main goals of the literature review:•

To demonstrate a familiarity with a body of knowledge and establish credibility.
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•

To show the path of prior research and how a current project is linked to it.

•

To integrate and summarise what is known in an area.

•

To learn from others and stimulate new ideas.

According to (Bryman, 2008), the purpose of exploring the existing literature should
be to identify the following issues:
1. What is already known about this area?
2. What concepts and theories are relevant to this area?
3. What research methods and research strategies have been employed in
studying this area?
4. Are there any significant controversies?
5. Are there any inconsistencies in findings relating to this area?
6. Are there any unanswered research questions in this area?

In order to achieve the first and second objective of the research, two main topics
(construction programme management and context-aware computing) focused on in
this research were selected, reviewed and discussed previously in Chapters 2 and
Chapter 3. The literature review involved a detailed review of developments and
trends in construction programme management, context-aware computing and the
enabling technologies.

4.6.2

USER REQUIREMENTS STUDIES METHODOLOGY

Assessment of the user requirements is an important step in the development of a
context-aware information and service delivery system. To achieve the second
objective of the research project and obtain the requirements of the construction
programme manager for a context-specific information and service delivery system, a
user studies approach was adopted.

User studies are about people, behaviour and contexts (Banwell and Coulson, 2004).
They require both quantitative and qualitative approaches to produce a holistic view
and the robust data which are needed to triangulate and thereby validate the data
collected. Triangulation has been argued to be a means of increasing the reliability of
investigations of user requirements (Kaulio and Karlsson, 1998). Reliable user
requirements play a very important part in developing a usable system. According to
Gould and Lewis (1985), there are three basic principles that lead to a usable
system:
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1. Early Focus on Users and Tasks - First, designers must understand
who the users will be. This understanding is arrived at, in part, by directly
studying their cognitive, behavioural, anthropometric and attitudinal
characteristics and also, in part, by studying the nature of the work
expected to be accomplished. These are discussed in Chapter 2 and
Chapter 5.

2. Empirical Measurement - Second, early in the development process,
intended users should actually use simulations and prototypes to carry out
real work, and their performance and reactions should be observed,
recorded and analyzed. These are discussed in Chapter 6.

3. Iterative Design -Third, when problems are found in user testing, as they
will be, they must be fixed. This means design must be iterative. There
must be a cycle of design, testing and measurement followed by redesign.
This should be repeated as often as necessary. These cycles are
presented and discussed in Chapter 7.

As stated above, user-centred development is a process of system development that
starts with users and their requirements rather than technology. Software engineering
focuses on 'designing the thing right', while requirements engineering concentrates
on 'designing the right thing' (Boehm, 1981). The purpose of a user-centred design
approach is to enable users to be in control of the advancing technologies· by
enhancing human abilities, overcoming human limitations and fostering user
acceptance (Helander et al., 1997). To meet these objectives, designers have to
understand users and the tasks they wish to achieve (Minocha, 1999).

Furthermore, Minocha ( 1999) suggests that an effective, user-centred, design
approach should reflect the context or situational factors in which the users will
perform the tasks such as the work processes, work practices and the organisational
structure and policies. Therefore, the identification of the correct user requirements is
an important step in the development of a context-aware information and service
delivery system. To obtain the requirements of construction programme managers for
a context-specific information and service delivery system, a multiple user studies
approach was adopted.

Respondents were selected on the basis that their organisations are prominent
players in the construction industry and are currently managing programmes and
actively participating and contributing to the UK and Malaysian construction

92

industries. There were construction programme managers in the organisations with
vast experience and knowledge of the subject matter. In this research, the users from
the UK and Malaysia were chosen for the user requirement studies in order to:
1. Identify requirements from different perspectives and working environments so
that the application or system provided is robust and able to meet the needs of
various types of users and construction environments; and
2. Achieve greater research integrity as the findings are to be shared and compared
·as the project progresses.

Thus, this research has been conducted in two stages and in two different countries.
The first stage consisted of preliminary semi-structured interviews with the users
(programme managers) in the UK and Malaysia. In the second stage, more detailed
semi-structured interviews with the same and new users in the UK and Malaysia
were held.

According to Banwell and Coulson (2004), user studies cover a wide range of topics
and foci, for example:

•

"Focus on the user' will investigate users' wants, needs, contexts,
motivations, expectations and tasks.

•

"Focus on use" will investigate what a particular information source is
actually used for, with the barriers and enablers to its use investigated.

•

"Focus on the information system or servicfi' will investigate aspects of
technology, design and evaluation.

•

"Focus on the organization" will concentrate on contextual aspects of the

organizational setting, covering both internal and external factors such as
resources, internal management procedures and internal and external
strategies, which are all part of building up a holistic case study.

Given that user studies are context driven, and are typically multidimensional
covering at least some of the topics and foci described above, they will generally
require multidimensional methods with which to study their associated research
questions. Thus, the main information gathered in these user studies was collected
through preliminary semi-structured interviews with selected construction programme
managers in the UK and Malaysia. Further supporting information was drawn from an
analysis of the findings and responses from the detailed semi-structured interviews.
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4.6.3

SEMI-STRUCTURED INTERVIEWS

According to Easterby-Smith et al. (2002), the most fundamental of all qualitative
methods is that of in-depth interviewing. The term 'qualitative interview' has been
used to describe a broad range of interview types, varying from those which are
totally open-ended in nature, to the ones in which the researcher asks more
structured questions, along the lines of a formal survey (Easterby-Smith et al., 2002,
Yin, 2003, Neuman, 2006). Its importance relies on the fact that the approach
potentially provides a rich account of the interviewee's experiences, knowledge,
ideas and impressions, which can be documented. Thus, in this research a semistructured interview approach was selected as it allowed the interviewer more
freedom to explore the expert views or ·opinions while maintaining a level of
comparability between interviews. Semi-structured interviews were not just able to
produce comparable data from all the respondents, but also to give them room to
discuss things they perceive as unique (Balbach, 1999).

The semi-structured interview questions were designed and developed based on the
theory questions pyramid model (Wengraf, 2004) as shown in Figure 4-5. Semistructured interviews were conducted using a set of questions designed to get
responses from construction programme managers on the current problems in
construction programme management (specifically for construction information
delivery) and which aspects needed to be improved to increase the efficiency and
effectiveness of programme management (specifically on the project information
delivery).

Theory-question (1)

Theory-question (2)

!nterviewQuesti_on (1A)

Theory-question (3)

Interview Question (2A)

Interview Question (3A)

Interview Question (28)

Interview Question (38)

Interview Question (2C}

Figure 4-5 : Theory Question Pyramid Model (adopted from Wengraf, 2004)
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Preliminary semi-structured interviews were used as the primary approach in early
requirement studies. Semi-structured interview questions posed to the users were
designed to give an exploratory view and an understanding of the current problems,
the current system adopted, their needs and the approach within the organisation. In
order to gain a broader understanding, as well as to verify the initial results, one-toone detailed semi-structured interviews with users in the UK and phone-based semistructured interviews with other users in Malaysia were conducted.

In the user studies, user-needs analysis was conducted prior to the development of
user requirements. This was then followed by formulating system goals from the
developed user requirements. Then the conceptual model was presented based on
the system goals. Based on the users requirements and the conceptual model, the
mobile application or software was developed. The developed application will be
installed in a standard mobile operating system, therefore, it is important that the
application developed are according to the right software development methodology.

4.6.4

SOFTWARE DEVELOPMENT METHODOLOGY

The success of software engineering strongly depends on the delivery of high-quality
software (Zuser et al., 2005). Normally, 'high quality' is defined by quality attributes
like customer satisfaction (which is mainly determined by being on budget and on
time), adherence to functional requirements, usability, security, stability and many
more. Besides skilled people, an appropriate and well-working software development
process is a key success factor for achieving the high-quality software demanded.

This research application is built on the co-operation of two disciplines: software
engineering and human computer interaction (HCI). Both disciplines have concepts,
techniques and notations for specifying, constructing and evaluating their respective
editing objects, but they are based on two different views on user interfaces. The
user-oriented view focuses on the user's tasks and the interactions with the system
required to fulfil them, while the system-oriented view defines how the software is to
be implemented. Although design activities for these often occur in parallel, there are
two different design spaces, and different design communities, which inevitably join
each other in the user interface.

However, according to Harmelen (2002), within the Object Oriented process, the
Unified Modelling Language (UML) has become the de facto standard and is seen by
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many as the best opportunity to link the two areas. UML is a virtual language for
modelling and communicating about systems through the use of diagrams and
supporting text (Aihir, 2003).
Although the UML is a common language used to express the various models, it
does not tell how to develop software. The Rational Unified Process (RUP) is a guide
to the effective use of the UML for modelling. it describes which models are needed,
why we need them and how to construct them (Kruchten, 2000). According to
Kruchten (2000), the RUP is the most commonly used software development process
in the industry. The main advantages are the support through Rational Software
(Rational Rose), which is constantly improving the process, the tightly-coupled tool
support and tool documentation, as well as Rational's support and mentoring in
implementing the process.

Furthermore, recently Zuser et al. (2005) have conducted a comparison of software
development process models between Rational Unified Process (RUP), Microsoft
Solutions Framework (MSF) and Extreme Programming (XP) as shown in Figure 4-6.
Based on the comparison, they found out that RUP delivers a well-structured
framework, divided into phases and workflows, allowing easy navigation within the
framework. Additional concepts of artefacts and workers are easy to understand and
help to facilitate resource planning and work structuring. The process includes
comprehensive quality assurance measures. Minimal standards of requirements
engineering and iterative software development are included as well as testing,
configuration management and collaboration with the customer during the overall
process. Additional reviews form an important part of the process, continuously
monitoring quality and progress.
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Figure 4-6: Comparison of Quality Support Practice for RUP, XP and MSF
(adopted from Zuser et al., 2005)

Rational Rose is an object-oriented Unified Modelling Language (UML) software
design tool intended for visual modelling and component construction of enterpriselevel software applications. A software designer uses Rational Rose to visually create
(model) the framework for an application by blocking out classes with actors (stick
figures) and then using drag-and-drop symbols for case elements (ovals), objects
(rectangles) and messages/relationships (arrows) in a sequence diagram. Rational
Rose documents the diagram as it is being constructed and then generates code in
the designer's choice of language: C++, Visual Basic, Java, OracleS, CORBA or Data
Definition Language. This is the main reason Rational Rose was selected as the
software development process in this research.

The other reasons Rational Rose was selected in this research were because of its
two popular features: its ability to provide iterative development and 'round-trip
engineering'. Rational Rose allows designers to take advantage of iterative
development (sometimes called evolutionary development) because the new
application can be created in stages with the output of one iteration becoming the
input to the next. This is in contrast to waterfall development where the whole project
is completed from start to finish before a user gets to try it out. Then, as the
developer begins to understand how the components interact and makes
modifications in the design, Rational Rose can perform what is called "round-trip
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engineering" by going back and updating the rest of the model to ensure the code
remains consistent.

To

develop

a

successful

mobile

application

for

construction

programme

management, it is important that the developed application able to communicate and
integrate with the project management information system adopted. The application
will be useless if unable to communicate and integrate with the system and
technologies: Therefore, it is critical to select the right system development
methodology to guide the application development.

4.6.5

SYSTEM DEVELOPMENT METHODOLOGY

The system development lifecycle (SDLC) is a conceptual model used in project
management that describes the stages involved in an information system
development project, from an initial feasibility study through to the maintenance of
the completed application (Avison and Fitzgerald, 2002). A conceptual model is a
high-level description of how a system is organised and operates (Johnson and
Henderson, 2002). lt is an abstraction that outlines what people can do with the
application and what concepts are needed to interact with it. According to Sharp et al.
(2007), a conceptual model provides a working strategy; a framework for the general
concept and its interrelationships. The context-aware information system conceptual
model is discussed in Chapter 5.

Various SDLC methodologies have been developed to guide the processes involved,
including the waterfall model (which was the original SDLC method); rapid application
development (RAD) and the spiral model. They relate to models or methodologies
that people use to develop systems, generally computer systems. Rather than going
through the whole SDLC process for everything that could be potentially envisioned
with the system, a portion of the system is chosen for the creation of a prototype.

The prototype does not go through extensive requirements analysis and instead
focuses on getting something created quickly for immediate use by end-users in
order to gather feedback to either modify the prototype or begin the process again
with another component. The prototyping development method gets users involved in
the system's development and normally produces results quickly.

In the rapid prototyping (sometimes called rapid application development) model, the
initial emphasis is on creating a prototype that looks and acts like the desired product
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in order to test its usefulness (Sharp et al., 2007). The prototype is an essential part
of the requirements determination phase, and may be created using tools different
from those used for the final product. Once the prototype is approved, it is discarded
and the "real" software is written. The following discusses the rationale for using this
method.

4.6.5.1 PROTOTYPING

The prototyping method was formally introduced to the information systems
community in the early 1980s to combat the weaknesses of the traditional waterfall
model (Naumann and Jenkins, 1982). According to Chen and Heath (2001 ), it is an
iterative process of system development. The early prototyping process was for the

-

developers to design and build a scaled-down functional model of a desired system,
which allows the developer to demonstrate the working model to the user. This
results in comments and feedback on its suitability and effectiveness. Then, the
developer continues to develop the prototype based on the feedback received until
the developer and the user agree that the prototype is satisfactory.

An important distinction is made in the literature (Avison and Fitzgerald, 2002, Sharp

et al., 2007), as to whether the developer either throws away the prototype and starts
building the real system (the throwaway prototype is used solely to understand the
user's requirements) or completes any remaining work on the prototype and releases
the prototype as the final product (an evolutionary prototype). Therefore, there are
two ways of prototyping as shown in Figure 4-7.

Evolutionary
prototyping

Delivered
s ys tern

Ou !line
Requirements
Executable Prototype+
System Specification

Figure 4-7 : Two ways of prototyping

Figure 4-8 illustrates the evolutionary prototyping process. The prototyping method
has gained its popularity because of its ability to capture user requirements in
concrete form. In fact, the method is often used for designing decision-support
systems when neither the decision maker nor the system designer understands the
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information requirements well. it is often used along with traditional system
development methods to speed up the system development process.

Initial
Concept

Desfgn anl1
Impla-ment
Initial Protolype

DD

Refine Ptototype
until Acceptable

0

~

Com-plote and
Release ~rototype

0

Figure 4-8 : The Evolutionary Prototyping Method (adapted from McConnell,

1996)
Prototyping is an aid to designing the context-aware information system and is a
much-improved form of systems investigation and analysis. it is particularly useful in
this research because:
• The application area (mobile context-aware computing and programme
management) is not well defined in the industry;
• The organisation is not familiar with the technology (hardware, software,
network, communications, designs etc.) required for the application;
• The communications between researcher and users are limited and of
indifferent quality; and
• The cost of rejection by users would be very high and it is essential to ensure
that the final version has correctly identified the users' needs.

By implementing a prototype first, the users can be shown something tangible with
inputs and output before finally committing themselves to the new application. The
prototype is not a diagrammatic approximation, which tends to be looked at as an
abstract thing, but is an actual application installed in a mobile device or PDA. The
prototype gives the users an 'early feel' of the system through showing what the
application will do, how a user will interact with it and what it will look like.
Furthermore, by using the prototyping approach, what the user wants from the
system will be discovered exactly, as well as what it is feasible for the system to
deliver. Since this research involved human and development of a prototype
computer system, therefore, it is important to look at the science philosophy of the
·human-computer interaction (HCI) before discusses on the design philosophy (usercentred design) of the research.
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4.6.6

THE PHILOSOPHY OF HUMAN-COMPUTER INTERACTION (HCI)

Various techniques are used by scientists to gather data to support or reject theories.
According to Neuman (2006), data are the empirical evidence or information that a
scientist gathers following the rules or procedures. The data can be quantitative (i.e.,
expressed as numbers) or qualitative (i.e., expressed as words, pictures, or objects).
This is discussed in the following sections. Neuman (2006) further noted that the
empirical evidence refers to observations that people experience through the senses
(i.e. touch, sight, hearing, smell and taste). Since this research involved the
development of a computer application (in a mobile device) for construction
programme managers, it is therefore important to get an overview about the
philosophy of the interaction between human and computer.

The study of human-computer. interaction (HCI) for mobile devices is a relatively
young research field. According to Kjeldskov and Graham (2003), the commercially
successful devices and application in mobile HCI have been available for less than a
decade and leading conferences have only a few years of history. Since the rise of
human-computer interaction (HCI) research in the 1980s (Myers, 1998), a number of
diverse

methodologies

outlining

techniques

appropriate

to

human-computer

interaction fields have emerged. Most design methodologies stem from a model for
how users, designers and technical systems interact. Bellotti et al. (1995) address
the question of whether or not the science base of HCI has anything to contribute to
real design. They concluded that theoretically-grounded HCI techniques can be
effective, but only if the "end-user requirements of the design practitioners are
properly understood, and the value of such technique can be demonstrated".

HCI is a multi-disciplinary subject, which has inherited research methods from many
different sources. Two of the most influential sources are from design and science.
Scientific research is generally carried out using empirical studies, but in the design
disciplines, research is more often based on the development of prototype products,
their evaluation, and their refinement. The marriage of these two approaches can be
difficult to formalise but work by Mackay and Fa yard ( 1997) has brought the two
together in a framework that is illustrated in Figure 4-9.
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-------------------------------------------

Theory

Revised model

Model

Design of artefacts
- - - - - - - - . ! Simulation

f--llol

Prototype

Observation
Field Study

Evaluation

Figure 4-9 : Integration of Science and Design (adopted from Mackay and
Fayard, 1997)

Figure 4-9 illustrates how both design and scientific models can be integrated for the
range of activity found in HCI. At the theoretical level, it can create and revise
interaction models based upon observations of users interacting with artefacts
(Mackay and Fayard, 1997). At the empirical and real world level, it can observe how
people interact with various technologies and develop models of use. In both cases,
it can draw from theory and observation to instantiate new artefacts, ranging from
early simulations to working prototypes to products. By triangulating across the
scientific and design disciplines that compose HCI, the validity and value of the
research results can be increased. Before developing the prototype system, it is
important to have a brief review of the information system design philosophy (usercentred design).

4.6.7

USER CENTRED DESIGN PHILOSOPHY

This PhD research adopts a user-centred design (UCD) philosophy to demonstrate
the applicability of the technologies involved for the management of construction
projects and increasing the awareness of the potential benefits that can be obtained
from context-aware service-delivery technologies.

User-centred design (UCD) is a modern, widely-practised design philosophy with the
idea that users must take centre-stage in the design of any computer system (Bevan,
2006). Users, designers and technical practitioners work together to articulate the
wants, needs and limitations of the user and to create a system that addresses these
elements. User-centred design

m~thods

are considered relevant in order to achieve

the research objectives. This section briefly reviews these methods.
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ISO 13407 (1999) outlines four user-centred design activities that need to start at the
earliest stages of a project. These are:
•

Requirements gathering - Understanding and specifying the context of use;

•

Requirements specification - Specifying the user and organisational

requirements;
•

Design - Producing designs and prototypes; and

•

Evaluation - Carrying out user-based assessment of the prototype at project

site.

The interdependence of user-centred design activities is illustrated in the IS013407
model as shown in Figure 4-10. The model comprises five stages, four of which are
implicitly joined in a loop. Although the process outlined above looks iterative, it need
not be so: it may be converted to a waterfall life-cycle model (the earliest model in IS)
if required by simply going through once only. In this case, there is simply more focus
on user needs and user evaluation than one would normally expect to find in a
conventional system development. Another model could be a V-type lifecycle
development in which the evaluation phase is seen as signing off the specification
phase (European Multi Media Usability Services, 1999). However, the true benefit of
this UCD model emerges when it is used to guide an iterative development process
(Bevan, 2006).
1. Plan the human
centred process

Complete.

2. Specify the
context of use
3. Specify user and
organisational

5. Evaluate design
against user
requirements

4. Produce design
solutions
Figure 4·10: ISO 13407 model overview (adapted from ISO 13407, 1999)

According to European Multi Media Usability Services (EMMUS) (1999), the ISO
13407 model was developed in order to give companies a tool with which to tackle
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the developer-client relationship in a systematic way. The sequence in which this is
performed and the level of effort and detail that is appropriate varies depending on
the design environment and the stage of the design process. However, before
selecting any tool, it is important to identify what type of research method should be
used.

4.6.7.11NTERACTIVE SYSTEM

According to Naumann and Jenkins (1982), in the prototype model, both the builder
and the system must respond rapidly to the user's needs. Some batch systems are
capable of a rapid response, but batch systems do not permit interaction and revision
at a human pace. Interactive system capabilities extend computing resources, that is,
information-processing resources appear to the user to be physically adjacent and
immediately available. Interactive facilities extend the apparent power of informationprocessing resources by reducing delays and by extending control over the resource
to the user. User perceptions of rapid and efficient operation and revision help speed
up the evaluation.

Evaluation and feedback are central to interaction design (Sharp et al., 2007).
Stakeholders can see, hold and interact with a prototype more easily than a
document or a drawing. lt encourages reflection, a very important aspect of design.
Prototypes are also able to answer questions and support designers in choosing
between alternatives.

The user may be able to see what the outputs will look like quickly. A prototype can
be quickly modified or changed based on changing user-requirements. As stated
earlier, iteration becomes a practical possibility. Prototyping and an iterative
approach enable a better understanding of the requirements and allow a more
appropriate system to be gradually developed through successive refinements. This
provides incremental gains in detail as more and more iterations are carried out.

According to Alhir, an iterative approach to system development offers the following
benefits (Aihir, 2003):
• To better manage complexity by building a system in smaller increments
rather than all at once;
• To better manage changing requirements by incorporating changes
throughout the process and not trying to capture and address all the
requirements at once;
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•

To provide partial solutions to users throughout the process rather than have
them wait until the end of the process, at which time they receive the whole
system and perhaps conclude that it is not what they expected; and

•

To solicit feedback from users concerning the part of the system already
developed, so that changes may be made to guide the process of providing a
more robust system that meets their requirements.

In interaction design (Sharp et al., 2007), prototyping can be a series of screen
sketches, a storyboard (i.e. a cartoon-like series of scenes), a PowerPoint slide
show, a video simulating the use of a system, a lump of wood (e.g. Palm Pilot), a
cardboard mock-up or a piece of software with limited functionality written in the
target language or in another language.

Nilsson and Sipone (2005) examine how the fidelity concept is used by the HCI
community to categorize prototypes. Two fidelity categories are normally used when
categorizing prototypes: low- and high-fidelity. Table 4-7 summarizes the various
advantages and disadvantages for conducting low-and high-fidelity prototyping
efforts. Rudd et al. (1996) give a detailed description of these categories which are
often referred to by the HCI community, see for example Sharp et al. (2007).

Table 4-7: Low-and High-Fidelity Prototyping (summarised from Rudd et al., 1996,
and Sharp et al., 2007)
Types of
prototype
Low-fidelity
Prototyping

High-fidelity
prototyping

Advantages

Disadvantages

Uses a medium
which is unlike the
final medium, e.g.
paper, cardboard.
Examples:
• Sketches of
screens,
• Task sequences,
• 'Post-it' notes
• Storyboards
• 'Wizard-of-Oz'

• Lower development
cost.
• Evaluate multiple
design concepts.
• Useful
communication
device.
• Useful for
identifying market
requirements.
• Proof-of-concept.

This uses a material
that would be
expected to be in the
final product.
For a high-fidelity
software prototype,

• Complete
functionality.
• Fully interactive.
• User-driven.
• Clearly defines the
navigational

• Limited error
checking.
• Poor detailed
specification to
code.
• Facilitator-driven.
• Limited utility after
requirements
established.
• Limited usefulness
for usability testing.
• Navigational and
flow limitations.
• More expensive to
develop.
• Time-consuming to
create.
• Inefficient for a
proof-of-concept

Description
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Types of
prototype

Description

Advantages

common
environments include
Macromedia Director,
Visual Basic, and
Smalltalk.

scheme.
• Used for exploration
and testing.
• Has the look and
feel of the final
product.
• Serves as a living
specification.
• Marketing and sales
tool.

Disadvantages

design.
• Not effective for
requirements
gathering.

Based on the findings in Table 4-7, it was decided that low-fidelity prototype was
used in the earlier system development for designing the screen, layout and icons.
The high-fidelity prototype was for later development,

which involved the

demonstration and evaluation of the prototypes with construction programme
managers. Both prototypes play important roles in system development and
evaluation.
4.6.8

EVALUATION METHODOLOGY

A prototype demonstration simulates only a few aspects of the features of the
eventual program or application, and may be completely different from the eventual
implementation or real application (Huang et al., 2007}. Evaluation is needed to
check that users can operate the product (application) and that they like it,
particularly if the design concept is new (Sharp et al., 2007). Evaluation plays an
important part in software development (Gediga et al., 1999). lt involves the
assessment of all data collected during the monitoring process (both quantitative and
qualitative) with a view to determining the success, usefulness and value of the
innovation to the construction industry. Evaluation is also about using the information
to make changes and improvements (King et al., 1995). Evaluation can be conducted
from two main aspects: functional evaluation and usability evaluation.

Functional evaluation of the application was evaluated through the use of a test case.
Test case is a documentation specifying inputs, predicted results, and a set of
execution conditions for a test item (IEEE Standard 610.12, 1990).

However, usability evaluation was the major focused in the evaluation because it was
used to understand the acceptance of the industry to the research concept.
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According to Preece et a/ (1994), there are four main reasons why people should
undertake usability evaluation:
1. To understand how the technology can be used in the real world;
2. To compare different prototype designs;
3. To access whether or not the product or application meets usability
requirements; and
4. To ensure that the product or application conforms to industry standards.

Usability evaluation is part of the human-computer interaction (HCI) field and adopts
a user-centred design (UCD) philosophy. According to Rubin (1994), usability
evaluation has six basic elements or approaches:
1. Development of problem

statements

or test objectives

rather than

hypotheses;
2. Use of a representative sample of end users which may or may not be
randomly chosen;
3. Representation of the actual work environment;
4. Observation of end users who either use or review a representation of the
product. Controlled and sometimes extensive interrogation and probing of the
participants by the test monitor may also take place;
5. Collection of quantitative and qualitative performance measures; and
6. Recommendation for improvements to the design of the product.

Usability is an approach to product development that incorporates direct user
feedback throughout the development cycle in order to reduce costs and create
products and tools that meet user needs (Jordan, 1998, Williams, 2004). lt can be
classified into three fundamental elements: effectiveness, efficiency and satisfaction
in a specified context of use (ISO 9241-11, 1998). These are significant parameters
for the development of mobile applications and tools for programme managers.
Although they have been researched thoroughly on desktop computers, in the mobile
field there is still a long way to go. Usability testing is important in order to access the
effectiveness, efficiency and satisfaction of the user with their interaction with the
mobile device in real conditions. Furthermore, lack of usability evaluation or testing
during the design and development of an application often leads to user
dissatisfaction and the ultimate rejection of the application (Kimber et al., 2005).
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4.6.8.1 COMPARISON OF USABILITY TESTING METHODS

There are a variety of methods currently used to evaluate usability. Certain methods
make use of data gathered from users, while others rely on usability experts. There
are usability evaluation methods that apply to all stages of design and development,
from product definition to final design modifications. When choosing a usability
testing method, it is important to consider the cost, time constraints and
appropriateness of the method. Table 4-8 briefly describes each method and their
advantages and disadvantages.
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Table 4-8 : The Advantages and Disadvantages of Usability Testing Methods
Evaluation
Method

Focus Group

Interview

Field
Observation

Description

Advantages

A moderator guides a discussion with a group
of users of the application. There are many
definitions of a focus group in the literature,
but features like organised discussion
(Kitzinger, 1995), interaction {Kitzinger, 1994)
and collective activity {Powell et al., 1996)"
identify the contribution and related clarity that
focus groups bring to social research.

•

The users are interviewed to find out about
their experience and expectations. Interviews
are used in the beginning of the development
stage to formulate questions about the
product based on the kinds of issue of interest
(Rubin, 1994). Interviews are also used in the
last stage of the evaluation to clarify user
to
collect
additional
responses
and
information (Vatrapu and Perez-Quifiones,
2006).
Field observations are typically conducted to
find out how a product or prototype is adopted
and used by people in their working and
everyday lives {Sharp et al., 2007). it is about
observing the users and how they work in
order to understand how they are using the
system to accomplish their tasks and what
kind of mental model the users have of the

•

•

If done before prototypes are
developed, can save money.
Produces a lot of useful ideas from
the users themselves.
Can improve customer relations.

Disadvantages

•
•
•

•

•
•

•

Good at obtaining detailed
information.
Few participants are needed.
Can improve customer relations.

•

Simply examines real-life settings in
real workplaces.

•
•
•

The environment is not natural to
the user and may provide
inaccurate results .
The data collected tends to have
low validity due to the unstructured
nature of the discussion.
Time it takes to conduct focus group
research may discourage many
from attempting to collect data using
this method (Gibbs, 1997)
Does not address the usability issue
of efficiency.

Applicable in the final testing, at
least with using prototypes.
A relatively large number of users
needed (20+ ).
Required expertise is high,
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Evaluation
Method

Remote
Testing

Thinking-aloud
Protocol

Cognitive
Walkthrough

Description

system.
The experimenter. does not directly observe
the users while they use the application.
However, it must be universally accessible, it
must be shared efficiently by a large number
of users and it must function automatically
(Hartson et al., 1996). Furthermore, the
system should provide maximum flexibility
whilst presenting a minimal learning curve
(Knight and DeWeerth, 1996).
The thinking-aloud protocol works during the
usability test (Lewis and Rieman, 1995).
Participants in testing express their thoughts
on the application while executing set tasks.
By showing how users interpret each
individual interface item, the thinking-aloud
protocol facilitates a direct understanding of
which parts of the dialogue cause the most
problems (Nielsen, 1993l
A team of evaluators walks through the
application discussing usability issues through
the use of a paper prototype or a working
prototype. A cognitive walkthrough is a taskoriented method with which the analyst
explores the system functionalities (Wharton
et al., 1994). Cognitive walkthrough involves
one or a group of evaluators inspecting a user
interface by going through a set of tasks and
evaluating its understandability and ease of
learning (Nielsen and Mack, 1994}.

Advantages

Disadvantages

•

Efficiency, effectiveness and
satisfaction, the three usability
issues, are covered.

•

Additional software is necessary to
observe the participants from a
distance.

•
•

Less expensive
Results are close to what is
experienced by users.

•

The environment is not natural to
the user.

•
•

Good at refining requirements.
Does not require a fully functional
prototype.

•

Does not address user satisfaction
or efficiency.
The designer may not behave as
the average user when using the
application.

•
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Evaluation
Method
Pluralistic or
Group
Walkthrough

Description

Advantages

Disadvantages

A team of users, usability engineers and
product developers reviews the usability of
the paper prototype of the application.

•

Usability issues are resolved more
rapidly.
Greater numbers of usability
problems can be found at one time.
Bringing a diverse range of skills
and perspectives to bear on
usability problems (Sharp et al.,
2007).
Application of recognized and
accepted principles.
Intuitive .
Usable early in the development
process.
Effective identification of major and
minor problems.
Rapidity .
HE can be used throughout the
development process.

•

Does not address the usability issue
of efficiency.

•

Subjective user preferences,
satisfaction and possible anxieties
can be easily identified.
Can be used to compile statistics .

•

Disassociation from end users;
Does not identify or allow for
unknown user needs;
Unreliable, domain-specific,
problem identification;
HE does not necessarily result in
evaluating the complete design
since there is no mechanism to
ensure the entire design is
explored, evaluators can focus too
much on one_Rar\icular section.
Indirect methods result in low
validity (discrepancies between
subjective and objective user
reactions must be taken into
account); needs sufficient response
to be significant;
Identifies only a low number of
problems relative to the other
methods.

•
•

Heuristic
Evaluation
(HE)

Questionnaires

Identify usability problems in the user
interface design. 1t is one of the popular
techniques proposed by Nielsen and Molich
(1990). The heuristic method consists of
checking the software or tool against the
standard usability principals, such as realistic
user interface design, system status, user
control and freedom, consistency, flexibility
and ease of use.

•

Questionnaires are one of the indirect testing
techniques designed to assess usability. They
can give valuable feedback from the user
point of view.

•

•

•
•

•

•

•

•
•

•

•
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Based on the comparisons in Table 4-8, heuristic evaluation and questionnaires is choose
as the evaluation methods in this research project. The following discussed in details on
the both methods.

Heuristic Evaluation

Heuristic evaluation is a usability evaluation method for computer software that helps
mainly to identify usability problems in the user interface design. The heuristic method
consists of checking the software or tool against the standard usability principals, such as
realistic user interface design, system status, user control and freedom, consistency,
flexibility and ease of use. it is low cost in terms of time, since it can be completed quite
quickly. These heuristic evaluations closely resemble the high-level design principles and
guidelines discussed in (Sharp et al., 2007).

Choosing the right evaluators is important to ensure the quality and reliability of the
evaluation data (Miles et al., 2000). Evaluation should also be undertaken according to the
objectives and criteria that are relevant to the organisation and users concerned (Noble,
1999). According to Nielsen and Mack (1994), only 5-10 evaluators are needed to identify
75-80% of all usability problems. This is shown in Figure 4-11 which links the proportion of
usability problems found and the number of evaluators. However, some research (Cockton
and Woolrych, 2001) has challenged Nielsen's findings and questioned whether three or

five evaluators are adequate. They point out that the number of experts needed to find this
percentage of problems depends on the nature of the problems. Their analysis of problem
frequency and severity suggests that highly misleading findings can result.

Nonetheless, employing multiple experts for evaluation can be extremely costly. it was
important to note that for the evaluation of an early design, one or two experts can
probably identify most potential usability problems but if a thorough evaluation of a fully
working prototype is needed then having a team of experts conducting the evaluation and
comparing their findings would be advisable (Sharp et al., 2007). Meanwhile, a recent
study (Hvannberg et al., 2007) found that there were no significant differences between
any of Nielsen's heuristics and the cognitive

principles of Gerhardt-Powals in

effectiveness, efficiency and inter-evaluator reliability. A more significant contribution of
their research is that the framework used for the experiments proved successful and
should be reusable by other researchers because of its thorough structure.
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Figure 4-11 : Proportion Of Usability Problems Found and Number of Evaluators
(adapted from Nielsen and Mack, 1994)

Questionnaires
A questionnaire is a method for the elicitation, recording and collecting of information
(Kirakowski, 2000). Many aspects of usability can best be studied by querying the users.
This is especially true for issues concerning the subjective satisfaction of the users and
their possible anxieties, which are hard

to

measure objectively. Consequently, the

responses are gathered in a standardised way, so questionnaires are more objective,
certainly more so than interviews (Harvey, 1998).

Questionnaires are classified into two types:
1. 'Open' form (unrestricted) -questions seek to encourage the respondent to provide
free responses.
2. 'Closed' form (restricted)- often require a short response in the form of Yes or No,
Agree or Disagree, etc.

Table 4-9 shows some of the advantages and disadvantages of both types of questions.
Thus, the appropriateness of either closed-ended or open-ended questions depends on
several factors. The following are some considerations to determine the appropriateness
of which type of question (Lazarsfeld, 1944):
1. The objective of the questionnaires;
2. The respondent's level of information about the topic;
3. The extent to which the topic has been thought through by the respondent.

113

4. The ease with which respondents can communicate the content of the answer or
the extent to which respondents.are motivated to communicate on the topic.

Questionnaires are useful for studying how end-users operate the system; their preferred
features, their experience and their predictions. However, their design needs some
experience. lt is an indirect method, since it does not study the actual user interface. lt only
collects the opinions of the users about the user interface (closed questions). One cannot
always take user statements at face value. Data about people's actual behaviour should
have precedence over people's claims of what they think they do. Therefore, a still simpler
form of questionnaire is the interview (open questions). The form of the interview can be
adjusted to respond to the user and encourage elaboration. However, to offset both
advantages and disadvantages of open and closed questions, a combination approach
was adopted in this research.

Table 4-9 : Advantages and Disadvantages of Open and Closed Questions (adopted
from Frankfort-Nachmias and Nachmias, 1996, and Naoum, 1998)
Questions Type
Advantages

Disadvantages

Open Question

Closed Questions

• Gives
respondents • Easy to ask;
opportunity to express a • Quick to answer;
view;
• Require no writing;
• Easy to ask;
• Analysis
• Useful when sensitive
straightforward.
information required.
• No direct clues and
broad-based;
• Difficult to analyse and
interpret.

is

introduce
bias,
•May
either by forcing the
respondents to choose
from given alternatives or
by offering respondents
alternatives that might
not have otherwise come
to mind.

4.6.8.2 RATIONALE FOR THE ADOPTED APPROACH

This section describes the rationale for the adopted approach. Each evaluation method
presented and discussed in the previous section is applicable at different stages of the
application development cycle, as.shown in Table 4-10.
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Table 4-10: Evaluation Method and Applicable Stages in Application Development
Cycle

Applicable Stages
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The objectives of the evaluation in this project were, as stated above, to demonstrate a
concept and gain user feedback on whether the programme managers felt that the
application was appropriate for managing multiple projects. The prototype is certainly
suitable at an early stage in the development cycle of a system. Additionally, these
prototypes should also be seen as technology demonstrators, which will provide relevant
input for the future development of context-aware information system applications. For this
reason, it was deemed appropriate to develop a prototype in order to illustrate the concept
to an evaluation group or potential users. The most important thing is to gain feedback on
the concept at an early stage so that the prototype can be refined iteratively.

As discussed earlier, the prototyping process was for the developers to design and build a
scaled-down functional model of the desired system so that the developer would be able to
demonstrate a working model to the user. Consequently, this resulted in comments and
feedback on the application's suitability and effectiveness. Then, the developer continues
to develop the prototype based on the feedback received until the developer and the user
agree that the prototype is satisfactory. This is the advantage that the prototype approach
has over than the traditional waterfall approach.

An alternative approach would be to concentrate on designing and building a fully working
system that could then be evaluated. However, to develop a fully working system requires
a pool of resources. lt is also time-consuming and expensive. According to Odysseas

115

Pentakalos (2008), when engaging in a new project, it is imperative that the development
of one or more proof-of-concept (POC) systems be considered before one settles on the
architecture and design of the final deliverable. Development of a POC system provides
the software developer with many benefits including:
• A very clear understanding of the requirements.
• An understanding of the capabilities and limitations of new technologies.
• The ability to assess design decisions early in the process.
• An opportunity for the customer to visualize the look-and-feel of the solution early on.
• A reduction in the overall risk of project failure.

Meanwhile, it is generally accepted and documented by various researchers (Nielsen and
Mack, 1994, Buchanan et al., 2001) that the following five essential characteristics of
usability testing should be part of anysoftware project development:
1. Learnability- so that the user can rapidly begin working with the system;
2. Efficiency - enabling a user who has learned the system to attain a high level of
productivity;
3. Memorability - allowing the casual user to return to the system after a period of
non-use without having to re-learn everything;
4. Errors - low error rate, so that users make fewer and more easily-rectifiable errors
while using the system. Further, catastrophic errors must not occur; and finally,
5. Satisfaction - pleasant to use, so that users are subjectively satisfied when using it.

There are trade-offs and some criteria are more important than others, although this
depends on the situation, for example: long-term efficiency may be sufficiently important to
be willing to sacrifice rapid learnability (Shneiderman, 1997). Furthermore, according to
Holzinger (2005), to ensure that these essential characteristics of usability exist in the
software project, inspection methods (without end-users) and test methods (with endusers) are used. Examples of inspection are the heuristic evaluation, cognitive
walkthrough, and pluralistic walkthrough, whilst examples of testing are thinking aloud,
questionnaires, interviews, field observation, remote testing and focus groups.

I! is important to note again that usability testing of computer systems for complex tasks
should include measures of efficiency, effectiveness and user satisfaction (ISO 9241-11,
1998). In selecting these measures, the application domain and context of use have to be
taken into account so as to uncover the measures that are critical in the particular
situation. Discovering solid measures of effectiveness seems especially critical. However,
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the relations between efficiency, effectiveness, and satisfaction (the three aspects of
usability) are not well understood in complex tasks. Frokjaer et at (2000) have analysed
data from a study of information retrieval and found only a weak correlation between
measures of the three usability aspects. Other studies, (Nielsen and Levy, 1994), imply
that for complex tasks in other domains, a similarly weak correlation between usability
measures is to be expected. In general, they suggest that efficiency, effectiveness and
satisfaction should be considered as independent aspects of usability, unless domainspecific studies suggest otherwise.

In selecting the most appropriate usability testing methods, the researcher categorised the
methods, type, aspect, remote evaluation and data of usability testing as shown in Table
4-11. This is to make sure that the selected approached is suitable for users studying both
in the UK and Malaysia. lt is important to identify which methods can be conducted
remotely in order to obtain quantitative data.

Table 4-11 :The Type and Issues Covered in Usability Testing
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The comparison in Table 4-11 also shows that interviews, remote testing, heuristic
evaluation and questionnaires are the most appropriate methods for usability testing in this
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research. The combination of the methods selected covers both testing and inspection
types and all three usability issues. In addition they can be conducted remotely.

4.7

SUMMARY

This chapter has reviewed, described and presented the research philosophies, research
methodologies and research techniques available to address the research problems.
Based on the reviews and advantages that it gave, user-centred design (UCD) philosophy
was selected as the research philosophy. This PhD research also adopts a user study and
prototyping approach. The combination of multiple approaches and design philosophy
aims to demonstrate the potential applications of mobile context-aware information system
in realistic construction situations. However, the design of mobile context-aware
applications should be based on a thorough knowledge of the potential users of the mobile
application and the situations in which the application is going to be used. lt is important to
meet the real users at the beginning of the project to establish relevant goals for the
application so that it fulfils the user requirements. These will be the focus of the following
chapter.
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Chapter 5
USER REQUIREMENTS ANALYSIS AND SYSTEM DESIGN

This chapter describes the user requirements, conceptual model, system architecture and
functional specification of the prototype system. User requirements refer to the features or
attributes that a product should have or how it should perform from the users' perspective
(Courage and Baxter, 2005). A conceptual model is an outline of what people can do with a
product and the concepts that are needed to understand how to interact with it (Sharp et al., 2007).
The architecture encompasses the elements making up the system and the manner in which they
work together to provide· the functionality of the system (Aihir, 2003). Functional requirements
capture the intended behaviour of the product. This behaviour may be expressed as services,
tasks or functions the system is required to perform. Meanwhile functional specifications in this
chapter document the expressed behaviour.

5.1

INTRODUCTION

Researchers (e.g.Gould and Lewis, 1985, and Norman and Draper, 1g86) have long argued the
importance of a user-centred approach to software development in order to improve the quality,
effectiveness and user acceptance of the product. User-Centred Design (UCD) differs from
traditional software design in the perspective it provides for conceptual modelling. lt concentrates
on knowledge about the context of use rather than the accidental features of a problem domain.
UCD is also concerned with the integration of that knowledge into the system model by means of
contextualisation that allows combining the descriptions of usage with the functional specifications
during the process .in order to accomplish a valid design solution (Hua et al., 2003).

A detailed comparison of various approaches in software development has been conducted in the
previous chapter and user-centred design seems to be most appropriate to this research. Thus, a
user-centered design approach was adopted to translate the end-user needs identified during the
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user study process into the conceptual design goal. Conceptual design is concerned with
transforming needs and requirements into a conceptual model (Sharp et al., 2007).

Requirements involve finding out what people want from a computer system and understanding
what their needs mean in terms of design (Sutcliffe, 2002). While system requirements are
statements of situations of a system's usage, according to Minocha (1999), in a user-centred
design approach, these situations not only describe the users' needs or desires for a system but
also capture the context in which the system will be used and the impact that the proposed system
would have on the users' current workplace conditions. He further noted that to arrive at an
accurate, complete and unambiguous set of requirements, a user-centred design process should,
therefore, start with a systematic process of requirements engineering. The process of
requirements engineering should involved users and system designers in a collaborative process
of identifying and developing user requirements. Based on the users' requirements, the system
design goal, conceptual model and functional specifications were developed (Figure 5-1). These
are the basis for the prototype development presented in Chapter 6.

Figure 5-1 shows the steps for the development of the functional specification. Section 5.2
describe briefly the semi-structured interview process conducted in this research. Section 5.2.1
presents the results from the interviews in term of the needs by construction programme managers
and are categorised based on the programme management stages. This is followed by Section
5.2.2 which present the user requirements specification based on the user need analysis. Then,
Section 5.2.3 presents the design goals based on the user requirements and classifications.

Section 5.3 presents and discusses the conceptual model in terms of process oriented model,
context model, and interaction model. Context-aware information system architecture were
developed (based on the design goals and the conceptual model) and presented in Section 5.4.
Finally, Section 5.5 present and discussed the functional specifications which includes the usecase, use-case description and flow diagram, high-level class diagram and the assumptions and
dependencies of the functional specifications.
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User Requirements
User Needs Analysis ; :: ,, ,

System Design Goals>::;

Conceptual Model

C-aiS Architecture

Functional Specifications

Use-Case Description and Process
Flow Diagram , ' ,

High-Level Class Diagram

Assumption and Dependencies

Figure 5-1 : Steps for the Development of the Functional Specifications
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5.2
USER REQUIREMENT STUDIES
Construction programme managers were selected on the basis that their organisations are
prominent players in the construction industry and are currently managing programmes and
actively participating and contributing to the UK and Malaysian construction industries. There were
construction programme managers in the organisations with vast experience and knowledge on
the subject matter. In this research, the users from the UK and Malaysia were chosen for the user
requirement studies in order to identify requirements from different perspectives and working
environments so that the application or system provided is robust and able to meet the needs of
various types of users and construction environments.

A total of eight construction programme managers located in the UK and Malaysia have
participated in the research. Four construction programme managers are from the UK and
Malaysia respectively. The construction programme managers interviewed have been involved in
various types of projects as shown in Table 5-1 .

Table 5-1 : Types of Projects Managed by the Construction Programme Managers
Projects Background

No.

Programme and Project
Locations

1.

Facilities Construction and Project Management

United

Kingdom

and

International

2.

Railway Construction and Project Management

United Kingdom

3.

Oil & Gas Construction and Project Management

Malaysia

4.

Building Construction Project Management

Malaysia

5.

Building Construction Project Management & Consulting

Malaysia

6.

Infrastructure

and

ICT

Project

Management

and

Malaysia

Services

7.

Highways Construction & Project Management

United Kingdom

8.

Water & Waste Water Programme Management

United

Kingdom

and

International

Semi-structured interview questions posed to the construction programme managers were
designed to give an exploratory view and an understanding of the current problems, the current
system adopted, their needs and the approach in the organisation. In order to gain a broader
understanding, as well as to verify the initial results, one-to-one detailed semi-structured interviews
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with users in the UK and phone-based semi-structured interviews with other users in Malaysia
were conducted. A copy of the semi-structured interview questions and brief notes on programme
management stages as suggested by Haughey (2001) were given to the construction programme
managers in each session to ensure that the discussion are focused and ease in the analysis
process. The list of questions asked and notes can be found in Appendix 1. The semi-structured
interview last about two and half hours. The semi-structured interviews was recorded and
transcribed. This was used to gather the user needs. The results from the interviewed were
analysed which was focused on the user needs and based on the programme management
stages.

5.2.1 USER NEEDS ANALYSIS
User needs analysis in user-centered design goals may be seen as gathering those 'informal
statements' from users to verbalise collective user needs and distinguishing these clearly from
individual user wants (Lindgaard et al., 2006). The user-centred design community refers to user
needs analysis, with its rather broader focus on users, tasks, tools and environments, as its special
contribution to requirement capture.

However, in this research, the user needs analyses were classified according to the programme
management stages (Programme Identification, Programme Planning, Programme Delivery and
Programme Closure) as suggested by Haughey (2001 ). Since, programme management is a broad
field, the classification according to the programme management stages is very important in order
to identify the user needs, which are either in-scope or out-of-scope of the research. Based on the
research scope to provide construction programme managers a decision support tool, programme
delivery was considered in-scope, while the programme identification, programme planning and
programme closure was considered out-of-scope. lt is important to note that issues related to
business strategy, financial and resources planning is also excluded because it is depends on the
stakeholders and beyond the control of construction programme manager. Based on the
preliminary and detailed user study, users' needs were identified and classified as shown in Table

5-2.
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Table 5-2 · User Needs and the Rationale
Rationale
Information
Needs
Needs
No
Programme Identification
N1

N2

N3

Techniques &
Technologies

Initiation of a programme occurs as the
Business case,
results of a strategic plan, strategic
investment analysis,
initiative to fulfil an initiative within a
funding for the initial
portfolio, or as the result of a decision to
phase of the programme,
bid for a contract from an external
organisational strategic
customer.
and tactical planninq.
Project scope statement,
Need to authorise Authorising projects is the process of
projects.
performing programme management
project selection criteria
·activities to initiate a component within the and strategic plan.
programme.
Need to initiate
Facilitating the appointment of individuals Recruitment practices,
the team.
to the project delivery teams.
staffing pool description.

Need to initiate
programme.

ln-Scope!Out-of-Scope

Out-of-Scope
Addressing business and
strategic issues are beyond of
the scope of this research.

Out-of-Scope
Addressing business and
strategic issues are beyond of
the scope of this research.
Out-of-Scope
Addressing human resource
recruitment is beyond of the
scope of this research.

Programme Planning
N4

Need to define
the programme
approach.

Programme approach in which the way
the programme will run.

Business and strategic
plan, programme
management planning.

N5

Need to do
programme
resourceing.

Programme resourcing which looks at
scheduling and allocation of resources.

Enterprise resource
planning (ERP) system,
enterprise project
management (EPM)
system, programme
management system.

N6

Need to plan the
programme
responsibilities.

Programme responsibilities identify and
allocate responsibilities for each area of
the programme.

Enterprise resource
planning (ERP) system,
enterprise project

Out-of-Scope
Addressing business issues and
programme planning are
beyond of the scope of this
research.
Out-of-Scope
Addressing human resource
recruitment is beyond of the
scope of this research.
However, prototype application
will rely on the resource system
for information regarding
resources utilisation.
Out-of-Scope
Addressing resources
responsibilities are strateqic
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Needs
No

N7

N8

Ng

.

.

Techniques &
Technologies
management (EPM)
system, programme
management system,
financial management
system.
Programme managers need to plan and Enterprise resource
Need to design
and develop a
design the programme which includes the planning (ERP) system,
quality
human
programme
planning,
resource enterprise project
management
planning, communication planning, plan management (EPM)
for purchase and acquisition, plan for system, programme
plan.
contracting and risk management planning management system,
and analysis. However, on large and financial management
complex projects it may be appropriate to system, Total Quality
appoint other individuals to support the Management (TQM)
Programme Manager for some of the system.
particular responsibilities listed above, for
example a risk manager, a communication
manaqer or a financial manaQer.
Interface planning is the process of Communication of the
Need to do
identifying and mapping interrelationships management plan,
interface
that exist between a programme and other staffing management
planning.
programmes in active portfolios of with plan, programme
factors outside the programme.
schedule, risk register,
stakeholder analysis
chart, programme work
breakdown structure
(WBS).
Programme Delivery
Information
Needs

System for issues
visibility on each
project (for issue
resolution).

Rationale

The success of the program management
office is closely linked to the
responsiveness of senior management to
issues raised by project managers. These
issues are typically beyond their control
and may impact multiple projects.

Enterprise project
management system
and mobile information
system.

In-Scope/Out-of-Scope
issues and beyond of the scope
of this research.

Out-of-Scope
Design and developed
programme plan depends on
the types of contract (e.g.
design-build, design-bid-build or
construction management). lt is
out of scope to discuss in this
Thesis. However, future
application development will
follow the programme
management plan layout by the
stakeholders.
Out-of-Scope
Addressing interface planning
and programme management
are strategic issues and beyond
of the scope of this research.

•In-Scope
Prototype application will
display critical and current
issues needing the programme
managers' attention. Any project
issues will be visible throuQh a
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Needs
No

N10

N11

N12

Information
Needs

Rationale

Techniques &
Technologies

In-Scope/Out-of-Scope
programme manager's mobile
device and he/she can take
appropriate action on the issues
raised.
•In-Scope
Prototype will improve
communication and
collaboration (via the mobile,
context-aware system) by using
the issues visible on each
project's status window and the
project dashboard issues
window.

Effective
communications
between parties
involved in a
construction
programme and
projects. This
includes good
communications
with all
stakeholders
(Communication
facilitation).
Visibility on the
resource needs
across multiple
projects.

Effective communication and collaboration
is very important when managing multiple
projects. Posting progress reports and
visibly raising issues can produce a
healthy and robust work environment.
Project teams can often solve problems
without management intervention by
collaborating and sharing common
experiences.

Enterprise project
management system
and mobile information
system.

Juggling resource requirements on
multiple projects is very demanding. Some
projects must be sacrificed by reducing
their resources to help more strategic
projects in need of additional help. Thus,
ensuring that there is efficient allocation of
common resources and skills within the
project portfolio is an important task for
the programme managers.

Enterprise resource
planning (ERP),
enterprise project
management system
and mobile information
system.

•In-Scope
Prototype will provide visibility
on the resource issues on the
mobile device. Thus,
programme managers will
always be aware of any
resource requirements at any
project.

Access project
files anytime
needed and have
a good filing
system to find
files or drawings.

Traditional methods of filing (hard copies)
create problems such as being unable to
find the right files or drawings that are
current and updated, which creates
problems in finding information when
urgent decisions have to be made,
especially for critical projects.

Electronic format for the
filing system, enterprise
project management
system, mobile
information system,
context-aware
computing.

•In-Scope
Enterprise programme
management system will
provide a good filing system in
digital format. Mobile prototype
application will provide specific
files or drawings from the
ente_!Erise...£r<?I.ect man'!_g_ement
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----------------------------------------------------------------------------------------------------------Needs I·
No

Information
Needs

Rationale
.

Techniques &
Technologies

N13

Manage,
integrate and
collate data from
multiple project
environments.

Too much information to handle,
especially when multiple projects are
involved. This creates problems of
information overload.

Enterprise project
management system,
mobile information
system, context-aware
computing.

N14

User-friendly
system.

Systems that are too complex will hinder
the users from using it, especially in
construction where people from various
backgrounds are involved in the
programme. Thus, a user-friendly system
will help them to adopt the integrated
system more effectively.

Enterprise project
management system,
training and simple
system (user friendly).

N15

View and extract
key project
information for
decision-making.

The ability of Programme Managers to
view and extract the information they need
in a fast and efficient manner will have a
distinct advantage in any dispute
resolution proceedings.

Enterprise project
management system,
mobile information
system, context-aware
computing.

In-Scope/Out-of-Scope
system to the users at anytime
and anvwhere.
•In-Scope
Integrated programme
management system with
context-aware capabilities can
overcome the problem.
Therefore, prototype application
will provide specific information
based on selected context in the
mobile device.
•In-Scope
Integrated system which is user
friendly can overcome the
problem. Thus, prototype
application will design the
application to be as simple as
possible whilst adhering to the
good mobile usability design
princioles.
•In-Scope
Integrated programme
management system with
context-aware capabilities can
overcome the problem. The
prototype application will
provide specific information
based on a selected context in
the mobile device. Thus,
programme managers can
make an informed decision fast,
based on the latest and specific
information provided.
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Needs
No

N16

N17

N18

N19

Information
Needs
Access and be
informed about
the expenditure
and cost of the
programmes
(Financial
Management).

Rationale

Managing the programme's budget on
behalf of the stakeholders, monitoring the
expenditures and costs against delivered
and realised benefits as the programme
progresses.

Need to provide project or programme
managers with access to real-time data
and the ability to view, update and assign
project management plans. Currently, the
updates of project data were made on a
weekly or monthly basis (depends on the
requirements and the type of software).
There was no real-time data made
available to the Programme Managers
(including the organisations that use
enterprise project manaQement systems).
Currently, many organisations lack
Know project
health and status. strategic visibility with respect to project
activity. From a tactical viewpoint many of
the companies interviewed possessed no
real-time view of resource capability and
little or no method of reporting project
health and status. They did not have the
ability to provide accurate data to the
executive team in real time and on
demand. Thus, a system that is able to
provide the status of the project with the
ability to send reports in real-time will be
needed.
The difficulties that arise from certain
System that can
programme management systems (in
identify the
history and profile terms of the information status in the

Access updated
project data in
real-time.

Techniques &
Technologies
Financial management
system, enterprise
project management
system.

Integrated construction,
enterprise project
management systems,
Intranet and extra net
capabilities, change
management plan,
mobile information
system, context-aware
computing.

In-Scope/Out-of-Scope
• Out-of-Scope
Addressing financial issues,
programme management and
strategic issues are beyond the
scope of this research.
However, the prototype
application will address some
aspects of the financial issues.
•In-Scope
Prototype implementation will
address the key issue of
providing project management
support to a user in real-time.

Enterprise resource
planning (ERP) system,
enterprise project
management (EPM)
system, programme
management system,
financial management
system, integrated and
multimedia
communications, mobile
information system.

•In-Scope
Integrated construction
management addresses most of
the problems. Prototype
application will address part of
the problems by providing the
status and performance
dashboard for projects. The
application will also be designed
to be able to forward reports to
others if required.

Enterprise resource
planning (ERP) system,
enterprise project

•In-Scope
Integrated construction
manaoement addresses most of
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.·

Information
Needs
of the information
(such as date,
source and
project number).

Techniques &
Technologies ..
system) that confuse the user (especially management (EPM)
when the information displayed was not system, programme
management system,
the current or latest data).
financial management .
system.

N20

Programme
management
system that is
easy to update
anywhere and
anytime.

N21

Access project
information out of
the project site
(especially when
meeting with
clients or
authority).

Based on the user study, currently, the Enterprise project
project team could not easily update management system,
information or project data. The system mobile information
sophisticated
and system.
was
just
too
complicated to be used by the project
teams (low level staff). Also, it could only
be updated when they return to the office.
Thus resulting in out-of-date data stored in
the system. Thus the programme
managers were unable to use the
information effectively.
Some project management systems were Enterprise project
totally dependent on the company management system or
extranei (a private network) to function. web-based project
Accessing and updating data can be management system.
difficult, especially when the person is out
of the company extranei.

N22

Access
information when
needed.

Needs
No

Rationale

In-Scope/Out-of-Scope

.

enterprise
The
current
programme
management system has limited mobility.
The system is only available on selected
desktop computers in the programme
management office. Therefore, access to
information is not possible when any
urgent matters that need an instant
decision arise.

Mobile information
system.

the problems. However,
prototype application will
provide a value-added seNice
to the users by providing
mobility and specific information
based on the users' context.
•In-Scope
Integrated system which is userfriendly and a mobile
information system can
overcome the problem. Thus,
the prototype application will
design the application to be as
simple as possible (adhere to
good usability design
principles).

•In-Scope
Mobile information system can
overcome the problem. The
prototype application will be
designed not just to function on
the client system but also to
allow the use of web-based
aQPiications.
•In-Scope
Mobile information system can
overcome the problem by
accessing and updating project
information anywhere and
anytime.
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I

•

Needs
No

Information
Needs
Programme Closure

N23

Need to
demonstrate to
the steering
committee that
the desired
benefits have
been realised.

Rationale

Programme manager will continue to
monitor a programme long after the
individual project is completed in order to
ensure that the benefit is realised at a
business level.

Techniques &
Technolo~:~ies

Enterprise resource
planning (ERP) system,
enterprise project
management (EPM)
system, programme
management system,
financial management
svstem.

.

In-Scope/Out-of-Scope
-

Out-of-Scope
it is at the closure of the
programme, when the benefits
identified at the beginning of the
programme are measured.
Discussion here is beyond the
scope of this research.
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5.2.2

USER REQUIREMENTS SPECIFICATION

Requirements engineering attempts to integrate users' perspectives into its processes.
Requirements engineering proceeds from informal, fuzzy, individual statements of requirements to
a formal specification (User Requirements) that can be understood by all stakeholders (Lindgaard

et al., 2006). The relationship between the user needs and user requirements is shown in Figure

5.2.
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Figure 5-2 : Relationship Between User Needs and User Requirements
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Based on the users' needs, an in-scope needs were analysed to create the user requirements
specification as shown in Table 5-3.

Table 5-3 : User Requirements Specification
No

User Requirements

Rationale

R1

Access to highly specific Programme management is an information intensive
data on as-needed basis environment, while mobile devices are resource
on a centralised system.
constrained. Thus, the system needs to be intelligent to
retrieve and deliver context-specific information and
services to the users through a centralised system.

R2

Personalised
data - Programme management involves multiple projects and
information
supplied the users move from one project to another. Thus, the
based on the preference system should not just be able to provide information and
of the user.
services based on the context of the users, but also
according to the preference of the users as to what data or
services are required.

R3

Real-time
programme The users always have to monitor progress, risk and
and project management issues and control the programme and projects. Thus, the
support.
system should provide the users with the ability to view,
create and update programme and project management
data in real-time for effective monitoring and controlling of
the programme performance.

R4

Macro- and micro-level The users always have to access information based on
view
of
project his/her authorisation level, roles or project basis. Thus, the
information based on system should be able to provide macro- and micro-level
their roles.
programme and project information to the users based on
their roles in the programme and projects.

R5

Visibility of programme The construction programme managers need to have a
performance and project good visibility of the performance of the programme and
progress
through progress of each project. Thus, a good dashboard must be
dashboard.
able to provide visibility on the programme performance
and project progress.

R6

Resources utilisation able to identify and
needs
allocate
the
across project.

R7

Identification of macro- Programme management involves multiple projects and
and micro-positioning.
the users move from one project to another. The system
should be able to identify the position of the users to
I orovide context-specific information based on the location

The construction programme managers need to have a
good visibility of the resources needs across projects.
Thus, a good resource dashboard may be able to help in
the utilisation of the resources in the programme.
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No

User Requirements

Rationale

and on either the programme (macro) or project (micro)
management context.
R8

Ubiquitous
intelligent Construction programme managers may be involved in
support
provide various activities in multiple project environments. They
information and services also move from one project to another, are involved in
everywhere and anytime. various stages of the projects and deal with many
stakeholders with different needs. Thus, the system should
be able to provide ubiquitous intelligent support
(information and services) to the user based on various
contexts (such as location, projects and activity).

R9

Usability of the mobile
device.

The construction programme manager is the person with a
high-level position. Most of them are senior and need a
system that is easy to use and learn. The system should
provide them with information and services for them to
make an informed decision.

R10

lnteroperability/
Integration/ scalability &
flexibility of the system.

Many organisations apply various standard desktop (e.g.
Microsoft
Project
2003}
and
enterprise
project
management systems (e.g. Enterprise Microsoft Project
Management System, Primavera Enterprise and various
Web-Based PPM software) to help them in managing
complex construction projects. Thus, the system should be
built based on industry standards to permit future
development.
The
technology
used
should
be
interoperable and integrate well with existing enterprise
project management systems used in the industry. The
system should also be scalable so that it can be iteratively
improved.

R11

Value-added
tools services that add value
to the application.

Construction programme management involves a dynamic
and complex project environment. Sometimes, decisions
have to be made fast. This requires extensive information.
They have to go through various projects and stages to get
information related to a certain context to make an
informed decision. Therefore, the system should be able to
provide a value-added service (such as weather
information, current news, intelligent search) to help them
to know and be aware of the situation so as to make an
informed decision.

The user requirements hierarchy in Figure 5-3 classifies the in-scope user requirements into five
different categories, namely, real-time communication, programme and project management,
ubiquitous computing, technology application and services. This categorisation was taken to
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provide a basis to establish an appropriate relationship between the user needs, user requirements
and the design goals.
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Figure 5-3 : User Requirements Classification
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5.2.3

SYSTEM DESIGN GOALS

Based on the literature review (Sergio Pellegrinelli et al., 2006, Williams and Parr, 2006, Rajegopal
et al., 2007), the key components that are central to supporting the programme management
governance process are:
1. Role-based dashboards as a means of enabling programme managers to perform rootcause analysis of the business programme delivery process;
2. Implementation of a real-time information flow as a method by which project information can
quickly flow between the various stakeholders to ensure that the challenging nature of
stakehol~er

needs and the environment in which the organisation operates get effectively

factored into decision-making processes;
3. Implementation of a centralised or web-based data system that ensures that all project
information is accessed from a single source; and
4. Understanding of the business's ability to deliver on projects by gaining greater visibility and
control of the organisation's resources.

Based on these key components, user requirements and classifications, the system design goals
have been formulated as shown in Table 5-4. The system design is the basis and guidelines for the
prototype development process (discussed in Chapter 6), the development of the conceptual
model and the development of the functional specification.

Table 5-4 : System Design Goals
No

Design Goal

Requirements of the System

1
R1

Real-time communication needs
Access to highly specific data Should be smart enough to understand the user's
context and to process and deliver information and
on an as-needed basis on a
centralised system.
services (based on their context) from a centralised
system, thereby preventing information overload.

R2

data
Personalised
information supplied based
on the preference of the user.

2
R3

R4

Should be able to be personalised, so that only relevant
and needed data which match the criteria selected by
the users are provided.

Programme and Project Management needs
Real-time programme and
Should provide the users with an ability to view, create
project management support. and update project management data in real-time.

Macro- and micro-level view
of project information based
on their roles.

Should be able to provide macro- and micro-level
programme and project information to the users.
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Design Goal

No

Requirements of the System

Visibility of programme
performance and project
progress through the
dashboard.
Resources utilisation - able
to identify and allocate the
needs across project.
Ubiquitous Needs
Identification of macro- and
micro-positioning.

Should be able to provide information and visibility of
the status of project resources across all projects.

R8

Ubiquitous intelligent support
- provide information and
services everywhere and
anytime.

Should be able to provide ubiquitous intelligent support
to the user through the use of positioning technologies,
location-based services and context-awareness
computing.

4

Needs related to technology application
Usability of the mobile device. Should be easy to learn and use, and offer a very clear
and straightforward interface. The system should also
keep in view the limited screen size, input and output
capabilities and limitation of a mobile device.

R5

R6

3
R?

R9

R10

5
R11

lnteroperability/ Integration/
scalability & flexibility of the
system.

Services
Value-added tools- services
that add value to the
application.

Should be able to provide a summary of the progress
and performance of each individual project in one
screen.

Should be able to provide macro- and micro-level
positioning.

Should be built based on industry standards to support
future development. Technology used should be
interoperable and integrate well with existing enterprise
project management systems used in the industry. The
system also should be scalable so that it can be
iteratively improved.

Should be able to provide potential services as valueadded services for the mobile programme management
system.

5.3
CONCEPTUAL MODELS FOR CONTEXTUAL DEVELOPMENT
The conceptual and system models are the two most commonly used models in the traditional
software processes for the transformation from informal need (in-the-world) to the formal need (inthe-computer) (Bium, 1996). According to Hua et al. (2003), the conceptual model is a
representation of the problem raised by the users and is carried out for the purpose of
understanding, while the system model or software architecture (Shaw and Garlan, 1996)
represents the starting point of the software solution for the problem (which will be discussed in the
next chapter).
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There were two types of conceptual model: product-oriented or process-oriented (Mayhew, 1999}.
A product-oriented model is for applications with a clear, identifiable work product that the users
individually create, name and save (e.g. Microsoft Word, Excel and PowerPoint application).
Meanwhile, a process-oriented model is for applications in which there are no clearly identifiable
primary work products. In these applications, the main idea is to support the work process.
Information may be stored and retrieved, but usually all users have access to the same information
(centralised system) and not individual products. Thus, the process-oriented conceptual model
forms the focus in this research.

Conceptual modelling plays a central role in capturing the system requirements. it permits the
developer to formalise the knowledge of the application in a high-level, platform-independent and
formal way (Brambilla, 2003). The conceptual model's goal is not only the navigation of content,
but also supporting the programme-management process occurring within the organisation and
between the organisation and its partners.

5.3.1 PROCESS-ORIENTED CONCEPTUAL MODEL
The process-oriented conceptual model of the Context-Aware Information System (G-alS) was
developed based on the latest project management information system (PMIS) reference model
(Ahlemann, 2009). This PMIS was selected because it has been designed to serve both single and
multi-project management purposes. Detailed discussion of the various project management
information systems and conceptual models can be found in Chapter 2. The Context-Aware
Information System (G-alS) conceptual model is shown in Figure 5-4.

The conceptual model shown in Figure 5-4, presents the process flow of data in the context-aware
information system (C-aiS} application. The Context-Aware Information System (G-alS) conceptual
model developed as a proof of concept prototype. Therefore, the relationship between the users
and mobile device to view programme management data is the only concern and discussed in this
thesis. The C-aiS conceptual model shows the data flow between the user and the programme
management information system. The outer box of the diagram is the entity which is the important
components of the system (e.g. User, Services, Programme and Project). The numbered boxes
(from 1 to 9) are the functions of the system (e.g. Login to G-alS system), while boxes with
numbers starting with 01 to D12 are the items included in the class diagram (e.g. D1 - User
Detail}. In the following sections, the conceptual model provides the guidelines for the development
of functional specifications.
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Figure 5-4 C-aiS Application Conceptual Model
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Rolland and Prakash (2000) identify two types of sub-requirements that have to be modelled. Userdefined requirements arise from people in the organization and reflect their goals, intentions and
wishes whilst domain-imposed requirements arise from the facts of nature and reflect domain laws.
This means that there are two types of requirements: the usage and the subject. The usage
describes the context in which the system is to be used or the context of use and consists of the
characteristics of the intended users, their tasks and the environment. The subject describes the
context in which the system is to be set up and consists of the programme- and projectmanagement environment. Thus, the linkage that bridges the usage and subject features will be
the context model, which is discussed in the following section.

5.3.2

CONTEXT MODEL

In order to articulate context in a meaningful way, the concept of mobility was considered. Several
contextual factors related to mobile ICT in the construction industry were identified from interrelated
dimensions discovered by Kakihara and Sorensen (2002) and further discussed by Mitchell et a/.
(2006). The three interrelated dimensions were: spatial mobility, temporal mobility and contextual
mobility. Based on these three dimensions, the system design goals (articulated in the section
above) and the reference framework (by Adorni et al. (2006)), the context model for the C-alS
system was developed (Figure 5-5).

Programme
Manager

Project
Manager

Macro

location

Channel

Micro
Building/Site

Floor/Level

Enterprise Project
Management System

Room/Area

Figure 5-5 : C-aiS Context Model
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The context model shown in Figure 5-5, defines the context as an aggregation of four, different,
main groups of properties:
• User profile -characterises who is interacting with the application. In this research the
users will be Programme Managers and Project Managers;
• Location and time- a description that identifies where the user is located while interacting
with the application. The location is composed of macro- and micro-locations. Macrolocation expresses the location using GeoPos (geographical position), which is longitude
and latitude, whilst micro-location describes the location within a construction site or
structure using a building/site component, a floor component and a room component;
• Activity - describes the relevant information about the ongoing activities or tasks with
which the user is involved. This is achieved through the enterprise project management
system; and
• Channel- defines the channel used by the context, which identifies both the physical
device and the connection used to access the application.

The presentation rules in this design followed the process-oriented conceptual model as stated
above. To make interfaces simpler and less cluttered, the main and overall application was
represented as an icon. Some of the macro- and micro-level information and services are also
represented by icons with each icon representing a function. These functions were related to the
programme dashboard, the project dashboard, resources and services. Detailed discussion of the
functions of the C-a!S application is presented in the functional specifications in the following
section.

The use of context is important in interactive applications (Dey and Abowd, 1999). it is particularly
important for applications where the user's context is changing rapidly, such as in both handheld
and ubiquitous computing. In much of the published research into mobile computing (Abowd et al.,
1997, Bahl and Padmanabhan, 2000, Fredrik et al., 2001 ), the parameter location is most often
used to approximate the context and to implement context-aware applications. Schmidt et a/ (1999)
propose that ultra-mobile computing, characterized by devices that are operational and operated
while on the move (e.g. PDAs, mobile phones, wearable computers), can significantly benefit from
a wider notion of context. The interaction of application with the context play an important roles in
computer programming. Therefore, it is important to understand the interaction model that lead to
the changing of context. This is discussed in the following section.
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5.3.3

INTERACTION MODEL

The user's explicit interaction is always interpreted against the current context. Implicit interaction
can lead to a change of context (Rehman et al., 2007). The C-a!S prototype application has been
developed by referring the Rehman Interaction Model shown in Figure 5-6. This interaction model
includes the physical environment and the application. Users interact with the application while
performing their daily tasks. The application is sensitive to the user's context and interprets all
interactions against the current context.

Figure 5-6 : Rehman Interaction Model (adapted from Rehman et al., 2007)

This research used a combination of location context and project management context (projectbased, task-based and activity-based) which is based on the Rehman Interaction Model (Rehman
et al., 2007). ·
When a user changes context, the application reacts by changing its frame of reference for
interpreting the user's actions. Such context changes can occur through implicit interaction, which
is interaction not directly targeted at the application. For example, in a context-aware information
system application, explicit interaction includes tasks from programme and project management
activities, while implicit interaction consists of moving to another site location (micro location) or
moving from one project to another project (macro location). Explicit interaction is the content, and
the context is maintained through implicit interaction. The result is a context-aware interaction
modelled in the system architecture. Interaction is always interpreted according to its context.
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5.4

·CONTEXT-AWARE INFORMATION SYSTEM (C-aiS) ARCHITECTURE

Several proposals of system architectures that support the development of context-aware
information services have been already presented in the literature (lmielinski and Viswanathan,
1994, Voelker and Bershad, 1994, Abowd et al., 1997, Brown et al., 1997). These system
architectures differ mainly in the way they implement the context-awareness, and in how they
adapt to the changing conditions of a mobile environment. Based on the design goal presented
and discussed in Section 5.2.3, the researcher's developed a system architecture for the design of
context-aware information and services tool for the Construction Programme Manager as shown in
Figure 5-7.

Programme Management
Server

D•"
CAIS
Client Engine
Programme Manager

GIS Database
Server

MOBILE CLIENT

NETWORK SYSTEM

(Users &. Tracked Objects)

(Wireless)

SERVER SYSTEM

(Database&. Map)

Figure 5-7: Context-Aware Information System (C-aiS) Architecture
The context-aware information system (C-aiS) architecture consists basically of four main
components: 1. The Positioning System - using GPS and WLAN for the determination of the current
location;
2. The Mobile Client- a mobile device that is able to receive location coordinates from GPS
and WLAN, transmit location coordinates to the application server, receive information or
data from the server and the CAIS application that is able to process the selection between
GPS and WLAN location information (G-alS Client Engine);
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3. The Context Information Network System - the wireless network environment for
transmitting contextual information and data to the users; and
4. The Server System -the context-aware server engine that is able to process location data
gathered from GPS and WLAN and intelligently choose the right information and services
from the servers available in the system such as the Database server, the GIS server and
the Enterprise Project Management server.

Having context-aware applications (such as the location and activity context) allows the application
to present information and services that are relevant to the Construction Programme Manager's
current position, especially when the Programme Manager makes multiple site visits. The contextaware application supplies information and services based on the Construction Programme
Manager's current location by using the Global Positioning System (GPS) for the outdoor location
coordinates and a Wireless Local Area Network (WLAN) for the indoor location coordinates. The
location coordinates (latitude, longitude and altitude) are then transmitted from the mobile client
(PDA-Phone with GPS and WLAN capabilities) to the C-aiS application server through a wireless·
network.

The C-aiS application server registers the query issued by the mobile client and then performs the
following operations until the query is active:
1. Retrieve information associated with the current context together with its scope and load
information to the user device (based on selected context information);
2. Periodically monitor the current user's context and checks whether it belongs to the current
information scope. If an out-of-scope condition is detected, the service manager restarts
from step 1.

The C-aiS application server will process the coordinates received based on the context defined
(such as location, time, activity, task and project). This process will involve the programme
management servers, database servers and GIS servers,' so that it can be programme to
automatically send specific information and services to the Construction Programme Manager
(such as the project information required, issues to be resolved at the project site, advice, .
coordination or overall overview of the project) based on the context information. This flow of
project information and services can be utilised by the Construction Programme Manager to
monitor a programme's performance, progress reports and efficiently manage a multiple-project
environment.
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The C-aiS architecture discussed will be the reference for the functional specifications and
prototype system development. Since this is a proof of concept prototype development, it is
important to note that the functional specification and the use-case discussed in the following
section is only part of the whole system.

5.5

FUNCTIONAL SPECIFICATIONS

This section focuses on use-case diagrams, which illustrate the functionality of a system through a
diagram. Firstly, the potential functions of the system were introduced based on the user
requirements and system design goals. Secondly, the use-case diagrams are presented and their
method of use described. This is followed by a discussion of the actors and the use-cases. Finally,
the relationships relating to actors and use-cases are presented through the use of class diagrams.

Based on the user studies and literature review, the functions for a context-aware information
system have been identified. Table 5-5 presents a list of the functions that the software will be
required to perform and briefly describes the justification for the selection of the functions for the
context-aware information system.
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Table 5-5 : Justification for The Selection of The Functions of C-aiS

No

C-aiS System
Functions

Functional Requirements

Rationale
User Studies

Literature Review

1

Login.

Only an authorized user is allowed to Security and privacy are the issues From
the
literature
reviews
perform all the functions available of most concern to the Programme (Wagealla et al., 2003, Ackerman
Managers interviewed.
within the application.
et al., 2004), the security and
privacy of a user plays an
important role in any successful
information system. Privacy is
intrinsically bound up with control
e.g. who controls what information
as well as the applications and
systems
that
construct
and
disseminate
that
information.
Users concerned about their
private information are likely to
in
such
refuse
participation
systems (Wagealla et al., 2003).

2

Personalised
Account.

Personalisation is required so that
the user can customise the
information that can be displayed
based on the preferred context
(location, time, activity or task).

User requirements elicited from the
user studies show that the
information needs of Programme
Managers change from day-to-day
in line with the tasks (role-based),
changes from project to project
(project-based), changes frorn
crisis to crisis (issues based),
changes from phase of project to
phase of project (project based).
Sometimes they need information
based on the information on the
and
project (project based),
sometimes they need to access
the system when the~ have a

From the literature reviews it was
found that the personalised
information can be categorised
based on the list below:
• Role-based visibility (Rajegopal
et al., 2007)
• Project
phase
(Project
Management Institute, 1996}

-
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No

C-aiS System
Functions

Functional Requirements

Rationale
User Studies

Literature Review

problem (issues based).

3

Programme
Dashboard.

4

Project
Dashboard.

Contextual Programme Dashboard
to display the operational status of
the business's projects and help the
Programme Manager manage their
interdependencies.

User requirements elicited from the
user studies show that the
programme dashboard enables the
Programme Managers to:
•Gain real-time visibility of the
status of all programme and
Effective governance occurs when a
project interdependencies;
.variety of planning, performance • Increase visibility of programme
reporting, control system and tools
performance;
are used interdependently to allow • Report
upstream
and
an organisation to:
on
downstream
all
project
• Know how it is performing,
activities to stakeholders and
• Understand the operational risk
project managers;
and issues that need to be • Tracking and predicting financial
managed, and
and strategic objectives with Key
• Facilitate key business decisions.
Performance Indicators (KPI) to
(Williams and Parr, 2006):
enable the Programme Manager
to monitor and control the
performance of the programme;
and
• Easily monitor and update the
stakeholders.

From the literature review it was
found that the use of the
programme dashboard is required
for:
a
• Assisting
in
governing
of
programme
(Office
Government Commerce, 2003,
Williams and Parr, 2006),
• Assisting the monitoring of
programme
performance
(Rajegopal et al., 2007);
• Construction programming and
control (Fewings, 2005);
• To get high-level vision of the
programme (Williams and Parr,
2006);
their
manage
• To
interdependencies (Rajegopal et
al., 2007); and
• To facilitate timely decisionmaking (Williams and Parr,
2006).

Project dashboard to provide a User requirements elicited from the From the literature review, it was
single view of all project information user studies show that the project found that the uses of the project
enables
the dashboard are for:
under the control of the project dashboard
manager and give him/her the ability Programme Manager and Project • Project monitoring and control
to push real-time reporting up within Manager to:
(Rajegopal et al., 2007_2; and
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No

C-aiS System
Functions

Rationale

Functional Requirements
User Studies

Literature Review

the business as well as down to
team members.
The function should enable the
Project Manager to have an instant
view of milestones, issues, what is
holding up a project, who can help
out and/or where the potential risks
are located.

• Streamline best-practice project
management procedures;
•Help
manage
resource
schedules,
and
cost
performance; and
project
•Manage
risk
and
mitigation.

• Controlling
the
stage
construction (Fewings, 2005)

User requirements elicited from the
user studies show that the success
of the program management office
is closely linked to the
responsiveness of senior
management to issues raised by
Programme and Project Managers.
These issues are typically beyond
their control and rnay impact on
multiple projects. The issuesbased structure would enable the
senior management to view critical
issues that need their attention and
can act fast in making decisions,
reducing risk and increasing the
efficiency of the programme
management.

From the literature review, it was
found that it is important to know
issues or problems as early as
possible in order to:
• Know the impact on activities
(Fewings, 2005); and
• For effective governance - to
provide support and facilitate
issue resolution (Williams and
Parr, 2006).

in

5

Tasks & Issues.

Task and Issues view to increase
transparency and improve decisionmaking so that the information is
unified, enabling users to identify
underperformance or overlapping
projects,
risks
and
resource
bottlenecks sooner and make
adjustments.

6

Resource
Utilisation.

Resource utilisation to identify the User requirements elicited from the From the literature review, it was
demand for the resource, the priority, user studies show that the visibility found that effective resource
management and visibility of the
and to match with the available of resources is very important for:
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C-aiS System
Functions

Functional Requirements

Rationale
User Studies

Literature Review

supply.

• Controlling resource allocation
and utilisation; and
• Budgeting and key milestones of
the projects to enable the
Programme Manager to plan and
relocate resources.

resources are important to the
programme management. Some of
the needs are:
• For resource utilisation (Reiss,
1996, Williams and Parr, 2006,
Rajegopal et al., 2007); and
• For successful project and
delivery
(Reiss,
programme
1996, Rajegopal et al., 2007).

User requirements elicited from the
user studies show that the systems
should be designed to give
managers
programme
and
decision makers a more accurate,
complete, consistent and up-todate view of their information and
of the business.
User requirements elicited from the
user studies show that the
construction industry is information
intensive. Searching information
can be frustrating in multiple
project environments.

7

News&
Announcements.

News and announcement to and
from the project team or the
stakeholders.

8

Searching &
Browsing.

An intelligent searching of relevant
information for the programme or
based
on
contextual
project
information and navigating project
information based on the programme
manager's personalised context (e.g.
role, task and location).
allows
the
Context searching
Programme· Manager to have the
information fast, thus facilitating
decision-making.
Context
rapid
browsing allows the Programme
Manager to browse information or
documents that are related and
relevant to his/her current context

From the literature reviews it was
found that effective document or
are
information
searching
important because:
• Project Managers in construction
spend more time looking for
documents (Joia, 1998); and
• There are huge issues in finding
the most recent version of
engineering documents (Joia,
1998).
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C-aiS System
Functions

Functional Requirements

Rationale
User Studies

Literature Review

At the programme level, monitoring
and controlling involves obtaining,
measuring and consolidating data
on status and progress from
individual project or programme
packages. Programme Managers
need to report to the stakeholders
about each project's performance
as it relates to the overall
programmes, as well as reporting
on non-project deliverables being
produced at the programme level.

From the literature review, it was
found that documents are created
from scratch, as it is very difficult to
find a template that might be useful
(Joia, 1998). Therefore tools
should
be provided
in an
application for a standardised
documenting,
to
approach
and
assessing,
resolving
disseminating issues and risks
(Rajegopal et al., 2007).

(such as project location and task).

9

Services.

Provide valuable services such as
generating
instant reports
(to
accurately roll up data or project
information to the executive team in
real time or on demand) and instant
weather information (to make an
informed decision).
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The functional specification developed was based on the Unified Modeling Language
(UML) using the Rational Rose software (currently known as Rational Software). The
Unified Modeling Language (UML) is a graphical language for visualising, specifying,
constructing and documenting the artifacts of a software-intensive system (Kruchten,
2000). The UML gives a standard means of writing the main system's design model,
covering conceptual items (such as business processes and system functions) and
concrete items (such as classes written in a specific programming language, database
schemas, and reusable software components). Detailed discussion about the software
development methodology and the relationship between the use-case, UML, Rational
Software and UCD were discussed in the previous chapter (Chapter 4). Use-cases are the
basis for defining the entire system-development process.

5.5.1

USE-CASES

A use-case is a sequence of actions a user will perform when using the program (Shelly et
al., 2007). The use-case diagram illustrates the functionality of the system as well as the

relationships among different use-cases. Figure 5-8 shows the elements and meaning of
the symbols used in the use-case diagram.

Use Case Name
Actor Name
Actor Symbol

Association Line

Use Case Symbol

Figure 5-8 : Symbols in Use-Case Diagram

An actor symbol- represents users and external systems;
A use-case symbol- represents a functional requirement that is described from the
perspective of the users of a system; and

An association line - represents that the actor uses the use-case.

According to Bell (2003), use-case diagrams generally show groups of use-cases (either
all use-cases for the complete system, or a breakout of a particular group of use-cases
with related functionality). The use-case diagrams in this research were developed using
Rational Software. As described in Chapter 4, Rational Software is an object-oriented,
Unified Modeling Language (UML) software design tool intended for visual modelling and
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component construction of enterprise-level software applications (Kruchten, 2000).
Rational Software is one of the leading and most comprehensive software development
tools in the industry (Zuser et al., 2005). Zuser et al. (2005) also makes a comparison of
software development processes and found that the Rational Software RUP is one of the
most elaborate software process models regarding software quality support. Thus, by
using leading industry standards with good-quality support, interoperability and integration,
the problems for future development, commercialisation and acceptance by the industry
will be solved. Further information can be accessed from the official website for Rational
Software at www.ibm.com/software/rational/.

Rational Software documents the diagram (as it is being constructed) and can then
generate code in various programming languages such as C++, Visual Basic, Java and
OracleS. Furthermore, it is able to provide iterative development. Therefore it was selected
as the tool for creating and showing the use-case diagram, high-level class diagram and
relationships between the classes.

A use-case was used to plan and perform iterations. lt organised the activities and focused
on implementing the requirements of the system. According to Krutchen (2000), use-cases
are the bridge that unites requirements and design activities. The context-aware
information system features were illustrated through the use of a use-case diagram is
shown in Figure 5-9 (based on the requirement description provided at the beginning of
this section). Details of the selected features are as listed below:

•

Contextual Login

o

Where the application can customise the information or interface based on
the user's location, responsibility etc.

•

Personalised Application Interface
o

Where the user can customise the information that can be displayed based
on the preferred context (location, time, activity or task).

•

Context-Aware Programme and Project Dashboard

o

The capabilities to view the programme and project performance at macroand micro-levels (information such as programme performance, project
progress, contractual information and unfinished tasks);

o

The ability to monitor and control the programme and project; and
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o

The ability to filter information in ways that make the application show only
relevant data based on the specific user's context.

•

Context-Aware Resource Management
o

An application can trigger the Construction Programme Manager's
awareness of the current usage of resources.

•

Context-Aware Searching and Browsing
o

An intelligent searching of relevant information for the programme or project
based on contextual information.

o

Navigating project information based on the programme manager's physical
context (e.g. location). This allows the programme manager to browse
information or documents that are related and relevant to his/her current
context (such as project location and task).

•

Context-Aware News and Announcement
o

News and announcements to and from the project team or the
stakeholders.

•

Context-Aware Task and Issues

o

Need to provide critical tasks or issues to increase transparency and
improve decision-making.

o

So that the information is unified, enabling users to identify underperforming
or overlapping projects, risks and resource bottlenecks sooner and make
adjustment.

•

Context-Aware Generation of Project Reports

o

Generating instant reports is important to accurately roll up data or project
information to the executive team in real time or on demand.
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Project Manager
Assign/Reassign Resource

View Resource

---

( ____ )
-;:;View News and Announcement";--:::.

----------

Programme Manager

----..........-.....

I
~--(

<<include>>

'-. _______ _)

Track Project Progress

Track Programme Performance

Note on the Arrow:
Extend- function stands on its own (not dependent to other functions)
Include- in order for that function to work it has to depend on other functions

Figure 5-9 Context-Aware Information System (G-alS) Use-case Diagram

153

As shown in Figure 5-9, there were two types of users for the C-aiS application, which are:
•

Programme Managers; and

•

Project Managers.

Characteristics for the users are:
•

Programme Managers will have the major role with full control over the application.
They are allowed to perform all the functions available within the application.

•

The Project Manager's role is a sub-set of the Programme Manager's role. They
are allowed to perform most of the functions of the Programme Manager but they
are not given the authority to perform the delete function within the Manage
Programme Dashboard area.

•

Since there are restrictions on the Project Manager's role, the system should be
able to allow or block the user who logs into the application. Different users with
different roles may have different views.

5.5.2

USE·CASE DESCRIPTION AND PROCESS FLOW DIAGRAMS

As illustrated in Figure 5-9, the context-aware information system (C-aiS) use-case
diagram identifies the specific functionality that the system must provide to its users. The
features presented in Section 5.4.1 are described in detail in the appendices (Appendix 2
to Appendix 9). Each use-case starts with a brief description and the actors involved,
which is followed by the conditions that must be fulfilled before and after the use-case
(pre-conditions and post-conditions). These are followed by the process flow diagram and
a description of the basic flow of events. Finally, an alternative and exceptional flow of
events is also presented.

5.5.3

CLASS DIAGRAM

Since the use-case is the basis for the design model, it is implemented in terms of design
class. A class defines a type of object and its characteristics. An object is an instance of a
class (Aihir, 2003). The purpose of the class diagram is to show the static structure of the
system being modelled. Normally, a class diagram is drawn as a rectangle containing
three compartments stacked vertically, as shown in Figure 5-10. Firstly, the top
compartment shows the class's name, followed by the middle compartment, which lists the
class's attributes. Finally, the bottom compartment lists the class's operations.
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ClassName
attributBl : String
attributB2 : String
attribute3 : String
operation1 ( ) ; String

operation2 ( )
operation3 ( )
Figure 5·10: A Generic Class Diagram (adopted from Alhir, 2003)

This research involves a 'proof-of-concept' prototype system. Thus, only high-level class
diagrams were used to develop the prototype system (using only the class name and class
attribute). lt is important to note that the diagram should not just specifically show the
entities in the system, but also the relationships with other entities in the system. Thus, the
high-level class diagram and the relationship between the proposed functions were
developed for the context-aware information system (G-alS) and shown in Appendix 10.

5.5.4 ASSUMPTIONS AND DEPENDENCIES
The functional specification and prototype system being developed are based on the

following assumptions and dependencies:
Company:

• The company should be using enterprise project management software or programme
management software that has integrated

programme management system

capabilities. The system should be able to link to all project information for all project
teams.
• The organisation should be ready to adopt changes from traditional paper based to
computerised processes in daily management activities.

I

Site Infrastructure:

------1

• The construction site, project management office (PMO) and company main
headquarters (HQ) should have wireless LAN capabilities. However, WiMax would be
preferable in future adaptations.

Personal Device:

• Each user should be equipped with a Personal Data Assistant (PDA) with a GPS
receiver and WLAN capabilities.
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Hardware:

• Database and application servers should be used and maintained by dedicated
project staff.

5.6

SUMMARY

This chapter presented the user requirements, conceptual models and the functional
specifications of the prototype system. it was important to note that the user studies are a
very important stage in this research and have been conducted thoroughly in detailed user
studies. This was to make sure that the prototype application is developed not just to prove
the concept but also to do what the users want. Using user-centered design (UCD) helps
in understanding user requirements and the context of system use through a systematic
process of requirements development. User requirements were translated to the system
design goals and contribute further in conceptual model development. A use-case-driven
approach was adopted to present the functional specifications. Therefore, this chapter
forms the basis for the development of the prototype system described in Chapter 6.
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Chapter 6
CONTEXT-AWARE INFORMATION SYSTEM
DEVELOPMENT
This chapter presents the context-aware information system prototype that was
developed based on the system design goals set out in Section 5.2.3 (Chapter 5). A
prototype is an approximation of a system that exhibits the essential features of the
final version of that system (Avison and Fitzgerald, 2002). A key objective of the
implementation of a prototype system was to identify more detailed user
requirements and to demonstrate the feasibility of the concept discussed in this
research to the key users involved in construction programme management.

6.1

INTRODUCTION

Context-aware information system (C-aiS) prototypes were developed using a
combination of low- (paper and PowerPoint) and high-fidelity prototypes (Visual Basic
2005) at different stages and levels (as illustrated in Figure 6-1 ). At graphic user
interface (GUI) and interaction design stage, the low fidelity prototype was used.
While, reaching an interactive mobile application development stage high-fidelity
prototype was used.

-

Paper Prototyping
Powerpoint Prototyping

Graphic Users
lntorfaco (GUI) and
Interaction Design

)choice of Mobile Device & os)

---

Development Environment

---

Positioning System
Network System

Interactive Mobile
Applicotion

Server System
System Features

re 6-1 : System

and Types of
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Table 6-1 presents the justification for using both types of prototype in the C-aiS
prototype system development. lt is possible to categorise a C-aiS prototype as
being of low- or high-fidelity depending on whether it is the user's or the developer's
view of fidelity that is being used.
Table 6-1: Justification for the System Development Stages and Types of
p rotOtVPe
t
Types of
Justification
Tools Used
System
Prototype
Development Stages
Low-fidelity
Very fast and cheapest
Paper
Graphic User
prototyping
development cost.
Prototyping
Interface (GUI)
Able
to
evaluate
a
multiple
Designs
screen design concept.

Interaction Designs
and Usability

PowerPoint
Presentation

Able to evaluate and see the
problem of the process flow of
the function designed.
Usability of the design.
Able to evaluate the colours
and icons.

Low-fidelity
prototyping

Prototype System
Demonstration and
Evaluation

Visual Basic
Application

Gives an 'early feel' to the user
of the application.
Able to show what the
application will do, how a user
will interact with it and what it
will look like.
Discover exactly what the users
want from the system, as well
as what is feasible.

High-fidelity
prototyping

6.2

LOW-FIDELITY PROTOTYPE DEVELOPMENT

The preliminary C-aiS application development was undertaken by means of a
prototyping approach based on the developed functional

specification and

deployment scenarios (described in the previous chapter). The system development
also includes paper prototyping (Figure 6-2) and PowerPoint presentations (Figure
6-3) to clarify requirements and enable the graphic user interface (GUI) and
interaction designs to be very rapidly simulated and tested.
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Figure 6-2 : Paper Prototyping

The graphical user interface was designed to help the user to perform monitoring,
analysis and response tasks. When designing an effective graphical user-interface,
Nielsen and Molich (1990) suggested that the design should be simple, clear and
address the user tasks. On the other hand, See and Woestendiek (1986), suggested
the use of common sense to design a graphical user interface. The common sense
or heuristic rules include clear design, use of user language, simple layout and
addressing the user tasks.
Screens are designed and implemented based on the core functionalities of an
application. There are some screens that are not available due to their functions
being less important compared to the others. These categories are identified
according to the major focus of the developed prototype application (discussed in the
previous chapter).
The underlying functions are implemented as dummy functions whereby the
interactions between one particular screen and another are based on the 'hardcoded' information. There is no retrieval of information from the database server
since the processing of the data (e.g. capturing the data or displaying the information
or updating the information) is being handled within the code itself. There are some
screens that consist of information that is generated and captured as an image,
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which is linked to the respective screens to represent how the actual functions will be
(the image screen represent out of scope function).
These draft interaction designs and screen designs were used to obtain preliminary
feedback about the interfaces and interaction, so that the final interactive prototypes
will be more user-friendly. Seven researchers (involved in the IT and construction
research) were invited to comments and give feedback regarding the screen layout,
colours and interactions (Figure 6-4 ). Based on this feedback, the proof of concept
prototypes were refined and redesigned before being tested by the Programme
Managers. The following describe the interactive prototype system development for
the context-aware information system chosen as a result of the design philosophy
and goals presented in Section 5.2.3.

Figure 6-4 : Researchers discussing the screen layout and interaction

6.3

HIGH-FIDELITY SYSTEM DEVELOPMENT

This proof of concept prototype system development was based on the C-a IS
architecture described in Section 6.2. The prototype system was designed to be able
to provide context-specific information based on the user's project and position. The
location information would be acquired through an application running on a Windows
Mobile 5.0 (or later) device. Such a system has potential commercial applications
(knowing where a delivery or service person is located) and personal applications
(e.g.: you are heading to a friend's office for a meeting and the friend would like to
know how far away you are).
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For this prototype, we wanted to be able to acquire the location information from the
GPS Intermediate Driver or WLAN and wanted a way to have a server send specific
information or services either at the request of the user or through the action of the
user based on the selected context. The GPS Intermediate Driver is useful to
developers writing applications that use GPS (Global Positioning System) devices as
well as to GPS hardware manufacturers. it is useful because it provides an
intermediate layer that abstracts the actual GPS device from developers and
manufacturers (MSDN Library, 2006). Ideally, this enables application developers to
write code that works with any GPS hardware and enables GPS device
manufacturers to produce hardware that works with any application. Thus the
fundamental technologies used here are:
• GPS Intermediate Driver - gets GPS information in a way that will not interfere
with other GPS applications;
• WLAN Ekahau positioning - gets the position using a wireless local area
network; and
• G-alS Application - provides information and services based on a selected
context.
The next section presents the steps taken in the prototype design and
implementation. it covers the hardware, software and network system required to
develop the prototype.
6.3.1

CHOICE OF MOBILE DEVICE AND OPERATING ENVIRONMENT

A mobile device (also known as a converged device, handheld device, handheld
computer, "Palmtop" or simply 'a handheld') is a pocket-sized computing device,
typically having a display screen with touch input or a miniature keyboard. Five types
of mobile devices can possibly be used by Programme Managers.
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Table 6-2 : Types of Mobile Device and Operating Environment (adopted from
Goggin and Mittal, 2005)
Apple

Blackberry

Windows

iPhone

Native development
Languages supported
for native

Yes

PDA

Mobile
Yes

Objective- C++, C#,

Yes

C++, C#,

Smartphone GooglePhoneI
560

Android

Yes

Yes

C++

Java

c

VB.NET

VB.NET

Immature

Mature

Mature

Mature

Immature

First-party support

Yes

Yes

Yes

Yes

Yes

Community support

Excellent

Excellent

Excellent

Excellent

Excellent

Emulator available

Yes

Yes

Yes

Yes

Yes

Remote debugging

Yes ·

Yes

Yes

Yes

Yes

Target device variety

Poor

Excellent

Excellent

Good

Poor

Multi-

Single

Single

touch

touch

touch

No

Single touch

Windows

Windows

Symbian

Linux

development
Platform maturity

Touch screen support
Underlying

Mac OS

architecture

X

Flash availability

No

Yes

Yes

Yes

No

Java availability

No

Yes

Yes

Yes

Yes

Table 6-2 shows that current mobile devices have almost the same capacity.
However, it was found that only PDA and Blackberry devices supported the VB. NET,
C++ and C# programming language. Thus, both devices offer more flexibility in
choosing the development platform, especially with the availability of the software for
the development. Between PDA and Blackberry, a PDA was chosen in this research
for the following reasons:
1. PDAs are relatively inexpensive to purchase. Blackberry devices can
be purchased only with contract terms with the telecommunication
provider. PDA devices can be purchased without being bundled with a
contract and large groups of users can be equipped with PDA devices for
a relatively small sum of money;
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2. PDA

devices

programmed

are very
to

run

just

programmable.
about

any

PDA devices
application

(or

can

be

multiple

applications) from the most basic to the very complex. Long, extensive
and complex forms can be designed and programmed to allow rapid data
entry, with logic and data validations. Chances are, the process of filling
out any paper form in the field could be greatly enhanced, both in speed
and reliability, by using PDA devices;
3. PDA devices are very easy to use. Anyone, regardless of computer
experience, can use a PDA device. Everything is well laid out for intuitive,
rapid access and control. This change means that organisations need not
devote resources to training and retraining; and
4. PDA devices are very efficient. Aside from the low initial purchase
price, PDA devices are very inexpensive to keep in the field. Most PDA
devices can run for days and, in some cases, weeks on a charge (e.g.
XDA mini).

Furthermore, the successful use of the PDA in the

construction industry has been reported by many researchers (Kimoto et
al., 2005, Tserng and Dzeng, 2005, Kim et al., 2008).

6.3.2

APPLICATION DEVELOPMENT ENVIRONMENT

Three main operating environments were considered for the mobile application
development. They included Sun Micro-Systems' Java Platform Micro Edition
(J2ME), Macromedia Flash 8.0 and the Microsoft Visual Studio 2005 environment.
Since, the C-aiS application will be developed for PDAs which run on the Microsoft
Windows rM mobile operating system, the prototype application used will be Microsoft
Visual Studio 2005 (Microsoft, 2005).

This application development environment was chosen for the following reasons:
1. Microsoft Visual Studio 2005 is a type of integrated development environment
(I DE), which provides services and tools that enable a developer to code, test
and implement a single program, or sometimes a series of programs that
comprise an application. Microsoft Visual Studio 2005 works specifically with
Visual Basic 2005 as well as other programming languages (.NET Framework
2.0, C# and C++) to develop program code.

2. The visual interface of the Visual Studio 2005 environment makes the
development of a prototype more efficient. Its drag and drop development
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environment provides the programmer with a higher level of abstraction,
making tasks relatively easier. Its also has the capability for cross-platform
development,

which

enables

businesses

to

develop

mission-critical

applications with the Visual Studio development system and deploy them
natively on J2EE, UNIX® and Linux platforms, dramatically reducing
development costs and time-to-market (Mainsoft Corporation, 2004).
3. The availability of many Software Development Kits (SDK) for Visual Studio
2005 resulted in its popularity with many mobile programmers (VSX Team,
2007). This makes the development of various functions faster. This may
involve something as simple as an application programming interface in the
form of some files to interface with a particular programming language or
including sophisticated hardware to communicate with a certain embedded
system. Common tools, including debugging aids and other utilities, are often
presented in an IDE. SDKs also frequently include sample code and
supporting technical notes or other supporting documentation to help clarify
points from the primary reference material.

4. Visual Studio 2005 has a built in device emulator (as shown in Figure 6-5)
which provides a 'virtual' ARM-based device that is capable of running a
Windows Mobile (or Windows CE) OS image. Thus, the testing of the
application can be conducted rapidly and easily in the desktop without
installing it on a mobile device.
5. Finally, Microsoft Windows Mobile follows the industry standard, so that in the
future the prototype can be customised, extended and integrated with other
enterprise project management systems.
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Figure 6-5 : Mobile device emulator in Visual Basic 2005
The language used to develop the C-aiS prototype was C# 2005 and Visual Basic
2005, both are major components in Visual Studio 2005. The C-aiS prototype uses

a

Microsoft SQL Server database that integrates with Visual Studio 2005 (which allows
data bases to be created from within Visual Studio).

Furthermore, third-party software development is available for the Windows Mobile
operating system. There are several options for developers to use when deploying a
mobile application. These include writing managed code (C# and Visual Basic 2005)
that works with the .NET Compact Framework that can be deployed using Internet
Explorer Mobile or a mobile client on the user's device.

Managed code is code that has its execution managed by the .NET Framework
Common Language Runtime
development and

(Abrams,

2004). The .NET Framework is a

execution environment that allows

different programming

languages and libraries to work together seamlessly to create Windows-based
applications that are easier to build, manage, deploy and integrate with other
networked systems (Microsoft, 2008). The .NET Compact Framework is actually a
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subset of the .NET Framework and hence shares many components with software
development on desktop clients, application servers and web servers that have the
.NET Framework installed, thus integrating networked computing space. The
integration with other networked systems is very important in this application
development, because the C-aiS application depends on the system architecture
components including the mobile device, positioning system, network system, server
system and enterprise project management system to function effectively.

6.3.3

POSITIONING SYSTEM

The prototype system uses a combination of Global Positioning System (GPS)
technology for outdoor positioning and WLAN technology for indoor positioning.
Hybrid location positioning or the integration of outdoor (GPS-based) and indoor
(WLAN-based)

location positioning

was

the

concept

used

in

the system

development. The key benefits (such as seamless positioning integration and hybrid
positioning) of this approach were acknowledged by various researchers (Abowd et
al., 1997, Aziz et al., 2006a, Fathi et al., 2006, and Behzadan et al., 2008).

6.3.3.1 GPS POSITIONING SYSTEM
GPS positioning technology was adopted for this outdoor and macro-level prototype
implementation due to its global reach, optimum accuracy and efficiency. GPS data
signals used in this prototype follow the National Marine Electronics Association
(NMEA) data transmission standard. Under this standard, each sample of GPS data
is encoded as a sentence starting with a data type indicator which defines the
interpretation of the rest of the sentence. Each data type indicator has its own unique
interpretation and is defined in the NMEA standard.

In this interactive prototype, the GPS positioning uses live data from the satellite.
However, other context parameters were hard-coded to speed up and simplify the
application development (as explained previously). Part of the GPS source code for
the location context parameter is shown in Figure 6-6. The source code was used to
gets the new position when GPS reports a new position.
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namespace Microsoft.WindowsMobile.Samples.Location
{
Ill <summary>
Ill Event args used for LocationChanged events.
Ill </summary>
public class LocationChangedEventArgs: EventArgs
{
public LocationChangedEventArgs(GpsPosition position)
{
this. position =position;

}
Ill <summary>
Ill Gets the new position when the GPS reports a new position.
Ill </summary>
public GpsPosition Position

{
get
{
return position;

}
}
private GpsPosition position;
}
Figure 6-6 : Source code for the location context parameter

The prototype application was developed to be context-specific, so that the
information and services shown in the application were based on the user's projects
(current location) and tasks (time). In this prototype development, location
coordinates (longitude and latitude) from Google Maps were used to set the
boundary and area in order to create a live and interactive prototype demonstration.
The coordinates were verified using tools available in a GPS-enabled PDA. A sample
of the source code for setting the boundary is shown in Figure 6-7. The fixed
boundary was an area setup for Project A and Project B. By creating the boundary
and area, the prototype application will then be able to show the user how the
application behaves when the user enter the location.
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If update the Ul on the Ul thread
lnvoke(updateDataHandler);
}
void UpdateData(object sender, System.EventArgs args)
{
if (gps.Opened)
{
string str = '"';
//Project A building
double aMaxPostlat 52.763278;
double aMinPostlat 52.762722;
double aMaxPostlong -1.240583;
double aMinPostlong = -1.240472;
//Project B lab
double bMaxPostlat 52.762778;
double bMinPostlat 52.756222;
double bMaxPostlong = -1.22825;
double bMinPostlong = -1.241194;

=
=
=
=
=

if (device != null)
{
str = device.FriendlyName +"" + device.ServiceState + ", "+
device.DeviceState + "In";
}
Figure 6-7 : Source code for setting the boundary

This source code helped

to

demonstrate the use of a GPS positioning system to

provide macro-level positioning for the G-alS prototype application. This prototype
application also shows that the free, publicly-available GPS signals could be used in
order to provide the application with a sub-metre positioning accuracy. The algorithm
and methods developed in this research are generic enough so that other types of
GPS signal with higher data accuracy can be deployed without any need to modify
the existing data-extraction methods.

6.3.3.2 WLAN POSITIONING SYSTEM

WLAN-based positioning technology was adopted for indoor and micro level
prototype implementation for the following reasons:
1. Capabilities- WLAN has the capabilities for location tracking, data, voice and
video communications.
2. Cost - There is no additional infrastructure requirements as the wireless
infrastructure is increasingly available in many parts of the country.
3. Tracking technology - There is no proprietary hardware involved for Ekahau
WLAN-based positioning. Ekahau WLAN tracking technology operates on the
existing WLAN networks. it makes used of the signal strength to determine
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the actual position of the target device, and then reports the tag coordinates,
area, direction and speed within the WLAN coverage area. Ekahau claim that
their patented location algorithms are able to deliver the most accurate WLAN
tracking in the industry.

6.3.4

NETWORK CONTEXT INFORMATION SYSTEM

This section explains the requirements imposed on the network system by a contextaware information system. Network support via services is realized via openness
through the Application Programming Interface (API). The network system that
collects and distributes the context information in the C-aiS architecture is regarded
as 'Network Context Information'. Network context information, is used by services to
allow them to deliver the required service behaviour to users and to improve their
performance (Raz et al., 2006).
The nature of the network context information system is that it is composed of
different pieces of information, residing in different network locations. One of the
main challenges in the C-aiS system architecture is the efficient collection of context
information from the network components (GPS, WLAN, mobile device and server
system) and the ability to process and deliver it to the mobile device as required.
C-aiS applications need a constant flow of information about their environment, in
order to be able to adapt to it. This information is derived from many different sources
spread around the network. A main requirement for Network Context Information is to
be able to collect raw data from these sources, process it and, as needed,
disseminate the information to application (services) at different points within the
network. This prototype application has not just utilised the wireless local area
network (WLAN) available in the University to provide data and voice services, but
also to push and pull network context information from a server to the client.

6.3.5

SERVER SYSTEM

i

-I

This section explains the development of the prototype context-aware server engine.
A context-aware server engine should be able to process data and information from
an available server in the system such as a Database server, GIS server or an
Enterprise Project Management server.

A Microsoft Internet Information Services (liS) server was installed on the local
machine (an lntel Centrino Duo 1.66GHz Notebook). Internet Information Services
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(liS, formerly called Internet Information Server) is a set of lnternet-based services
for servers using Microsoft Windows XP Professional as shown in Figure 6-8.
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Figure 6-8: Directory in root folder of Internet Information Services

This directory simulates the project database and contains all project data such as
reports, documents and drawings. Data contained within the service root folder is
accessible over the World Wide Web. This had been working well in the earlier stage
of prototype development. However, for the demonstration and evaluation of the
prototype, changes have been made to the prototype server system so that there will
be no retrieval of information and services from the server. There are several
reasons for this: infrastructure reliability and availability on the test location (security
and WLAN coverage area); interactive demonstration purposes (outside of the
building); resource limitations and to reduce the complexity of the programming.
Therefore, the project information and services were hard-coded in the client
prototype application. A programming algorithm were hard-coded to make sure that
the users evaluating the prototype application were presented with an accurate
simulation of information being pushed and pulled from the server.
Since there is no retrieval of project information (by the client prototype application)
from the database and application server, the construction data that will be used
within this prototype will be based on a small set of mock-up construction data.
These mock-up construction data have been categorised according to the specific
scenarios that will demonstrate the behaviour of an application (programme
management support tool). As such, the client prototype application will only work for
the data as described above.
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I

I

I

6.4

CLIENT PROTOTYPE APPLICATION

This section describes the implementation of the use-case described in Section
5.4.2. A client prototype application was developed using the Visual Basic "Windows
Forms" in the Visual Studio 2005 environment (Figure 6-9}, to display context-

I

relevant data from the C-aiS server system.

CAISProjectDatabaseDataSet, xsd

Welcome Syazli!

frmAboutCAIS.vb
frmCAISDashboa'rd. vb
' frmCAISProgrammeDashboard. vb
frmCAISProjectDashboard, vb

frmExitCAIS. vb
frmlogin, vb
frmlog\n2.vb
frmMateriaiTr acking. vb
frmServices. vb
frmSetting. vb

frmStart.vb
frmTask.vb
frmWelcome.vb

False

o, 26
~ mainMenul

~ MainMenu2

True
mainMenul
True
240, 268
True

C-alS Dashboard

Several main functions were identified and presented in Chapter 5. These were
followed by a use-case description, class diagram and process flow. Therefore, the
G-alS prototype application has been developed with the following features:
1. Contextuallogin;
2. Personalisation;
3. C-aiS dashboard;
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4. Programme and project management context;

5. Resources utilisation; and
6. Services
6.4.1

CONTEXTUAL LOGIN

For mobile devices and applications, time constraints need to be taken into account
in initial application availability and recovery speed. When time is critical, waiting a
few minutes for an application to start may not be in the user's best interests. Given
the different contexts under which mobile devices are used, users may need to
quickly change or access functions or applications (Poupyrev et al., 2002). When
such situations arise, a user would need to quickly and securely access information
and services based on the context (projects, locations and tasks) involved.

When the users login (Figure 6-10), the G-alS client application automatically detects
the user's device (user's profile through the lP address of the mobile device) and
location (through the GPS or WLAN positioning system). This allows relevant data to
be retrieved automatically, without the user specifically having to specify the location
context and the profile of the user (Figure 6-11 ).

Please enter your user ni!me and
password
User name

Welcome syazli ! ! • Login successful.

You Are Here!

11

Passwurd

I
-------------1

'

Figure 6-10: Login page

Figure 6-11 : Automatically Detect
User Current Location
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6.4.2

PERSONALISATION

Mobile devices, by their nature, are more personal. While traditional telephones and
desktop computers can be shared many times among different users, a mobile
device is usually carried and used by only one person. Therefore it is more likely that
a user of mobile applications will need a device personalised to his or her
preferences. Different users have different usage patterns, preferences, priorities and
skill levels. So it is important to allow for variations among users.

Although the selection of context work automatically in C-aiS application, a user can
specify the context parameter on a personalised page as shown in Figure 6-12. The
context parameter is defined by the physical environment, the geographical position,
social partners, user tasks and personal characteristics (Gross and Specht, 2001 ).
The more context parameters are considered for information selection and
presentation, the more effective, efficient and satisfactory the user interaction will be.
However, in this prototype, only three types of context parameter were considered
(project, location and activity). This is to simplify the prototype development process.
Selection of a particular value on the settings page by ticking any context parameter
(as shown in Figure 6-12) resulted in the C-aiS server system only pushing the data
or services relevant to this particular context parameter.

Personalise Account Setting

Context Seledion

D !Location I
0 Activity

DProject

. -- ---1
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6.4.3

C-aiS DASHBOARD

After being personalised, the application will display the C-aiS main page
Figure 6-13). The main client application screen is called the C-aiS dashboard. lt
displays processed data or information from the C-aiS server engine (based on the
context parameter selected) in an icons format. According to Jung (2005), in order to
develop mobile user interface features that' are easily accessible and convenient for
users, buttons and icons should have a simple design. When buttons and icons are
complicated, their intended content is not conspicuous. Designs should be familiar
and easily visible to users.

C-a!S dashboard includes icons for:
1. Programme dashboard (macro);
2. Project dashboard (micro);
3. Material dashboard;
4. Services dashboard;
5. Search file service; and
6. Issues list.

Welcome Syazli!

Search

Issues

View Help EKit

Figure 6·13 : C-alS Main Page
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6.4.4

PROGRAMME AND PROJECT MANAGEMENT CONTEXT

The purpose of this application is as an information support tool. This tools intends to
support programme governance and the 'people and processes' side of construction
programme management deployment. In a programme portfolio context, there are
five main functions of governance (Williams and Parr, 2004 ):
1. To facilitate timely decision-making - decisions often involve the prioritisation
of resources or funding;
2. To provide direction and leadership to a programme team - direction and
communications to ensure alignment to the strategic vision;
3. To exercise control - the control process typically involves KPis, and the
approval of discrete events or milestones, usually involving the spending of
money or the delivery of a package of work;
4. To ensure consistency - quality across the programme and project delivery
through the consistent application and interpretation of standards and
practices; and
5. To provide support and facilitate issue resolution - issues raised that do not
require approval or a decision from the top management, but where action
needs to be taken (included are challenges such as prioritisation of
resources, relocation of funds and resolving conflicts).

This section describes the implementation of the features presented in Section 5.4.1,
which describes the processes involved in viewing the contextual programme
dashboard. To implement the prototype demonstration and evaluation based on this
functionality, Microsoft Visual Studio 2005 was used to integrate Microsoft Project
2003 (along with their respective Pocket-PC versions), the Cywren project
management application, Microsoft Outlook 2003, the WLAN network system (for
data) and GPS technology (for positioning).

PDA or mobile devices with small screens have limitations on the amount of
information that they can present at one time. Reading large amounts of information
from such devices can require large amounts of scrolling and focused concentration.
To reduce distraction, interactions and potential information overload, a better way of
presenting information might be through multilevel or hierarchical mechanisms
(Brewster, 2002) and context-aware computing. For example, the Construction
Programme Manager may not need or want the entire contents of a project issues
file. However, he/she may wish to receive a notification that an issues message is
available for him/her, along with an indication of how important or critical it is. That
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way, the Programme Manager can make their own decision about whether or not to
stop their primary task to access the contents of the issues message relevant to him.
This is shown by the screen capture of the macro and micro dashboards in Figure
6-14 and Figure 6-15.
The contextual programme dashboard is a project portfolio status-reporting tool
based on the user's context. I! provides paper\ess, interactive project status in a
variety of locations: in the office, on the road or at home, based on a selected context
(location, project and task). it is designed for programme managers and project
managers managing multiple projects. Its focus is on the macro factors that affect
project portfolio management, as shown by the screen capture of the macro and
micro contextual programme dashboard in Figure 6-14 and Figure 6-15.

As shown in Figure 6-14 and Figure 6-15, the macro and micro contextual
programme dashboards answer the following project status questions:
• Which projects are performing poorly?
• Which projects require my help?
• Who is the project manager for a particular project?
• What is a particular project's current budget forecast?
•

How many projects have resource problems?

•

Are there any issues that affect multiple projects?

I

I
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~Projects
~Managers

7 Dashboard Status
7 .Planned
1

~Clients

8

On Track

2

ffiOrgs

6

At Risk

2

(J Staff
Ii

1'1

Base
Plan
Actual
1Q071 J3Q01'

Figure 6-14: Macro Contextual Programme Dashboard

All Projects
staff 80
Filter Projects
At Risk 35
~ Resource Issues
Issues SBTCR_
Schedule Risk

0

&

0

Manager

F

Samual A...
Thomas J...

Figure 6-15: Micro Contextual Programme Dashboard
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The following describes the implementation of the use-case presented in Section
5.4.1, which describes the process of managing the contextual project dashboard.
Contextual project management was based on the cyProj application (cyWren
Systems lnc, 2005). lt is designed as a simple viewing tool and will update eight task
data fields, e.g., percent complete, name, planned start and planned finish for tasks
and milestones as shown in Figure 6-16 and Figure 6-17.

Figure 6-16: Macro Contextual Project Dashboard

178

-

~-----·---

---------------

1

~

11)

7

Wll.S l.l.S

Our 'l(d)

'Obtain building permits
WU<rk D(B)

10

0
C3

Resource Ni!me
2 G.C. project ma ... Q
3

G.C. proc:ur@ment

0

Ill

i

View

O{AJ

32(PJ

-t

.JI 6 ss Ja. "tJ .!lH

H

'\i

1
1

•

Figure 6-17: Micro Contextual Project Dashboard

6.4.5

RESOURCE UTILISATION

Programmes have been identified as portfolios of smaller and interdependent
projects. One of the main requirements is to assign priorities to the project for the use
of resources and to assign resources to individual projects on a day-to-day basis, to
enable the selected project to make smooth progress. To meet this requirement, it is
necessary to enhance the application capacity to summarise and provide an
overview of the status of the resources in real-time (Figure 6-18). Figure 6-18 shows
the delivery status of resources (e.g. concrete precast components) at sites which
includes the planned delivery, delayed items, items on sites, items on the delivery
and items used.
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Planned Delivery

§:]

Delay

D
D

on Site
On Delivery

@]

Installed/Used

D

Current Location of the Materials

ti:iri~[~:f~::£l.ii0:§i5
Timber Frames

Figure 6-18: Contextual Resource Utilisation

6.4.6

SERVICES

This section describes the implementation of the potential services and the use-case
described in Section 5.4.2. This use-case describes the process of viewing the News
and Announcements information available for the project team members. The
Loughborough University's News and Announcements website was used to show
how the application can provide a real-time feed of news and announcements from a
server (Figure 6-19).
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September - "IT Servic~;"
<it.9~rvices®lboro.ac.ub

on Thu, 04 Ser<

200815:39:16 +0100

U IT >ervices Llmvailability Wednesday
27 August from 5:15p.m. -"IT ser~ices"
<it .services@\boro. ac. ub on Thu, 21 Aug
200G l4:22:ll +0100

U Help with Mathematics and Statistics
- "C.l.Robinsonrulboro. ac.1Jk:'
<CL.Robinson(olllboro.ac.uk> on Wed, 20
Aug 2008 15:59:02 +0100

The student Amounceme:nt
Notfceboard is for official Universit¥
notic:es only, To submit iln item you
must first bs rsgistered. To regi>teJr,
cont.act W:J!g~~~~~#
Figure 6-19: News and Announcements feed from Loughborough University
server

However, to utilise GPS and WLAN technologies, other commercial and potential
services were also included in the G-alS Services application. Some of the features
was included in the G-alS application by installed part of the software in the PDA and
linked it through programming codes. Figure 6-20 shows the main page for the Ca IS services. The services provided were based on the location context (detected
through GPS positioning). G-alS service dashboard includes access to:
1. GoogleMaps;
2. Local weather information;
3. GPS Photo;
4. GPS short messaging services;
5. GPS location viewer; and
6. Current news and announcement.
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Figure 6-20 : Services Icons

Contextual search using Google Maps

Contextual search is the convergence of three dominant approaches within the major
areas of modern information retrieval (Oistad and Seres, 2005):
1. Intelligent text and data mining, enabling information discovery through
automated concept modelling and exploration of patterns;
2. Flexible

content-structuring

independence and

technologies,

cross-connection

enabling

of content from

XML

schema

structured

and

unstructured sources; and
3. High-performing search technology, enabling scalable and fast contentgathering, processing and retrieval in face of the rapidly expanding volume
and complexity of information.

Therefore, Google Maps have not only just introduced a new way for users to display
and organize search results, but can also (with GPS-enabled) produce results
relevant to the user (based on location context) with mapping features. Figure 6-21
shows the screen capture of the tools from (a) detecting current location, (b)
searching information, (c) results displayed in a map of the user's vicinity and (d)
details of the results. This service should be able to help the user in searching and
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browsing information, especially with the limited screen size and capacity of a mobile
device.

....I
Examples:
piz;za

~ateUite

View [2]

hotel in pec-ria:
seattle, wa
10 main stJ bostonJ ma
OOZlO

,.,,
' 'j

{b)

(a)

Permarock Products Ltd
Fe<tivol Wy
Loughborough, Leicestershire, LE11
5WI

@

G~

tc w~b slt~

"{11509 262 924
Directions t•o here
Dire::tions from here

Send

(c)

9§ tmct

mes;ooe

{d)

Figure 6-21 : Contextual search using Google Maps; (a) detect location; (b)
search; (c) display results; and (d) details of the results

Contextual Weather
Weather plays a critical role in construction projects, affecting everything from safety
issues to the day-to-day running of a building site. Weather information can be used
to improve the operational efficiency of any building site, minimising the disruption
caused by adverse weather conditions and helping decision-making on appropriate
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safety measures to protect the workforce. Figure 6-22 shows a weather feature that
uses location information from the GPS to display weather information and forecasts
for the current location. This saves the user from having to manually set their location
when travelling from one site to another.

Figure 6-22 : Weather information based on current location

SMS Location

SMS Location is a communications service to send construction programme
manager current location (detected through GPS) to another mobile phone user by
using the short message service (Figure 6-23). This service helps other project
members nearby to be aware and able to locate the construction programme
managers at designated location. This features also important in any emergency or
critical situation.

GPS Photo

GPS photo is a feature that saves location and GPS position data to a photo (Figure
6-24). The latitude and longitude recorded by the GPS unit are linked and saved to
the photo. Linking GPS position data to photos relies on the time stamp recorded by
the camera and GPS. A typical GPS continuously records position data (track
points). Depending on the GPS settings, it may record track points every few
seconds or every few minutes. Track points always contain the latitude and
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longitude. Often the time and altitude are recorded as well as other data. Therefore,
the user will always know exactly where a photo was taken and this helps in
preparing site reports for multiple project environments.

>

location:<
I've arri~ed. This is

my

location:

location i s - - - - . ,

x searching .. .

y searching .. .

Figure 6-23 : GPS SMS

6.5

Figure 6-24 : GPS Photo

SUMMARY

This chapter has presented the prototype system that was designed and
implemented to satisfy the system design objectives as identified in Chapter 5. Table
6-3 presents a summary of how the prototype satisfies the design goals.

Table 6-3: How the C-aiS Prototype System Satisfies the Design Goals
No

Design Goal

1

Real-time communication needs
Access to highly specific data on an
as-needed basis.

2

How it was satisfied in the prototype
implementation?

Section 6.4.1 describes the ability of the
.....
application to deliver information and services to
the user based on their profile and location.
Personalised data.
Section 6.4.2 describes the ability of the
application to push project data to the user based
on their preferred context.
Programme and Project Management needs
Real-time programme and project
The prototype describes the ability to provide
management support.
real-time project management support by
enabling the user to view, update and create
tasks for planning, monitoring and controlling
programmes and projects in real-time.
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Design Goal

Macro- and micro-level view of
project information.
Support single and multiple project

Handle data management of all
projects

Visibility of Programme performance
and Project progress.

Resources Utilisation.

3

4

5

How it was satisfied in the prototype
implementation?
Section 6.4.4 describes the ability of the
application to deliver macro- and micro-level
information to the user based on their profile:
Section 6.4.4 describes the ability of the
application to deliver programme and project
information to the user.

Section 6.4.4 and Section 5.3 describes the
ability of the application to deliver programme
and project information to the user based on the
integration with enterprise project management
system ..
Section 6.4.4 describes the ability of the
application to provide visibility of the programme
and projects through the use of the dashboard for
effective governance.
Section 6.4.5 describes the ability of the
application to provide visibility of the project
resources.

Ublquitous Needs
Identification of macro- and micropositioning

Section 6.4.3 and Section 6.4.4 describes the
ability of the application to deliver macro- and
micro-level positioning through the use of GPS
and WLAN.
Ubiquitous intelligent support.
The prototype describes the ability to provide the
user with real-time project information by
intelligent interpretation of their context and
selected context.
Needs related to technology application
Usability of the mobile device.
The prototype application describes the usability
of the mobile device with the ability of the
application to deliver context-specific information
and services to the user based on their context.
This helps in reducinq the information overload.
lnteroperability/lntegration/Scalability The system build is based on an industry
& flexibility.
standard (with the use of Visual Studio 2005)
which can be used to integrate with the enterprise
project management systems available in the
market for future development.
The prototype was built using a user-centred
design philosophy, thereby increasing flexibility__
and sea/ability.
Services
Value added tools.
Section 6.4.6 describes the potential services of a
mobile device with GPS and WLAN technologies.

Table 6-3 shows that most of the features necessary to satisfy the design goals were
satisfied in the prototype. The prototype system developed applies an iterative
approach, therefore any subset of the lifecycle activities can be performed several
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times to better understand the requirements and gradually develop a more robust
system.
The next chapter discusses the evaluation of the prototype system and presents the
results from the prototype evaluation. Evaluation can be made to prove the concept,
to strengthen the user's requirements and to see whether the application can provide
efficient information and services. Results from the evaluation and refined prototype
can be used to help in developing and applying the context-aware information
application to real applications.
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Chapter 7
DEMONSTRATION AND EVALUATION OF THE
PROTOTYPE SYSTEM
This chapter presents the demonstration and evaluation of the context-aware
information system (C-aiS) prototype application that was carried out with
researchers and industry practitioners (Construction programme managers). Two
aspects of the C-aiS prototype application were evaluated: [1] Functional evaluation
and [2] Usability evaluation. The following section presents and discusses both
approaches in terms of the evaluation process, results, discussion and refined
prototypes.

7.1

INTRODUCTION

This chapter describes the evaluation process applied in the study based on the
functional and usability evaluation methods, which focus on user-centred evaluation.
User-centred evaluations are accomplished by identifying representative users,
representative tasks and the development of a procedure for capturing the problems
that users have in trying to apply a particular software product in accomplishing these
tasks (Scholtz, 2004). During the software design/testing/development cycle, two
types of user evaluations are carried out (formative and summative evaluation).
Fonmative evaluations are used to obtain information used in design (discussed in
functional evaluation in Section 7 .2). Summative evaluations are usability evaluations
that document the effectiveness, efficiency and user satisfaction of a product at the
end of the development cycle (the focus in this chapter}. These two types of
evaluation differ in their purpose, the methods used, the formality of the evaluation,
the robustness of the software being evaluated, the measures collected and the
number of participants used.
The outline of this chapter and the evaluation process is shown in Figure 7-1. After
the introduction, the functional and usability evaluation is introduced (in Sections 7.2
and Section 7.3}. Section 7.3 then presents and discusses the results from a pilot
demonstration and evaluation with selected researchers (heuristic evaluation}. This
was then followed by the prototype demonstration and the evaluation with the users.
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Two types of prototype demonstrations and evaluation approaches were conducted:
[1] one-to-one meetings with users in the UK and [2] remote evaluation with the users
in Malaysia. The results are analysed and discussed in Sections 7.4 and 7.5. Finally,
the refined prototype is presented and described in Section 7.6.

FUNCTIONAL EVALUATION

. USABILITY EVALUATION

Prototype Demonstration & Evaluation
One.to·One
,' , ,
PrototypEi Demonstration -&_EvaiU'atiOn

Figure 7-1: Outline Of The Prototype Demonstration and Evaluation Chapter
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Before making a usability evaluation, it is important to make sure that the features of
the prototype work well. This was the aim of the functional evaluation.

7.2

FUNCTIONAL EVALUATION

Functional evaluation of the application took place through the use of a test case. A
test case is a document specifYing inputs, predicted results and a set of execution
conditions for a test item (IEEE Standard 610.12, 1990). A test case in software
engineering is a set of conditions or variables under which a tester will determine
whether an application or software system meets its specifications (Bium, 1992). The
test case covers all the requirements or specifications being tested, the steps
involved and the expected results. The information included in the test case was:
•

Test case ID;

•

Related use case;

•

Description of the test case;

•

Related requirement(s);

•

Test steps or order of execution number; and

•

Results.

The tests are written in order to check whether the application behaves as expected.
In order to fully test that all the requirements of an application are met, one test case
for each requirement was created as shown in Table 7-1. Other test cases for the
other requirements are attached in Appendix 10, Appendix 11 and Appendix 12.
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Table 7-1 : Test Case for User Log in

Login

setup and be

The application window is
application

by displayed.

clicking the "C-aiS"
icon.
on

icks

page

Pass

displayed.·

"Login" button.

User

"Login"

enters Access to the application

username

and

Pass

is granted. Welcome page

password and clicks

is

displayed

with

on "Start" button.

following details: ·

the

username appears in
the greeting text,
current location of the
user is displayed.

Prototype applications were refined iteratively until all the functional evaluations
passed all the test cases (as shown in the Appendix 10, Appendix 11 and Appendix
12), before the preliminary demonstration and usability evaluation sessions were
conducted. This functional evaluation has shown the features that satisfied the
requirements of the applications. However, to understand how this application can be
used in real construction programme management, a usability evaluation is needed.

7.3

USABILITY EVALUATION

The main aims of the C-aiS prototype demonstration are not just to validate the
concept of the research, but also to overcome the usability problems and allow it to
be evaluated interactively by industry practitioners. This concept is, in short, the
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application of macro- and micro-level, context-aware, information and service
delivery for construction programme managers. The objective of the evaluation itself
was to determine how appropriate this concept is to the industry and also how well
the demonstration meets the objectives that the context-aware information system
(C-aiS) application is attempting to fulfil.

Specifically, the objectives for the demonstration and evaluation were to:
• Demonstrate the concept through an interactive system;
• Demonstrate the usefulness and practicality of the C-aiS application in
construction programme management;
• Explore the ease of use of the C-aiS application;
• Identify barriers for implementation of the C-aiS application;
• Address the usability problems of the C-aiS system; and
• Refine the prototype based on the evaluation.

7.3.1

QUESTIONNAIRES AND INTERVIEW DESIGN

Questionnaires are one of the indirect testing techniques designed to assess
usability. They can give valuable feedback from the user's point of view, but they
must satisfy some important requirements. Questionnaires have long been used to
evaluate user interfaces (Root and Draper, 1g83), particularly in electronic form
(Perlman, 1985). Some of the most popular sources of usability questionnaires are
summarised in Table 7-2 (Perlman, 2008); they focus on particular aspects of
website design. The questionnaires were specifically designed to assess aspects of
usability, the validity and/or reliability of which have been established.

Table 7-2 : Typical Usability Questionnaires (adopted from Perlman, 2008)
Acronym

Instrument

Institution

QUIS

Questionnaire for User Interface Satisfaction

Maryland

PUEU

Perceived Usefulness and Ease of Use

IBM

NAU

Nielsen's Attributes of Usability

Bell core

NHE

Nielsen's Heuristic Evaluation

Bellcore

CSUQ

Computer System Usability Questionnaire

IBM

ASQ

After Scenario Questionnaire

IBM

PHUE

Practical Heuristics for Usability Evaluation

osu

PUTQ

Purdue Usability Testing Questionnaire

Purdue

USE

USE Questionnaire

Sapient
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There are other questionnaires, including instruments from the Human Factors
Research Group (HFRG) (Perlman, 2008):
•

SUM I: Software Usability Measurement Inventory;

•

MUM MS: Measurement of Usability of Multi-Media Software; and

•

WAMMI: Website Analysis and Measurement Inventory.

However, in designing a mobile application, the context in which the service or
application will be used should also be considered in the usability evaluation (Love,
2005). Usability evaluation for mobile applications has to face context parameters
such as location, tasks, noise, rain, sunshine and temperature that may influence the
interaction behaviour of the user. The context parameters are defined as the context
of a user (Kim et al., 2002), as discussed in Section 4.3.3 and considered in the
prototype development.

As a result, due to the various contexts and the complex nature of mobile
applications, a combination of questionnaire and interview questions was designed
and conducted. The main issues discussed in the categories of questionnaire and
interview questions are the following:
Questionnaire: Information about the usability evaluation (user-satisfaction

with the interface design), perceived usefulness in construction programme
management, the practicality of the C-aiS application and its perceived ease
of use.
Interview: Information about the main features required in construction

programme management, benefits and limitations of the prototype system
and other factors related to other users' requirements.

Evaluation questionnaires and interviews were based on several models. To evaluate
the usefulness and practicality of the application in construction programme
management, the Technology Acceptance Model (TAM) was adopted. The
Technology Acceptance Model is an information systems theory that models how
users come to accept and use a technology (Davis, 1986). In a later publication,
Davis (1989) also found a significant positive correlation between perceived
usefulness and the predicted future use of the technology. According to him,
perceived usefulness is the degree to which a person believes that using a particular
system would enhance his or her job performance. A system high in perceived
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usefulness, in turn, is one for which a user believes in the existence of a positive
relationship between the user and the system's performance.
Meanwhile, perceived ease of use is the degree to which a person believes that
using a particular system would be free of effort. Effort is a finite resource that a
person may allocate to the various activities for which he or she is responsible. Thus,
an application perceived to be easier to use than another is more likely to be
accepted by users. The interview questions were designed to gather more
information to meet the users' requirements captured in the user studies (Section
5.2). The interview questions were also designed to explore the extent to which the
context-aware computing concept is acceptable to the users. This was evaluated
through questionnaires about perceived usefulness suggested by Davis (1989),
perceived ease of use and user acceptance of information technology.

7.3.2

CHOICE OF EVALUATOR

Conducting user testing is somewhat challenging. First, as potential users,
construction programme managers managing multiple projects had to be identified
and invited to take part in the evaluation. To find construction programme managers
is difficult. and when found, he or she is normally a busy person (due to their
professional commitments). Secondly, the same users that are involved in various
stages of the user requirement studies need to be contacted. The construction
industry involves people working in a dynamic, competitive and ever-changing
environment (Loosemore et al., 2003). Project staff move from project to project.
People change company, place and portfolio rapidly. Out of eight construction
programme managers interviewed in the earlier user-requirement studies, only four
were available to participate in the evaluation of the developed prototype. Table 7-3
shows the respondents that were involved in the user requirement studies and the
prototype evaluation.
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Table 7-3 : Table Showing the Construction Programme Managers that
Participated in the User Requirement Studies and Prototype Evaluation
No

Preliminary

Detailed

Prototype

Interview

Interview

Evaluation

Demonstration

&

Construction Programme Managers in the UK
R001

X

X

R002

X

X

R003

X

R004

X

X
X

R005

X

R006

X

R007

X

R008

X

.

Construction Programme Managers in Malaysia
R009

X

X

R010

X

X

R011

X

X

X

R012

X

X

X

X

R013

X

R014

X

Evaluators were selected on the basis that they were construction programme
managers and managing multiple projects. Firstly, invitations were sent to all
construction programme managers involved in the preliminary and detailed userrequirement studies in the UK and Malaysia. Then, the invitations were also made to
other construction programme managers. Finally, an invitation was also advertised in
the Construction Information Quarterly Journal (Fathi, 2008) (which is read by several
thousand construction professionals) allowing interested practitioners or construction
programme managers to contact the author for participation in the prototype
demonstration and evaluation. As a result, fourteen construction programme
managers agreed to be involved in the research project (user requirement studies)
and nine of them were willing to participate in the prototype demonstration and
evaluation (four from the UK and five from Malaysia) as shown in Table 7-3.
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7.3.2.1 EVALUATORS' BACKGROUND
Four out of nine construction programme managers that participated in the evaluation
were amongst those interviewed in the preliminary and detailed user studies. All were
experienced construction programme managers with five or more years of
experience in construction management. Four construction programme managers
were based in the United Kingdom and the others in Malaysia. All construction
programme managers had experience of or were currently managing a programme
or multiple projects, although only one construction programme manager in the UK
classified himself as a domain expert.

A majority of the evaluators (6 out of 9) described themselves as novices and were
still learning in terms of their experience with mobile computing (Figure 7-2). The
remainder (3 out of 9) described themselves as having some experience with mobile
computing (through their involvement in using a mobile device at construction sites).

Experience in Mobile Corrputing

No experience at aU N::wice/sti\1 learning

1-iave sorre
experience

Very experienced

Experience

Figure 7-2

Construction Programme Managers' Experience in Mobile

Computing
When asked about the functions that they used most used, almost all construction
programme managers mentioned the calendar, contacts, to-do-lists, appointments
and short messaging services (SMS) (Figure 7-3). Based on the interviews and
discussion with them, these functions were used in their daily management activities
for personal information management, collaboration and communication with their
staff. In other words, this shows that the construction programme managers involved
in the demonstration and evaluation session have some experience in using selected
management and communication tools in mobile devices. This helped to speed up
the evaluation process due to the construction programme managers being able to
operate and used the PDA easily and effectively.
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Functions Frequently Used

Project Data Other
4%

Calendar

To-do-list
14%
SatNav

4%

Contacts
16%

Figure 7-3 : Functions Frequently Used by Construction Programme Managers
in Current Mobile Devices

7.3.3

PILOT DEMONSTRATION AND EVALUATION

A pilot demonstration and evaluation was conducted to: [1] demonstrate the
prototype effectively; [2] evaluate what the effects on the techniques and approaches
used for the demonstration and evaluation are; (3] conduct a heuristic evaluation
(identify usability problems in the user interface

d~sign);

and [4] detect any flaws in

the application (in demonstrating an interactive prototype) before showing it to the
real users.

The earlier the stage at which critical design flaws are detected, the greater the
chance that they can be corrected (Holzinger, 2005). Therefore, to help identify the
usability problems and technical approaches the pilot demonstration and evaluation
was conducted with selected researchers at Loughborough University, as shown in
Figure 7-4. Five researchers, with backgrounds in IT construction research were
asked to test the full range of C-aiS functionality for a period of approximately two
hours. Researchers were guided and asked to use all the functionality available in
the C-aiS application, answer a user interface satisfaction questionnaire and then
take part in an interview in which they were asked to critique the system. Figure 7-4
shows the presentation (for guidance) and interactive activity (to explore the
functionality of the application) of the pilot demonstration and evaluation. Details of
the user interface satisfaction are discussed in the following results section.
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Figure 7-4 : Pilot Demonstration and Evaluation Session

Based on the pilot demonstration and evaluation, the usability evaluation results and
analysis are discussed in the following section.

7.3.3.1 USABILITY EVALUATION RESULTS

The researchers were asked to give a rating, using a 1 to 5 Likert Scale, with 1 for
the most dissatisfied and 5 for the most satisfied. Table 7-4 shows the average
scores for each category. The five main categories in the usability evaluation
completed by each evaluator were:
1. Overall Reaction to the C-aiS Application.
2. Graphical User Interface or Screen Design.
3. Terminology and System Information.
4. Learning.
5. System Capabilities.

it was important to note that this usability questionnaire was based on the
Questionnaire for User Interface Satisfaction (QUIS) developed by Chin et al. (1998).
The reliability of the questionnaire was high, with Cronbach's alpha (a) = 0.94.
Cronbach's a is a coefficient of consistency and measures how well a set of variables
or items measures a single, unidimensionallatent construct (Alien and Yen, 2001 ).
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Table 7-4: User Interface Satisfaction

D

Overall Reaction to the C-aiS Application

D1

C-aiS Application Design

4.0

D2

Navigating or Browsing Information

4.4

D3

Information & Services Provided

4.0

D4

PDA Speed

3.8

D5

The G-alS Dashboard

4.0

D6

Browsing of Information

3.6

E

Graphical User Interface or Screen Design

E1

Reading Characters on the Screen

4.0

E2

Highlighting Simplifies Task

4.2

E3

Organization of Information

3.6

E4

Sequence of Screens

3.8

F

Terminology and System Information

F1

Use of Terms Throughout the System

3.8

F2

Terminology Related to Task

4.0

F3

Position of Messages on Screen

4.0

F4

Prompts for Input

3.8

F5

Error Messages

3.4

G

Learning

G1

Learning to Operate the System

4.2

G2

Exploring New Features by Trial and Error

4.0

G3

Remembering Names and Use of Commands

3.4

G4

Performing Tasks is Straightforward

4.0

G5

Help Messages on The Screen

3.8

G6

Supplemental Reference Materials

3.6

H2

System Capabilities

H1

System Speed

3.8

H2

System Reliability

3.8

H3

System Tends to be Noisy I Quiet

3.8

H4

Correcting Your Mistakes

3.6

H5

Designed for all Levels Of Users

4.0

Average

Average

Average

Average

Average
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Firstly, for the overall reaction to the C-aiS application (themes number 01 to 06) in
Table 7-4, the average score was between 3.6·and 4.4. These were positive results
and showed that the researchers were satisfied with the design of the application.

Next, for the evaluation of the graphical user interface of the C-aiS application
(themes number E1 to E4) in Table 7-4, the average score was between 3.6 and 4.2.
Again, these were positive results, and showed that the graphical user interface of
this prototype C-aiS application had been successfully designed. This was expected
because the prototype was developed based on Microsoft Windows Mobile platform.

The researchers also found that the terminology and system information (themes
number F1 to F5) used were consistent and always related to the tasks in
programme management (average score was between 3.6 and 4.2). In spite of the
fact that there are a limited number of help screens and no reference manual
(themes number G5 and G6), the evaluators found that the C-aiS application was
easy to learn (themes number G1 to G4), either by trial and error or by performing
straightforward tasks. All these were positive results (average score was between 3.4
and 4.2), and showed that this prototype had been successfully designed and
addressed the needs of the user.

Finally, at the end of the pilot evaluation, the participants were interviewed and asked
to give their opinion and suggestions to improve: [1] the prototype application; and [2]
the approach to conducting the demonstration and evaluation session.

7.3.3.21MPROVEMENT FOR PROTOTYPE APPLICATION

The pilot demonstration and evaluation revealed a number of problems with the
prototype system and the suggestions given are highlighted in Table 7-5.
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Table 7-5: Problems with The Pilot Prototype Application
No

Problems

Comments

1.

Although the content and information
was different, the welcome screen
should clearly show the differences
between the construction programme
managers' and project managers'
welcome screens.

2.

Error button and help screen were
not available in the prototype.

3.

Some functions related to server
system and positioning technology
did not work smoothly in the pilot
demonstration and evaluation.

4.

The evaluator should be given some
notion of how much information is
still to be viewed on a particular topic
and how much remains unseen.

5.

The evaluator should be informed of
how many services are available and
what they are used for.
The
different
navigation
requirements between the mobile
operating system and a PC/Iaptop
operating system can be confusing
to the first-time mobile users.

This was fixed for the prototype used
in the demonstration with the
construction programme managers. A
new welcome screen design was
included, so that the application was
able to show a different screen,
information and services on login by
construction programme managers or
project managers.
This was included and shown for the
prototype used in the demonstration
with the construction programme
manaQers.
Some functions (such as uploading
documents from the server) did not
work smoothly with
positioning
technology. The problems were
overcome by simulating the function
for the prototype used in the
demonstration with the construction
programme managers.
The author let the user explore the
application to identify the usability
problems and how easily the
construction programme managers
can find the information or services
that they need.
Brief descriptions about the services
in . the
available
were
given
presentation.
This was solved through explanation
and designing a 'close' button at the
top right hand corner of the mobile
device screen, which could also be
used to navigate to the previous
screen.

6.

Based on the suggestions given in Table 7-5, improvements were made to the
prototype before proceeding with the demonstration and evaluation with the
construction programme managers. One major constraining factor was identified and
considered, namely, the availability of the mobile device itself. Only one GPS and
WLAN-based PDA was available for demonstration and evaluation purposes.

7.3.3.31MPROVEMENT OF EVALUATION TECHNIQUE

Apart from the usability problems, other factors related to the approach of an
interactive

demonstration

and

evaluation

were

also

identified.

The

pilot

demonstration and evaluation was also able to help in gathering feedback about the
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appropriate techniques for demonstration and evaluation with the construction
programme managers. Based on the pilot demonstration and evaluation, the
techniques and approaches for an interactive prototype demonstration and
evaluation with the construction programme managers were revised as stated in
Table 7-6.

Table 7-6: Problems with The Pilot Evaluation
No

1.

2.

3.

4.

5.

6.

Comments
PowerPoint presentations were updated
and reorganised based on comments
brief
and
definition
given
(e.g.
context-aware
explanation
about
programme
and
computing
manaaement).
Limited time used for interactive The concept video presentation was left
out to free-up time for an interactive
demonstration.
demonstration and evaluation.
Evaluators were excited with the Brief explanations were given to show all
new technology and got carried the main functions available that relate to
cost, time and the issues and resources
away with the services provided.
needed by the construction programme
construction
managers.
Thus
the
programme managers could identify any
m1ssJng functions or improvements
needed for the application to become a
useful tool for them.
related
Programme
with
Much time was spent in trying out Tasks
the services and not all the Management were given, so that
functions in the project and construction programme managers were
programme management tools able to search and browse the
information
and
in
the
services
were explored.
application independently and give
feedback about the aoolication.
The evaluators have to share Due to hardware constraints and to get
feedback,
one-to-one
a
mobile device to explore the better
demonstration was used for the
application and try the services.
demonstration of the prototype to the
construction oroaramme manaaers.
not Jargon words and technical terms in the
evaluators
did
Some
used, presentation were left out or simplified for
understand
the
terms
easier understanding by the construction
especially some technical terms.
oroaramme manaaers.
Problems
Lack of background information.

Finally, these improvements have produced a more structured demonstration and
given the researcher's valuable evaluation through the quality feedback from the
evaluators (specific to their requirements in programme management). The following
section presents and discusses the results of the prototype demonstration and
evaluation by construction programme managers.
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Based on the feedback gathered from the pilot demonstration, it was decided that a
prototype demonstration and evaluation with the construction programme managers
should be conducted using a one-to-one approach.

7.3.4

ONE-TO-ONE DEMONSTRATION AND EVALUATION

User evaluation is very time-consuming. The users have to familiarise themselves
with the application before conducting the test. The time needed for the training also
varies from one participant to another, as each individual has a different ability to
absorb and learn new information. The prototype was only available on a single
mobile device, thus the demonstration and evaluation session with the construction
programme managers had to be conducted in a one-to-one session, rather than in a
group. This allowed the researcher to demonstrate the application and let the user
become accustomed to using the application and to provide detailed feedback.

A challenge faced was the testing of the prototype in a real interactive environment.
As the prototype needs to configure the wireless local area network (WLAN) system,
it may violate the IT networking policy of some organisations. Most organisations are
reluctant to allow this. Furthermore, the limited access or availability of the WLAN at
the construction sites or their project office creates a barrier for an interactive
demonstration at the construction programme managers' base. Thus, this required
the construction programme manager to come to Loughborough University for the
demonstration and evaluation.

The demonstration and evaluation were conducted in the meeting room (for con.cept
presentation, evaluation and interview) and in a car park (for interactive prototype
demonstration). The subjects/users were all construction programme managers from
leading construction companies in the United Kingdom. A total of 5 users have
participated in the one-to-one demonstration and evaluation. The total one-to-one
demonstration and evaluation was limited to around two hours, with almost half an
hour each for presentation, demonstration, evaluation and interviewing. This has
proved in practice to be almost the maximum acceptable time for one subject being
willing to participate in a session (Ghaoui, 2006, Gucciardi et al., 2007). All the
questionnaires

were

completed

by the

construction

programme

managers

immediately after the demonstration. The interview session at the end of the
evaluation always involved a discussion. Thus, valuable feedback for the
improvement of the prototype application was provided.
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7.3.5

ONE· TO-ONE REMOTE DEMONSTRATION AND EVALUATION

This research also involved construction programme managers in Malaysia. To
overcome the cost and difficulty of travelling to Malaysia, web-based conferencing
technology was used in the remote demonstration and evaluation of the prototype
system. Levine (1995) discussed and presented the idea of taking advantage of new
technology in education ..

Figure 7·5 : Remote Demonstration and Evaluation Session

Communication and interaction between presenter and evaluator was conducted
through Microsoft Live Meeting communication tools (tele-conference or videoconference) as shown in Figure 7-5. However, for those without a microphone and
webcam, a combination of Microsoft Live Meeting with a normal phone conversation
was used. The results and analysis of the remote prototype demonstration and
evaluation are discussed in the following sections.

7.4

DEMONSTRATION AND EVALUATION RESULTS

The construction programme managers were guided and asked to use all the
functionality available in the C-aiS system. However, the tasks given were only
related to programme and project management. They were then asked to answer a
questionnaire and were then interviewed and asked to criticise the system. The
questionnaires were divided into several categories as listed below:
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1. Perceived

usefulness

of the

-- ·------------

application

in

construction

programme

management;
2. Practicality of the application in construction programme management;
3. Practicality of the services provided in the application;
4. Perceived ease of use of the application; and
5. Benefits and limitation of the prototype application.

The questionnaires were specifically designed based

on Perlman's (2008)

recommendations namely: to assess aspects of usability, the validity and/or reliability
of which have been established. The construction programme managers were asked
to give a rating, using a 1 to 5 Likert Scale, with 1 for the most unlikely (or strongly
disagree), and 5 for the most likely (or strongly agree).

Based on the results, features or functions that are required in the application and the
barriers to the implementation of the application in construction programme
management have been identified and are discussed in the following sections.

7.4.1

PERCEIVED

USEFULNESS

IN

CONSTRUCTION

PROGRAMME

MANAGEMENT
As shown in Table 7-7, there was a general consensus amongst construction
programme managers in the UK and Malaysia that the mobile, context-aware,
information system application would enable them to accomplish their task more
quickly (A 1, average score of 4.0). Many of them also agree that the system would
improve their job performance, productivity and efficiency (A2 to A5, average scores
between 3.5 and 4.2). Based on the interview and feedback from the construction
programme managers, it was found that the application would be able to improve the
efficiency, effectiveness and performance of the construction programme managers
in their daily activities because of the real-time features, the mobility of the devices
and the specific information and services provided by the application.
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Table 7·7 : Perceived
Programme Management

Usefulness of the Application in Construction
.

In · Construction

A

Usefulness
Perceived
Programme Management

A1

Using the system in my job would enable me to
accomplish tasks more quickly.

A2

Using the system
performance.

Average
(UK)

Average
(Malaysia)

4

4

my job

3.5

4

A3

Using the system in my job would increase my
productivity.

3.75

4.2

A4

Using the system would
effectiveness on the job.

my

3.5

4

A5

Using the system would make it easier to do my
job.

3.5

4

A6

I would find the system would be useful in my
current job.

3.25

4.6

A?

I would find the services provided in the system
managing
construction
useful
in
programmes/proiects.

4.25

4.8

would

improve

enhance

However, there were rather different opinions between construction programme
managers in the UK and Malaysia on how they find the system would be useful in
. their current job. Almost all the construction programme managers in the UK agree
that the system would be useful in their current job (A6, average score of 3.25).
Based on the follow-up interview, it was found that one of the construction
programme managers neither agreed nor disagreed that the system would be useful
in his current job, because he is involved with a programme that deals with land
acquisitions and some of the features important to him are not available in the
system. According to him, it would be useful if additional features such as information
on the status of the land acquisition were included in the system. However, there was
a general consensus and strong agreement amongst construction programme
managers in Malaysia that the system would be useful in their current jobs (A6,
average score of 4.6),

All construction programme managers in the UK and Malaysia 'strongly agree' that
the services provided in the system would be useful in managing construction
programmes/projects (A7, average score between 4.25 and 4.8}. Based on the
feedback from both groups of construction programme managers, a number of
benefits of the prototype application were identified by the construction programme
managers as being in the area of project monitoring and control. They suggest that
the benefits of the prototype application depended not just on mobility but also on the
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programme management tools (such as the programme dashboard) inside the
application that increases the visibility of the project performance or status. Thus,
they can make more informed decisions.

7.4.2

PRACTICALITY OF THE C-aiS SYSTEM

Since practicality is important for the widespread use of a mobile programme
management application, it was important to discuss the features and convenience of
the mobile system. Table 7-8 shows the overall result ratings from the evaluators on
the practicality of the C-aiS application.

The evaluation results show that the majority of the evaluators in the UK and
Malaysia (eight out of nine) 'strongly agree' and 'agree' that the prototype application
has shown the main features required in managing multiple projects (81, average
between 3.5 and 4.2). One construction programme manager disagreed that the
prototype application has shown the main features required in managing multiple
projects. According to him, the prototype application should also include a 'traffic
light' concept for cost, resource and schedule performance. Because it was important
for analysing and collectively managing a group of projects based on numerous key
characteristics, he also suggested that a simple pie chart on which users would be
able to click each section for details would be useful. This was considered in the
refined prototype and presented in the next section.
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Table 7-8 : Practicality of the System for Construction Programme Management

B

C-aiS
Practicality Of The
Programme Management .

81

Do you agree that the prototype application has
shown the main features you require in managing
multiple projects?
I am comfortable with the idea of using a mobile
device to access programme/project information
and services.
I am comfortable with the idea of providing
programme/project information and services based
on the context of activities/tasks.
I am comfortable with the idea of providing
programme/project information and services based
on the context and location.
The system provides flexible information flows and
well-informed
decisionfacilitates top-down,
making.
I believe such a system has the potential to offer
tangible benefits (such as time and cost reduction
in getting and receiving information and services) in
construction manaqement.
I think there is a need for such a system in
construction management.
Do you agree that the potential services included in
the application are required in managing
construction programmes?
I think implementation of such a system in
construction management faces major barriers (in
this case, if you aqree, kindly specify the barriers).

82

83

84

85

86

87
88

89

System

For

Average
(UK)

Average
(Malaysia)

3.5

4.2

4.25

4.8

3.5

4.2

3

4.2

3.5

4

3.75

4.4

3.75

3.8

4

4.4

4

3.6

The highest level of average agreement in question 82 (average score between 4.25
and 4.8) from both construction programme managers in the UK and Malaysia shows
that all construction programme managers are comfortable with the idea of using a
mobile device to access programme and project information and services. Thus, it
indicate that the concept of using a mobile device application in programme
management could be well-accepted by the main target users.

Meanwhile, there were mixed reactions amongst construction programme managers
in the UK when they were asked whether they were comfortable with the idea of
providing programme and project information and services based on the context of
activities or task (83, average score of 3.5) and location (84, average score of 3.0).
This situation is due to some construction programme managers in the UK who look
at different perspectives. These range from their belief that their multiple tasks, roles
and global project location will result in complications for the application and
infrastructure. They argue that the application will be giving the right information at a
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certain time and place, but when they required past project information and are out of
coverage, the system would not be able to provide it effectively and they would be
left without any information relevant at that particular context. However, by linking the
application with an enterprise project management system, web services and
alternative networks, such as 3G, it is expected that both issues will be overcome.

Meanwhile, the majority of the construction programme managers in Malaysia
'strongly agree' or 'agree' with the idea of providing programme or project information
based on their context (83 and 84, average scores of 4.0 and 4.2). lt was interesting
to note that the construction programme managers realised the limitation of the small
screen display of the PDA and the huge amount of information available or needed
for multiple projects. The convenience of mobile computing and its ability to filter
project information based on the context are the most important benefits of this
mobile prototype application. According to the construction programme managers, it
helps in overcoming the information overload. The fair level of agreement suggests·
that the construction programme managers in the UK and Malaysia recognise the
need for a mobile context-aware information system.

However, there were mixed responses when the evaluators from the UK and
Malaysia were asked if the prototype application provided flexible information flows
and facilitated top-down, well-informed, decision-making (85, average score between
3.5 and 4.0). This may be due to the construction programme managers not
exploring all the programme and project management features available in the
prototype applications. Although efforts have been made to make sure that the
project and programme management functions adhere to the standard (Project
Management Institute, 2006) and guidelines (Office of Government Commerce,
2003), some of the features were to be found in different locations or included in
different pages from the desktop project management system currently used in their
organisations.

As can be seen in Table 7-B, there was a good agreement amongst construction
programme managers in the UK (86, average score of 3. 75), and high agreement
amongst construction programme managers in Malaysia (86, average score of 4.4),
that the concept of the prototype, context-specific, mobile information system has the
potential to offer tangible benefits (such as time and cost reduction in getting and
receiving information and services) in construction management. However, there are
mixed responses about the need for such a system in construction management
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(87, average score between 3.75 and 3.8). Some of the project managers were
concerned about the return on investment (ROI) and the technical aspects of
applying these technologies in construction programme management. This will be
discussed later in the next section.

The majority of the construction programme managers (seven out of nine) strongly
agreed that the potential services included in the application are required in
managing a construction programme (88, with high average scores of 4.0 and 4.4
respectively). However, two construction programme managers neither agreed nor
disagreed. Certainly, the number and types of services would probably be increased
and be more specific if they had been based on a real project. The overall feedback
was on the positive side in which the responses given for the services included in the
prototype were:
1. lt was a very good service for an application that utilised GPS.
2. lt was a good approach to use popular applications/services such as Google
Search, GoogleMap, etc. in the prototype application. These would be able to
create interest and help the user to use the application in his daily activities.
3. The evaluators also suggest that the application could be further improved by
integrating it with project procurement, contractors' and suppliers' systems.
4. The evaluators were satisfied with the services and applications that utilised
new technology.
5. The evaluators agree that local weather information is important for activities
such as piling or panel installation.

In spite of the fact that they liked the system, the construction programme managers
were also concerned about its security if free access to Internet connections was
allowed. The construction programme managers also gave several suggestions on
additional services that might be important in project and programme management.
These were:
1. A note-making facility for operatives to record data for later use.
2. An accidents status dashboard showing the status, statistics or information
related to accidents or incidents at sites.
3. Subscription services to other information databases (e.g. Building Regulation
online).
4. Future

potential

for

GPS

&

WLAN

location-tracking

(e.g.

defects/snagging/maintenance).
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5. Commercial and financial management reporting (e.g. current status of
project based on expenditure to date).
6. · Location/geographic awareness focused on the needs of the key user group
(e.g. "commissioning engineers" who move from project to project frequently
as part of their duties).
7. Features for the management of the construction or maintenance works of
linear assets (e.g. pipelines, railways, motorways and rivers).

Finally, Table 7-8 also showed that the majority of the construction programme
managers in the UK and Malaysia 'agreed' that the implementation of such a system
in construction management faces major barriers (89, average scores of 4.0 and
3.6). A discussion of these barriers is presented in Section 7.5.5.

7.4.3

PERCEIVED EASE OF USE

Based on Table 7-9 and feedback from the UK construction programme managers,
the prototype system under test was found to be user-friendly. This is shown through
a very high average score of between 4.25 and 4. 75. lt was interesting to note that
· not all construction programme managers are experts with vast experience of mobile
computing, but they managed to use the application successfully.

Although Malaysian construction programme managers evaluated the prototype
remotely, they also found that the application was user-friendly (average score of
between 3.8 and 4.2). lt is important to note that the lowest average score of 3.8 for
question C2 was only because one of the construction programme managers in
Malaysia had difficulties navigating the application remotely due to the lag in the
network system in his office.

lt was observed that during the demonstration and evaluation session with
construction programme managers in the UK, they were interested in the easy-touse, graphical user-interface (C1, average score of 4.5) of the prototype application;
the use of icons for navigation (C2, average score of 4.25) and the use of standard
project management terms which makes the interaction with the system clear and
understandable (C3, average score of 4.25). Although conducted remotely, high
average scores were also recorded from construction programme managers in
Malaysia (an average score between 3.8 and 4.2).
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Construction programme managers in both the UK and Malaysia also found that the
prototype application was flexible to interact with (C4, average scores of 4.5 and 4.0)
and that it was easy for them to become skilful (C5, average scores of 4.5 and 4.2);
this may be due to the use of a page structure design with which they were familiar.
The page structure applies the terms and work breakdown structure approach used
in other project management software (such as Microsoft Project and Primavera).

Table 7-9 : Perceived Ease of Use of the C-aiS Application

c

Perceived Ease of Use of the C-aiS Application

Average
(UK)

Average
(Malaysia)

C1

Learning to operate the system would be easy for
me.

4.5

4.2

C2

I would find it easy to get the system to do what I
want it to do.

4.25

3.8

C3

My interaction with the system would be clear and
understandable.

4.25

4

C4

I would find the system to be flexible to interact
with.

4.25

4

C5

lt would be easy for me to become skilful at using
the system.

4.5

4.2

C6

I would find the system easy to use.

4.75

4

Overall, all the construction programme managers found that the system was easy to
use (C6, average scores of 4.75 and 4.0), which shows that the application was not
just designed to be user-friendly, but also that it was based on the widely-used
industry standards for mobile applications.

7.5

DISCUSSION

As outlined earlier, the prototype demonstration and evaluation process consisted of
the development of an interactive prototype and its subsequent assessment through
demonstration, questionnaires and interviews. The reasoning behind the selection of
this process has been discussed earlier. This section will discuss and assess how
successful this evaluation process has been in the light of the results achieved.

The demonstration and evaluation session allowed users to explore mobile, contextaware applications, and they took a keen interest in the presented concepts. The
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prototype demonstration and evaluation sessions were useful in highlighting areas of
knowledge missing from the system that could be the subject of future development;
areas of the system which are not being used (covered) and whether the knowledge
is consistent with the experts (Anumba and Scott, 2001). Generally, there was
positive feedback from evaluators about the prototype application's relevance to the
construction industry needs and in particular the needs of construction programme
managers.

7.5.1

USER REQUIREMENTS

lt was interesting to note that when the construction programme managers were
asked about the positive feedback on the application, a significant number claimed to
be impressed and satisfied with the understanding of programme management
demonstrated in the prototype application. Thus, it shows that, although programme
management is still a new approach, the prototype application has been successfully
developed based on the current industry standard in programme management. The
user feedback also validates the user requirements presented in Chapter 5 (Section
5.2.1).

The prototype application also served as a technology demonstrator, that helped the
end-user (construction programme managers) to identify and discover needs and
additional features or functions that they may not have thought about earlier. Some
additional needs and features required in programme management were suggested
by the construction programme managers as being suitable for inclusion in a future
application:
1. Activity punching listing - a punch list organises and states those details
which remain incomplete, broken, lacking parts or requiring a review;
2. Note making - a note-making facility for the users or operatives to record data
for later use;
3. Health and safety dashboard - health and safety issues, including safety
performance and statistics;
4. Permit status - information about the third party management and permits;
5. Quality status dashboard - information on quality management;
6. Customisation of the dashboard function; and
7. Current change order or variation order status.

Several other potential applications were also identified and suggested by the
construction programme managers. They were:
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1. Future applications should also focus on the needs of other key user groups
(e.g. commissioning engineers) who move from project to project frequently
as part of their duties, so that they can interact with project information in realtime; and
2. The application has a potential for the management of linear assets (e.g.
pipelines, motorways, railways and rivers) because GPS-enabled applications
are able to detect the location of the assets, while context-aware technology
is able to provide specific information and services related with the assets.

7.5.2

BENEFITS AND LIMITATIONS OF THE PROTOTYPE APPLICATION

Through the demonstration and evaluation session, the construction programme
managers identified several benefits of the prototype application and gave very
positive feedback, these include:
1. Portability and mobility of the prototype application -fast, easy and real-time
access for information and services;
2. Faster to update the stakeholders -review and change information anywhere
and anytime;
3. More time to focus on core competencies and priorities - reduced data entry
enables construction programme managers to focus on the strategic issues
rather than using valuable time to input project information; ·
4. Context-aware - the information provided was specific to the roles of the
users and informed decisions can be made;
5. Contextual search - information and services can be found easily and always
relate with the current location of the users;
6. Efficient project monitoring and control - project management information that
covers all activities related with project planning and control;
7. User-friendly programme monitoring and control- a programme management

I

dashboard that provides visibility for the performance and status of the
projects will lead to better governance;

I

8. Better programme outcome - greater efficiency, accuracy and collaboration
through a mobile and integrated system will lead to improved outcomes;
9. PDA size - the size of the PDA is small enough to be carried around the

I

I

construction site;
10. Reduction or elimination of errors - rather than rely on memory, notes or

I

phone calls, users can capture project details when they happen, enter that
information into their mobile devices and easily transfer the updates to the
project server;

I

I

I
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11. Integrated and new technologies - integrated capabilities with the use of
various new technologies including GPS, WLAN and mobile devices; and
12. Practical services -

introduction of location-based services such as

GoogleMap, local weather and GPS photo to assist project and programme
management.

However, there were a some limitations and drawbacks of the prototype application
system highlighted by the construction programme managers during the interviews.
These are presented in Table 7-10 as follows:

Table 7-10 : Limitations and drawbacks of the prototype application system
No

1.
2.

Problems
Cluttered screen . too much
information put or crammed onto one
PDA screen.
e-mail for project update and review •
although according to one of the
construction programme managers,
e-mail is becoming a poor medium
for project communication and
unmanageable, other construction
programme managers suggested the
use of email for project update and
review.

3.

Risk-mitigation dashboard - an
assessment shows that certain
activities have unacceptably high
levels of risk to programme
management and that some action to
counter this is needed.

4.

Access to office facilities - it would
be better to be able to access office
facilities directly (e.g. wireless
printinq).
Note-making function

5.

Comments
Thus it needs to be simplified with a
drill down capacity being added.

Sending an em ail to update and
review projects would be a medium
that could still offer multimedia
capabilities. E-mail can have pictures,
video and sound attached, while short
text messages (SMS) would not be
able to provide these features.
Therefore,
these features were
needed and included in the refined
prototype application.
A risk-mitigation dashboard feature
needs to be designed and included to
make sure that the user could make
an assessment of certain programme
management activities that might
have unacceptably high levels of risk
and where it is necessary to take
some action to counter this. This
additional feature may be able to
reduce the probability of the risk
affecting the programme and limit the
impact of the risk if it does occur.
However, the field is huge and out of
scope of this research. Further
detailed research is needed.
This is a technical issue. With the
availability of wireless printers, this
feature will become available in future
research.
Note-making features will allow the
user or operative to record data for
later use without affecting the project
data. This value-added feature is
included in the refined prototype.
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7.5.3

INTERACTIVE REMOTE DEMONSTRATION AND EVALUATION

One of the main reasons for, and a major advantage of, remote demonstration and
evaluation is that the prototype application can be evaluated without the constraints
of time and location, which is very important for any research studies with limited
resources (cost, researchers and time) and which involve samples from different
places or countries. Construction programme managers in Malaysia were able to
evaluate a prototype in the UK (or at any place in the world with an interne!
connection) at any time and place that is convenient for them. However, there are
some drawbacks to remote demonstration and evaluation. The control of a mobile
application installed in a mobile device is very similar to that of a desktop emulator.

Firstly, some Malaysian construction programme managers may believe that the
PDA with which they are interacting is really just another computer screen, rather
than a mobile application.

Furthermore, there are several differences between

desktop and mobile environments, especially as far as the experience of browsing is
concerned (Shrestha, 2007). So, there are challenges when attempting to replicate a
desktop environment on a handheld device. Secondly, the input and control methods
will not be realistic as the user may use the mouse and the keyboard to interact with
the application (whereas a stylus is normally used for input and navigation on a
mobile device).

it may not be possible to achieve exactly the same user experience on two different
devices but the problems can definitely be reduced. it is very important to give users
a feeling of control over the application through interactive and real-time services.
However, there was a positive feedback from construction programme managers in
Malaysia about the use of an interactive remote demonstration and evaluation. The
construction programme managers in Malaysia were satisfied that the interactive
remote demonstration and evaluation had achieved its objectives.

7.5.4

POTENTIAL BARRIERS FOR FUTURE IMPLEMENTATION

Based on the questionnaires and interviews with construction programme managers
in the UK and Malaysia, several major barriers to the implementation of such a
system in construction management have been identified. These barriers are in
terms of return on investment, implementation cost, data privacy and security issues,
competition from other technologies, technology adoption barriers, technical issues
and network infrastructure. Their main concerns are discussed in detail in Table 7-11.
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Table 7-11 : Evaluators' Feedback on Potential Barriers in Future Implementation
No
1.

2.

3

4.

Evaluators' Feedback
Comments
Return on Investment
For the uptake of this kind of system by any
Return on investment was identified as a major hurdle in the uptake of the organisation, it is important to show the return on
system. it was pointed out that identifying the 'savings' it produces compared to investment (RO\) the company could make by applying
existing methods is very important for the acceptance of the system by this concept. Although the construction programme
managers strongly agreed with the advantages of the
industry.
tools, they suggest that future research should also
include research from the financial and business
perspectives. However, addressing specific RO\ issues
is beyond the scope of this work.
Implementation Cost
For a general uptake of this kind of system by the
Various implementation cost barriers were identified during the evaluation construction industry, it is important that the advantages
process. it was pointed out that implementing the system would be expensive far out-weigh the costs. However, addressing specific
when consultancy, training, hardware, software and other implementation costs cost-related issues is beyond the scope of this work.
are included. Details of the cost barriers were:
• Costs of giving many staff PDA's;
• Cost of resources or people to administer and maintain data;
• Cost to adopt the new technology and integrated approaches, specifically
for small and medium-sized companies;
• High consultation cost to design and develop new technology with fully
integrated capability; and
• Cost of training in using and maintaining the systems.
Data Privacy and Security Issues
it is very important to address the data privacy and
The major concern of the construction programme managers in data privacy security issues in future research because some
and security was a loss of data (caused by accidental erasure or a virus), organisations are reluctant to share some data with
viewing or changing of data by unauthorised persons and the security of the others due to strategic business objectives.
system if attacked by hackers or viruses. Another concern was about the datasharing and dataj:)l"otection issues.
Competition from other devices or technologies
it is not easy for people to change how they normally do
The competition from _lJ_ortable computers such as tablet PCs and Japtops (that their work. The users should be comfortable with the
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No

Evaluators' Feedback
have better screen display sizes, features and capacity) and existing project
management tools.

Comments
new technology and approach. These issues can be
overcome through showing the users the real
advantages of using a mobile device such as a PDA in
various aspects of their work (cost, time, quality,
performance, etc).

5.

Technology Adoption Barriers
The new learning curves amongst construction project and programme
managers (senior level) in using new technology could be slow. This is due to
several reasons such as: age factors, low technical literacy or reluctance to
change.
Technology and Technical Issues
Various technology and technical issues were raised during the evaluation
process. These were:
• Software Issues: how to make the system generic and applicable to any
projects, also the installation software may be needed to personalise the tool;
• Integration Issues: lnterlinking between software and application
programming interface (API) upgrades; and coordination among the parties
involved in the projects; and
• Hardware Issues: PDA or mobile device limitation issues such as durability,
battery, memory and visualisation.
Networking Infrastructure
Wireless connection reliability and wireless services may not be available in
certain areas, especiallv for rural area project development.

These issues can be addressed by improved usability
through applying a user-friendly interface (right choice
of icon size, layout and colours), combined with their
day-to-day application needs (such as weather
forecast, traffic assistance and naviaation l.
These technology and technical issues will be
addressed in future research, especially with the
emergence of new and more robust technologies (e.g.
WiMAX, 4G).

6.

7.

The use of wireless technology is expanding rapidly.
Some of the technologies have matured and are now
available countrvwide.
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The first five responses are the most common questions that occur when new
technologies and approaches are introduced in any organisation (Gentle, 2007,
Mitchell, 2008). lt is normal that any organisation would like to know the cost, data
privacy and return on investment (ROI) attached to any new technology and
approach. However, it was interesting to note that implementing Information
Technology (IT) projects are full of risks (Gentle, 2007). Although, the business is
constantly moving, the user requirements are constantly changing and cannot be
finalised. IT systems have to be continually reworked, although there is no guarantee
that the expected benefits will happen. The remainder of the responses were
concerns related to the technologies or technical barriers.
7.5.5

REFLECTION ON THE EVALUATION APPROACH USED

A pilot demonstration and evaluation with researchers in the department has been
successfully identified the usability problems in the user interface design, detect any
flaws in the application and the approaches used for the demonstration and
evaluation. Thus its able to provide solutions for those problems before showing it to
the construction programme managers.
Based on the discussion and results from the demonstration and evaluation with the
practicing construction programme managers, it was found that the usability
evaluation is the right approach to justify and validate the acceptance of the concept
in the industry. In addition, the construction programme managers recognise the
impact the application can have on their daily activities and programme management
in general. The quality of the prototype application and the concept is also being
regarded from the view point of improvement in project information delivery and
values in making an informed decision. lt is important to note that the quality of a
mobile application is not just simply providing the required functionalities and good
system reliabilities. In order to enhance user satisfaction and provide superiority in
construction industry competition with high quality and acceptance, it is required to
consider quality from multilateral viewpoints. These will include the usability aspect
(ease of use for the user) and the efficiency aspect (the speed between making a
request and receiving the result).

7.6

REFINED PROTOTYPE SYSTEM

The researcher has revised the prototype based on the comments obtained in
usability testing. Based on the comments and suggestions by the construction
programme managers presented in Table 7-10 (Section 7.5.2), the prototype
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application was redesigned and refined to meet the user requirements without
changing the design objectives presented in Section 5.1.2. The researcher refined
three of the main points raised (Table 7-10) and, due to the constraints of time,
reserved other suggestions for future work. Three categories were improved to
accommodate feedback from the evaluators: the graphical user interface, notemaking and e-mail. These are presented and discussed in the following sections:

7.6.1

GRAPHICAL USER INTERFACE

One of the main points raised was that the application comes with a cluttered screen
(due to too much information being on display on one screen). The graphical user
interface has been changed through the use of a simplified pie chart interface,
However, the information flow and design is still the same and not affected, because
the prototype application developed comes with a drill down capacity (with a click to
reveal the details as needed) as shown in Figure 7-6.
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Figure 7-6: Refined Status Dashboard

7.6.2

NOTE-MAKING

Another important feature suggested was a note-making feature. This feature or
function will allow the user or operative to record data for later use

220

Figure 7-7), without affecting the project data. However, it will act as a reminder for
those users with limited authority or who are unable to update in real-time due to a
loss of network connection .
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Figure 7-7 : Note-Making Features
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7.6.3

E-MAIL

E-mail is one of the important features of the future application. As shown in Figure
. 7-8, e-mail will be used to request an update and project review by touching an icon
(either to request an update or project review}. The subject will automatically be
created based on the project management tasks. Users only need to add information
and select the receiver. Pictures, video and sound can be attached to an e-mail to
add additional information.
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Figure 7-8 : E-Mail to Request an Update and Project Review

7.7

SUMMARY

This chapter has presented the evaluation process of the prototype application and
the results obtained from that process. it has also discussed the results and identified
the important needs and barriers that can aid further development of the system. In
general, the results were very positive and indicate that the objectives of the
evaluation have been achieved.

1t is interesting also to note that the construction programme managers found that the
services provided (GoogleMap, local weather, GPS photo, etc.} are useful in
managing construction projects and programmes. All the services provided are
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location-based through GPS and WLAN positioning. The construction programme
managers seem comfortable and enthusiastic with the idea and concept of supplying
information and services based on their current context. Based on the evaluation
feedbacks, three main improvement were made to the prototype system, which is [1]
simplify graphical user interface; [2] note-making feature; and [3] e-mail feature.

Conducting a user evaluation is not the end of the process of software development.
I! should be a continuous process involving both the developers and the users. In
such circumstances, the prototype application can be more refined, redeveloped and
integrated with commercial applications so as to meet the expectations of the
industry. The next chapter summarises the research, draws conclusions and makes
recommendations for future research.
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Chapter 8
CONCLUSIONS AND RECOMMENDATIONS

To conclude this thesis, this chapter first presents a summary of the research through
a discussion of how the aim and objectives of the research were achieved. The next
section presents the benefits of the prototype application and lists the contributions
and achievements of the research. The chapter goes on to discuss the
recommendations for future research topics that, based on this thesis, might hold the
promise of important results. In the last section, a set of closing remarks is provided.

8.1

SUMMARY

By adopting a user-centred design (UCD) philosophy, this research has been able to
focus on investigating the potential for a context-aware information system (C-aiS)
for construction programme managers. Various methodologies and techniques (from
project management, information systems and software engineering research areas)
were used to achieve the research aims and objectives. User studies were
conducted to understand the users' requirements. The investigation resulted in the
development of a functional specification and a prototype, which was demonstrated
and evaluated by practising construction programme managers.

The outcome from the specific tasks undertaken in this research, with respect to the
research aim and objectives, is summarised as follows:

Objective 1: To review context awareness, related concepts and enabling
information and communication technologies
The review of the literature and technologies relating to context-aware computing,
mobile information systems and location-tracking technologies (as presented in
Chapter 2) has revealed the potential for mobile context-aware computing. The
potential applications are supported by a broad range of computing and
communication technologies, including context-aware computing and macro- and
micro-level location-tracking technologies (such as GPS, WLAN), and have revealed
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those possibilities which could be adopted in construction programme management.
The outcome of this aspect of the research work has been published at The Joint

International Conference on Construction Culture, Innovation and Management
(CC/M) in Dubai (Fathi et al., 2006).

Objective 2: To investigate the requirements of construction programme
managers for context-aware information and services-delivery at both macro(national/regional) and micro- (site) levels.

This objective has been achieved through an understanding of construction project
and programme management and their relationship (as presented in Chapter 2 and
Chapter 5) by using the literature review and preliminary and detailed interviews. The
current context of construction programme management has been explored by
focusing on the roles and challenges for a construction programme manager in
managing a programme. Construction programme managers have fundamental roles
as mediator, moderator and manipulator of the demands and pressures on projects.
They must embrace and deal with the ambiguity, tensions and interplay between the
need for concrete action and the strategic imperatives of openness, options and
speedy response. A review of the literature shows that knowledge and informationsharing between projects should be a cornerstone of effective programme
management. Therefore, the essential foundation is to assist a construction
programme manager in delivering his/her roles effectively and efficiently by ensuring
he/she has access to real-time information and services (to and from the construction
site) based on his/her current context. This can be achieved by utilising the project
management information system with mobile and context-aware technologies.
Project management information systems have also been reviewed and compared to
provide guidelines for developing the mobile application. Part of the research work
has been published at ASCE/C/8 Construction Research Congress in the Bahamas
(Fathi et al., 2007).

Objective 3: To develop a functional specification and deployment scenario for
an integrated WLAN and GPS-based, context-aware, services delivery system

The third objective has been achieved through the user requirements studies (as
presented in Section 5.2), which were conducted with selected construction
programme managers in the United Kingdom and Malaysia by means of preliminary
and detailed semi-structured interviews which captured and documented detailed
information on the user requirements and needs (as presented in Section 5.2). The
information collected through these interviews was then analysed and resulted in the
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formulation of the system design goals and a conceptual model, which led to the
creation of the functional specification (as presented in Section 5.4). This was
followed by the development of the system architecture. The prototype was then
developed based on this functional specification and system architecture.

Objective 4: To implement a prototype system based on the developed
specification using a combination of ICT tools

Achievement of the fourth objective

W?S

through the demonstration in real-time of a

high-level, interactive prototype in a PDA (as presented in Section 6.4). The
prototype has demonstrated the feasibility of the concept. Several technical and
usability issues were also identified and have been suggested for future research (as
discussed in Section 7 .5).

Objective 5: To evaluate the prototype system using potential end-users

The final objective was achieved through the interactive evaluation of the prototype
by the construction programme managers, both in the UK and Malaysia (as
presented in Section 7.3). Functional and usability evaluations were conducted and
the data collected from these were analysed and discussed. Based on the
demonstration and evaluation, the prototype was refined (as presented in Section
7.6). The construction programme managers found that the prototype application was
useful in managing construction projects and programmes. They were also aware
and satisfied that the services provided are context-aware (based on their profile as
construction programme managers) and location-aware (based on GPS and WLAN
positioning). The construction programme managers seemed enthusiastic and
comfortable with the idea and the concept of supplying information and services
based on their current context.

The limitations of the research are detailed and the conclusions, contribution and
recommendations for future work are presented in the following sections.

8.2

LIMITATIONS OF THE RESEARCH

The research project has several limitations, as follows:
•

Limited numbers in the user study- the limited number of users is due to both
the small number of practising construction programme managers available,
the willingness to participate in this research and the limited numbers of
construction programme managers able

to participate in all stages of the

research activities (in the iterative user study research process) which include
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the preliminary interview, detailed interview, prototype demonstration and
prototype evaluation (as discussed in Section 7.3.2).
•

Remote evaluation - due to the constraints of time, location and cost, the
demonstration and evaluation of the prototype application for construction
programme managers in Malaysia were conducted remotely. The control of a
mobile application installed in a mobile device is almost similar to that of a
desktop emulator. Users may believe that the PDA with which they are
interacting is really just another computer screen, rather than a mobile
application (as discussed in Section 7.5.4). However, based on the feedback
received, construction programme managers in Malaysia were able to
evaluate the prototype by not just knowing what the application will looks like,
what the application will do and how the application functions but also by
accessing it interactively and remotely.

•

Simulated function - due to the constraints of time and technical
requirements, some of the features of the application were simulated without
access to the project data in real-time. This may provide unrealistic
construction project and programme data. However, this approach still
achieved its objective by being able to show the users how the application will
function.

•

Single evaluation session - the prototype was only available on a single
mobile device, thus the demonstration and evaluation session with the
construction programme managers had to be conducted in a one-to-one
session, rather than in a group (as discussed in Section 7.3.4). However, this
allowed the researcher to demonstrate the application and let the user
become accustomed to using the application and to provide detailed
feedback.

•

The evaluation did not take place in a robust environment - although the
prototype application was based on the user requirements of practising
construction programme managers, the demonstration and evaluation of the
prototype application had to be conducted in a laboratory environment. This is
due to the WLAN network security and lack of WLAN network infrastructure
available in the construction programme managers' project sites.

8.3

CONCLUSIONS OF THE RESEARCH

The following conclusions can be drawn from the research with respect to the
following themes: -

227

~~~-~

8.3.1

THE PROTOTYPE SYSTEM

The concept of supplying specific information and services to the construction
programme manager has become technically and financially feasible because of the
capability of integrating mobile devices, context-awareness, data, voice and
positioning technologies. Although on a small scale, the prototype application proved
that the concept was achievable and functioning in real-time and that it could be
evaluated interactively.

lt is important to note also that this research has focused on construction programme
management issues related to context-aware mobile devices by conducting several
user studies. These relate to context-awareness, information sharing, collaboration
and end-user programming with context-aware mobile applications. These studies
have successfully demonstrated the need for the application in the construction
industry and the acceptance of the concept by practising construction programme
managers.

The management of a programme (or multiple projects) presents challenges that are
different from those of single-project management. The situations are complex
(unpredictable and non-linear) (Aritua et al., 2009) and information requirements are
huge (to cover the macro- and micro-levels) (Fathi et al., 2007). Thus, designing and
developing mobile context-aware construction programme management applications
is challenging and demanding. The technology itself is rather complex and involves
several fields and technologies that contribute to the final outcome (such as
integration, system architecture and interaction design). This thesis has finally
charted the issues and risks that relate to the usability of mobile context-aware
construction programme management applications, and has been able to prove that
the concept would help in future for designing a usable application.

The demonstrated prototype application offers some tangible help (in terms of an
understanding of the requirements and information needs of the construction
programme manager) for future development by computer programmers, who are not
necessarily specialised in construction programme management.

8.3.2

CONTEXT-AWARENESS SYSTEMS

Context-awareness is still a young field in construction, and the research done in the
area is still very exploratory or demonstrative in nature. However, context-awareness
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is the technology chosen to implement the mobile information system in construction
management, since it can be seen to respond to the challenges set by the current
development trends in the area. Context-awareness can facilitate the mobile
application's use in complex and demanding construction situations (by dynamically
adapting the mobile application's behaviour, due to e.g. change of location, task,
activity, profile and time, by appropriate means). With the advancement of the
location-tracking technologies (GPS and WLAN), the popularity of location-based
services and the achievable concept shown in this research, context-aware
computing has been shown to have the potential to be expanded further to many
types of applications in construction management activities.

8.3.3

CONTEXT-AWARE CONSTRUCTION PROGRAMME MANAGEMENT

Much of the research in information science concentrates on commercial applications
such as tourism, guides and navigation (Schilit and Theimer, 1994, Abowd et al.,
1997). Construction applications have rarely been investigated. Getting up-to-date
with the research and literature in the field of context-awareness and construction
management has shown that, to a great extent, the current research is lacking in the
aspects concerned with the appreciation of project and programme management
methodology. The existing research involving end-user studies has typically
concentrated on the construction site workers' information needs without being based
on the project management information system model and programme management
methodology.

Context-aware computing technology can be used for a wide range of applications in
construction management, including applications such as resources management,
linear asset management and logistics. Thereby, it enables the creation of an
integrated construction management environment.

The concept delivers benefits

to

the organisa.tion through a new way of managing

projects and programmes, which in turn delivers to the construction programme
management the benefits of high efficiency, good visibility and good governance.
Context-specific information and service delivery should be supplied not just to the
construction programme manager, but also to other project team leaders so that they
are able to make informed decisions.

This is where the most important part of the concept comes in. Project management
applications are important but it is the control, programme governance and
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responsibilities of the construction programme manager that can forge the necessary
links with other organisations that will carry the programme through to a positive
conclusion. Construction programme managers need to be aware and have
knowledge about the projects as a means of achieving their strategic goals. This can
only be achieved through the use of a mixture of tools, techniques and, most
importantly, people to get the job done.

8.4

CONTRIBUTIONS OF THE RESEARCH

The novel contribution of this research is presented in terms of providing the concept
that the integration of different technologies works to provide programme managers
with

better

decision-making

capabilities.

This

was

achieved

through

the

implementation of mobile and context-aware computing technology in construction
programme management.
Initially, the thesis presents a novel contribution by reviewing and synthesising
multiple subject areas and bodies of knowledge in an integrated manner. These are:
project management; programme management; mobile computing; information
systems; context-aware computing; software engineering; web services; wireless
communications and global positioning systems (GPS). Therefore, it develops and
examines implementation using different theoretical lenses and technologies. The
development process is complex but achievable.

8.5

ACHIEVEMENTS OF THE RESEARCH

The achievements of this research are discussed in six main directions:
1. Application developed for single and multiple projects;
2. Application based on programme management methodology;
3. Mobile IT research;
4. Usability of the system;
5. Detailed understanding from structured research activities; and
6. Creating an interest in the concept.
8.5.1

APPLICATION DEVELOPED FOR SINGLE AND MULTIPLE PROJECTS

The literature review (Chapter 2) and user studies (Chapter 5) focus on both the
requirements of construction project management and construction programme
management itself, so that it is possible to discuss the similar and different
requirements needed for the development of any mobile programme management
information system (for single and multiple project environments). Many research
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projects (Aziz, 2005, Chen and Kamara, 2008) only focused on the single project
situation and do not take into account the multiple project environment.
Meanwhile, the implementation is analysed from the perspective of the managerial
improvements in relation to the decision-support system. However, it is important to
note that the implementation of the system required a change (due to the fact that the
use of an integrated computerised system implies changes at the individual,
organisation and project levels).

8.5.2

APPLICATION

BASED

ON

PROGRAMME

MANAGEMENT

METHODOLOGY

Many mobile research projects (Garzaa and Howitt, 1998, Aziz, 2005, Hakkila, 2005,
Lofgren, 2007, Chen and Kamara, 2008) only focused on information on the
construction site and did not take into account the multiple-project management
environment and programme management methodology. This research project was
designed, developed and takes into account the latest reference model for a project
management information system (Ahlemann, 2009) and adheres to programme
management

standards

(Office ·of Government

Commerce,

2007,

Project

Management Institute, 2008).
The research project also focuses on mobile context-aware computing for
construction programme management, so that it gives an understanding of the
mobile information system requirements and the enabling technology whilst
presenting the benefits of the technology to construction programme management.
From the user studies in Section 5.1, it was found that construction programme
managers require access to highly specific data (on an as-needed basis on a
centralised system), personalised data, real-time data (programme and project
management support), macro- and micro-level views (of project information based on
their roles), a resource utilisation view and a usable system (usability of the mobile
devices).
8.5.3

CONTRIBUTION TO MOBILE IT RESEARCH

This research project has made use of user study methods and provides useful user
study material and results from real users of the application. The information needs
and requirements of the users themselves have been taken into account in the
development process. The benefits and limitations of the application have been
identified (as shown in Section 7.5.2). Meanwhile, lt is important to note that the
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interactive prototype demonstration and evaluation in this research has revealed the
positive and negative aspects of the prototypi ng approach (as presented in Section
7 .5.3). This in turn provides useful information for developers of mobile applications
concerning the appropriate methods and specifications for the construction industry.

8.5.4

USABILITY OF THE SYSTEM

By using high-level prototype systems for demonstration and evaluation, and by
comparing this system with various commercial systems (discussed in Section 3.2.3),
it has been shown that this high-level prototype system is highly usable. Very few
other research projects in construction management have assessed their systems in
terms of the usability and the acceptance of the system. This high-level prototype (as
developed in Section 6.4) can act a reference for the computer programmer and can
also be upgraded to fully functional applications. This can be achieved through more
detailed functional specifications (presented in Section 5.4 ), enhancement in the
programming and integration with commercial enterprise project management
systems.

8.5.5

DETAILED

UNDERSTANDING

FROM

STRUCTURED

RESEARCH

ACTIVITIES
The achievements of the research results can also be derived from the following
structured main activities:
a) The understanding of the role of construction programme management and
its information requirements for informed decision-making;
b) The concept of a mobile context-aware information system as applied to the
construction industry, since the prototype development is based on the direct
requirements from practising construction programme managers (based on
the preliminary and detailed user studies);
c) The structured evaluation and analysis of the prototype implementation with
construction programme managers from the industry to validate the concept;
d) The development and testing of the prototype through live remote computing
technology (based on a creative integration of tools and technologies); and
e) The structured presentation and discussion of the factors that drive and
enable implementation of the concept, as well as any implementation
difficulties.
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8.5.6 CREATING AN INTEREST IN THE CONCEPT
This research is not only able to contribute to the understanding of the concept but is
also to create an interest in the concept (based on the feedback and enquiries
received from researchers and practitioners at the conferences and seminars as well
as through the blog). The research blog (http://c-ais.blogspot.com/) has been
accessed by many people around the world as shown in the FEE DJ IT traffic map for
the website in Appendix 13. The FEEDJIT traffic map is a tool that allows a user to
see what is happening on the blog in real time. it is a live view of the blog that gives
information about the location of the visitors, the sites they came from and what
search terms they used to find the blog. More details can be found at
http://feediit.com/.
The research was also known to others through its dissemination activities. Details of
the work are as listed in Appendix 14.

8.6

RECOMMENDATIONS

··During this research project, the challenges to prove the concept, the knowledge
gaps in construction programme management and the need to develop a high-level
prototype system have been identified. Some of the most pertinent problems are
described in the previous chapters. They are summarised briefly in the following and
may serve to guide future research related to the following themes: -

8.6.1

GENERAL RECOMMENDATIONS ON CONTEXT-AWARENESS

With respect to context-awareness, it is important to note that a context-aware
information system depends on the combination of a complex multi-technology
environment, as shown in the system architecture of the prototype system in Section
6.2. The quality and successful delivery of a context-aware application depends on
hardware (devices, network infrastructure, service provider, server systems),
software and the data input from the project team. This complex multi-technology
requires high-quality programming, careful integration and demands that the future
context-aware application should be:
1. Clear on the structured flow of information and services;
2. Clear on the authorisation levels of information and services to be accessed
by particular users; and
3. Able to identify and select the right context dimension for a particular situation
or location.
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Getting up-to-date with the research and literature on context-awareness in mobile
computing revealed that the current research lacks the aspects of usability and user
studies. Much existing research involves case studies that are focused on
organisations and not on the specific user needs which are more important to the
development of a mobile application (because a mobile context-aware application is
more personal). There is a need for a systematic approach that is focused on the
user and charts the potential risks related to usability and interaction issues.

8.6.2

RECOMMENDATIONS

RELATED

TO

'CONTEXT-AWARE

CONSTRUCTION PROGRAMME MANAGEMENT'

Mobile context-aware computing for construction programme management is fine in
theory. The research issue is figuring out how to get it to work in construction
programme management practice. The problems are principally related to:
1. The vast amount of information flow related to a construction programme,
especially with the requirements that the information should be specific and
context-aware. A strategy is needed in developing the classification of
information for a construction project .and programme to help the application
to process the large quantity of data efficiently; and
2. The project management information system (PMIS) model. Context-aware
computing completely redefines the basic notions of interface and interaction;
however, the ease with which the computer can handle the contents depends
heavily on the appropriateness of the PMIS model used. The research
questions arising include: What are the types of infonmation level that should
be considered in relation to the various project teams? What role does
context play in their everyday experience? How can this be adapted to all
project teams from different organisations with different systems? How can
the construction programme manager interact with an invisible presence and
yet maintain adequate control? How can the users feel both served and safe?

8.6.3

RECOMMENDATIONS ON THE PROTOTYPE SYSTEM

Conducting a user evaluation is not the end of the process of application
development. it should be a continuous process involving both the developers and
the users. In such circumstances, the prototype application can be more refined,
redeveloped and integrated with commercial applications so as to meet the
expectations of the industry. The following are the recommendation made based on
the prototype system:
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1. The future applications of context-aware computing for

construction

programme managers should also be able to have both a macro- and a
micro-level of information view. This feature is important because of the link
or relationship between construction project management and construction
programme management. However, research questions abound, principally:
Who can access macro-level information other than the construction
programme manager? How can the information from multiple project teams
be gathered and the information level classified? How can the information
from different systems be integrated?

2. Based on the analysis of the requirements for information by the construction
programme manager, one of the important characteristics of context-aware
applications is to have the experiencing situation (time of the event's
occurrence) in the context information. The issues arise from the three
categories of context information concerning the experiencing of a situation,
namely:
•

Past - comprises context information from the past. This could be

considered to be the context history, which contains all previous user
contexts (for example information on the decisions taken at past
meetings). Research questions include the limits of the past information
that should be provided and the ways in which the critical and important
information should be categorised for future use.
•

Present - for the current context. This could be the current location of a

user and what the urgent matters that he or she should look into are.
Research questions include how to make sure that the data available in
the system are current.
•

Future - for the future context. This could be the prediction of the future

events based on the programme plan and schedule (for example, the
venue for tomorrow's meeting). Research questions include how to
predict future requirements in detail if there has been no previous
experience of them in the programme.

8.6.4

RECOMMENDATIONS ON THE AREAS FOR FUTURE STUDIES

When considering future research, one can conclude that, with a topic applicable to
so many research areas (among others: construction programme management,
mobile applications and human-computer interaction), the follow-up research work on
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integration issues with the mobile context-aware application and the current
integrated project management information system still has a number of significant
issues to explore. This aspect is very important if the mobile device is to become a
decision-support

tool

to

aid

construction

programme

management.

Many

organisations make critical business decisions without access to the right data at the
right level of accuracy, relying on judgement and 'best guess'.

The concept also can be enhanced in the construction industry through the
integration of a project management information system (PMIS) with building
information modelling (BIM). BIM is a digital tool that supports the continual updating
and sharing of project design information (Gould and Joyce, 2009). According to
Gould and Joyce (2009), the advantages of BIM lie in the technology's ability to
support collaboration. However, one of the greatest challenges to this concept is the
interoperability of the project management information system and BIM (Levy, 2006,
Gould and Joyce, 2009). lnteroperability is the ability to exchange and manage
electronic information seamlessly, and the ability to comprehend and integrate this
information across multiple software systems (Levy,

2006). There is little

interoperability in today's construction industry. However, many organisations have
recognising its importance and much research effort has also started to focus on this
issue.
This thesis has also touched upon many subtopics among context-aware mobile
applications, which offer interesting future research areas. Privacy and securityrelated issues with information sharing is an interesting area for future research.
Research topics related to the user's profile context, preferred context and whether
the accuracy and location-sensitivity of current GPS or WLAN technologies are
sufficient are some examples that would benefit from more extensive studies.
However, when the technology matures, running long-term usability studies and
trying out context-aware applications with large user groups in real-life settings
becomes easier, and will inevitably offer new information to the developer and the
research community. After all, the value of context-aware applications to the users is
always the main research issue, which can only be studied reliably with an adequate
adoption rate of context-aware devices, applications and services.

8.6.5

GENERAL RECOMMENDATIONS TO THE INDUSTRY

Mobile context-aware information systems will generate benefits for those who use
them and provide the impetus for organisations to drive additional features and
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functions into their current system. Although there are not enough solid return on
investment (ROI) figures to quantitatively demonstrate benefits, anecdotal evidence
of performance gains and cost reductions has been suggested by many researchers
(Suman and Psunder, 2008). Building on the small successes of this research work,
the construction industry can keep moving forward to drive better communication,
increased programme performance and higher information quality in construction
programme management by adopting mobile applications.

The current slow economic climate in the construction industry is certainly
contributing to slowing the adoption of integrated project management information
systems (which is one of the main requirements of the concept yet to be realised)
(Stern, 2009), but one of the greatest difficulties lies in the culture of change in the
construction industry itself. Changes are needed in the construction industry. An
integrated construction programme management process will not happen quickly.
Cultural barriers need to be broken down through business process reengineering
(BPR), so that the construction industry will realise the importance of mobile
information systems for the construction programme management process.

Although there have been some initial efforts to study the return on investment (ROI),
there are no valid results available today to spur industry leaders towards faster
adoption of computerised systems. A financial study is needed to prove that these
tools are not just able to bring increased efficiency to the entire construction
programme management process but also that they will provide value for money.

I

8.7

CONCLUDING REMARKS

I

A mobile context-aware information system is an advanced, next-generation,

I

information access tool for construction

programme managers to manage

I

construction programmes and projects more efficiently. it is particularly important as

I

an information tool that helps the construction programme manager to make an

I

informed decision in the light of an awareness of the current status of the programme

I

and project, anywhere and anytime.

I

The successful live demonstration of the prototype to practising construction
programme managers adopted a programme management methodology and
integrated various technologies. This provided the confidence that the prototype
application work in this research project was not only technically feasible but that the
concept was also acceptable to the industry. Mobile context-aware computing
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technologies can play an important role in the advancement of a project management
information system and in the adoption of mobile applications by the construction
industry.
One of the main contributions of this research is that the concept is proved and
potentially accepted by the industry. This provides an opportunity to expand and
continue research into this subject in the future. One thing that might compliment this
effort is taking into account the possibility of integration with a commercial enterprise
project management system, a study on the return on investment and the
development of a generic systern. By working in this particular area we might be able
to encourage and help the industry to adopt this concept. Thus, the industry will be
able to exploit current information technologies to encourage the future integration of
the construction industry.
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Appendix 1
QUESTIONNAIRES AND INTERVIEW QUESTIONS
PART 1: BACKGROUND INFORMATION
1. Name of C o m p a n y : - - - - - - - - - - - 2. Address: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __

3. Telephone N u m b e r : - - - - - - - - - - - - - - 4. Current Designation: -:::----:--:-:--:-~:--~-----5. Years of experience in the construction industry: _ _ years
6. Length of experience as a - Project Manager :
years
7. Programme Manager:
years
8. What is the size of your company?
9. Number of employees : _ __
1O.Annual turnover :
(£)
11. How long have you been employed as a Programme Manager in your
present firm:
years
12. How many programmes do you manage at a time? _ __
13. Total value of current programmes? (£m)--=-----14. How many projects do you manage at a time? _ _ _ __
15. Total value of current project? (£m)"""""""::"-:--:--::------16. Number of Project Managers responsible for?-------:-:--:17. What is the average contract duration for the programme that you
manage? _ _ _ _ _-:--:-~-:--:-~-:---:--:--;-18. What is the average contract duration for the projects that you
manage? _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
PART 2: PROGRAMME AND PROJECT MANAGEMENT TOOLS
1. Roles & Programme Mana_gement S_ystem
a. Could you describe your roles and responsibility as Programme
Manager?
b. What is the most important information required by you as a
Programme Manager?
Existing
Tools & Systems for Programme Managers
2.
a. Do you have a Programme Management System? Name:
b. What commercial systems are there?
c. How effective are the_y?
d. What are their limitations?
e. What features do:teu most frequently used? Why?
f. What other tools/aide-memoirs (IT/non-IT)_ do_you use?
g. If there was one new killer application for Programme
Management, which features would you like it to have?
PART 3: KEY ISSUES

1. Information Requirements
a. Could you list four (4) most important functions as Programme
Manaqer?
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b. What are the information that you needs to deliver each
function effectively?
c. What are the other key items of information required by
Programme Managers?
d. What project information is required?
e. What information is required in real-time (i.e. as it occurs)?
f. What information do you need as you travel to a set of projects?
g. at Project (Micro) level?
h. at Proqramme (Macro) level?
i. What is the frequency of the info that you require? (daily or
monthly)
2. Services Requirements
a. What services do Programme Managers require? (eg. Weather
info, information search j)Ortal)
b. What in-house I company services are provided to Programme
Managers?
c. Are they company-specific or generic?
d. Are they desktop-based?
e. Do you need these delivered in real-time as you travel (to
. prevent you goinq back to HQ)?
f. What external services (e.g. weather information) would you like
delivered to you in real time?
3. Desirables
a. What information/services do you wish you had at your
fingertips as you manage a set of projects?
i. at programme level
ii. at project level

4. Context-Awareness
a. What are the different contexts associated with your role as
Programme Manager?
b. (e.g. roles, stage of programme, stage of specific project etc.)
c. To what extent do your information/service requirements
chanqe with the above contextual chanqes?
5. Context-Awareness Scenario
Two scenarios where Programme Manager or Project Manager need to make
quick decisions based on real-time, accurate and relevant information.
Scenario 1: Urgent need to solve a problem at the construction site
Task: to make fast decision and choose right personnel in HQ to help in
solving the problems.
Information required: list of personnel authorised to do the job.
Current information/service delivery: paper-based or electronic list of
personnel authorised to do the job for the company. The Programme
Manager I Project Manager needs to sort and find relevant person with the
right criteria. For example: person registered with his company (for
payment and the contractual terms), person nearest to the construction site
and available to help overcome the problems.
Potential application:
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User : Programme Manager;
Location: Site Office; and
Activity: Searching for a person with specific criteria
Context-aware searching - an intelligent search for the relevant information
for the programme or project based on contextual information. This could
be the time of the day, the device, the person's role on the project etc. This
can help Programme Manager/Project manager in making fast and
accurate decisions about selecting the right person.

Scenario 2: Chairing programme meeting at site office
Task: to update Project Managers and project team on the status of all
programme and project.
Information required: gain real-time visibility of the status of all
programme and project interdependencies, history and progress.
Current information delivery: paper based project progress report, project
files, Meeting Minutes, Submittals and Shop Drawings, Change Order
Status Log, As-Built Drawings, Requests for Information, Contract Status
Log, Safety Information, Daily Logs and Project Schedules.
Potential application:
User : Programme Manager;
Location: Site Office; and
Activity: Programme Meeting
Context-aware dashboard- designed to display the operational status of
the projects in real-time and help manage their interdependencies
especially when Construction Programme Managers are making multiple
site visits. Information such as programme performance, project progress,
contractual information, unfinished tasks and relevant information to the
Construction Programme Manager's current context (preferences, location
and activity) can be automatically updated on his/her mobile device. This
can enhance the real-time visibility of the status of projects, and allow
accurate judgement and effective reporting in Construction Programme
Management.

6. Assuming that you have access to a context-aware programme
management system,
a. What features and functions would you want it to have (in your
role as Programme Manager)?
b. What other features would you like to have in future
applications?
c. What functions do you require to enable you make fast and
accurate decisions in your day-to-day activities?
d. What functions do you require to establish and maintain overall
control of the programme?
e. Will this type of application improve programme management
efficiency? and if so in what ways - If not, why not?
f. Do you think this type of application can overcome information
overload? and if so in what ways- If not, why not?
g. How do you find the relevance of a system that can provide
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real-time and context-specific information to you as Programme
Manager in the future?
h. Do you see any potential for this type of application in
construction programme management?
i. From 1 to 5, how effective would you rate the application?

PART 4: BRIEF DESCRIPTION ABOUT PROGRAMME MANAGEMENT
LIFE CYCLE
In order to obtain the understanding of programmes, an organisation should look at a
framework in which programme management can operate. Appendix Figure 1 shows the
programme management lifecycle divided into four basic stages:1. Programme Identification
2. Programme Planning
3. Programme Delivery
4. Programme Closure
Programme identification is at stage 1, where the vision, aims, objectives and scope of the
programme come from the top management or leadership to the programme manager. Then,
in stage 2 the programme planning is done by the programme manager which includes the
design (the way in which the projects that make up the programme are put together),
approach (the way the programme will run), resourcing (looks at scheduling and allocation of
resources) and responsibilities (identifies and allocates responsibilities for each area of the
programme).
Programme Management Stage Mapping

~vision

-alms & obJettive-s

.'"""'

,,,,J,

~design

- monitm & oontrot
• health o:h<d<
~ P.fogre-ss reporting

.. resource
managemtnt
~ re$ponslbllitles

-inues management

--approad,

-risk management

-benefits realls.:ttion

Appendix Figure 1: Typical Programme Management Lifecycle
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In stage 3, the individual project manager runs the identified project. The programme
manager's responsibilities at this stage are to monitor progress, assess risks and report
progress to the steering committee or leadership. The programme manager has a view
across all projects and must ensure the programme stays aligned with the overall strategic
objectives of the organisation.
Benefits realisation is the process at the last stage, closure of the programme, by which the
benefits identified at the beginning of the programme are measured. it is the responsibility of
the programme manager to demonstrate to the steering committee that the desired benefits
have been realised. Often this will mean that the construction programme manager will
continue to monitor a programme long after the individual project is completed in order to
ensure that the benefit is realised at a business level.
Therefore, it is argued that construction programme management is more than a multiconstruction project management. The construction programme management has overall
responsibility for ensuring benefits realisation. One view is that benefit management should
be entirely, carried out at the programme level, making the point that project managers are not
well positioned to consider the validity of their projects.
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Appendix 2
Use Case : Login
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by clicking the ~c-aiS" icon
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Appendix Figure 2 : Process Flow Diagram for Login
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Use case description :

This use case describes the process of a user logs into the application {Appendix Figure 2).
Actors:

1.

Programme Manager

2.

Project Manager

Pre-Condition

1.

User information is registered in the application.

2.

Password to access the application is available.

Post-Condition

User is able to login into the application.

Flow of Events

1.

User clicks on the "C-aiS" icon to start the application.

2.

System verifies user's current location.

3.

Once the location is identified and verified, system prompts the user to enter the password.

4.

User enters the password and click "OK" button.

5.

System displays message "Your details have been verified and you are authorized to access to GalS application. Please click the "Start" button to proceed to the next screen".

6.

Use case ends.

Alternative Flow of Events

1.

User clicks on the "C-aiS" icon to start the application.

2.

System verifies user's current location.

3.

Once the location is identified and verified, system prompts the user to enter the password.

4.

User clicks "Cancel" button.

5.

System terminates.

6.

Use case ends.

Exceptional Flow of Events

1.

User clicks on the "C-aiS" icon to start the application.

2.

System verifies user's current location.

3.

Once the location is identified and verified, system prompts the user to enter the password.

4.

User enters the password and click "OK".·

5.

System displays message "Your password is invalid. Please enter a valid password".

6.

Use case continues from Step 4 in Flow of Events.
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Appendix 3
Use Case : Personalise Account
User selects
"Personalise
Accounf' menu

System displays
the "Personalise
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Appendix Figure 3 : Process Flow for Personalised Account for C-aiS Application
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Use case description :
This use case describes the process of a user customizing the account information.

User is

allowed to setup the information regarding the Context View, Diagram View and Menu Option.

Actors:
1. Programme Manager
2. Project Manager

Pre-Condition :
1. User is log in into the application.

Post-Condition :
1. User account is customised.
2. System displays the view according to the configured information.

Flow of Events :
1. User clicks on "Personalise Account" icon.
2. System displays the "Personalise Account" window which contains the following information
categorized accordingly :
a. Context View
i. By Location
ii. By Activities
b. Diagram View
i. Tabular
ii. Pie Chart
iii. Gantt Chart
c. Menu Option
i. Personalize Account
ii. Manage Programme Manager
iii. Manage Task and Issue List
iv. Manage Project Resource
V.

Search

vi.

News and Announcement

vii. Generate Report
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3. User selects the following setting according to their respective grouping
a. Context View, user opts the radio button of
i. Location
b. Diagram View, user opts the check box of
i. Tabular
c.

Menu Option, user opts the check boxes of
i. Personalize Account
ii. Manage Programme Manager
iii. Manage Task and Issue List
iv. Manage Project Resource
V. Search

vi. News and Announcement
vii. Generate Report
4. User then clicks the "Personalise Account" button.
5. System prompts the dialog screen "Your account information is being customised
accordingly."
6. User clicks "OK" button.
7. Use case ends.

Alternative Flow of Events :

1. Process commence from Step 4 from above. User clicks "Cancel" button.
2. System prompts confirmation message "Are you sure you want to Quit from this menu?".
3. User clicks "OK" button.
4. Use case ends.

Alternative Flow of Events :

1. Process commence from Step 4 from above. User clicks "Cancel" button.
2. System prompts confirmation message "Are you sure you want to Quit from this menu?".
3. User clicks "No" button.
4. System display the "Personalise Account" window.
5. Use case ends.

Exceptional Flow of Events :

None
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Appendix 4
Use Case: Programme Dashboard
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Appendix Figure 4: Process Flow for Programme Dashboard of C-aiS Application
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Use case description:

· This use case describes the process of managing the Programme Dashboard. The user is given
an option either to View, Add New, Update and Delete project(s). Programme Managers has the
access to all the function under the 'Manage Programme Dashboard' however Project Manager
can only view and update projects. The project information that will be displayed to the user will be
based on the type of access right that has been granted. Different access rights will have different
view of details. The user that has full privilege to manage project information is able to perform the
whole functions, otherwise limited functions or access will be given.
Actors:

1. Programme Manager
2. Project Manager

Pre-Condition:

1. The user logs into the application.
2. The user has been granted to manage programme dashboard.

Post-Condition:

1. List of project information will be displayed if the user opts to View Project info.
2. New project will be added into the application database if the user opts to Add Project info.
3. Project information is successfully updated if the user opts to Update Project info.
4. Project will be deleted from the database if the user opts to Delete Project info.

Flow of Events E1:

1. User clicks on 'Manage Programme Dashboard' menu.
2. System will display 'Manage Programme Dashboard' main window. The following options
will be displayed:
a. View Project. Go to Flow of Events E2
b. Add New Project. Go to Flow of Events E3
c.

Update Project. Go to Flow of Events E4

d. Delete Project. Go to Flow of Events E5

Flow of Events E2:

1. User clicks the 'View Project' menu.
2. System displays list of projects available.
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3. User clicks on one of the project name link.
4. System displays the 'Project Detail Information' window. All project detail information will
be grayed out which indicates that it is in non-editable mode.
5. User clicks on the 'Back to Main' link.
6. System displays the main screen of 'View Project'. List of available projects will be
displayed.
7. Go to Alternative Flow of Events A 1 and A2.
8. Use case ends.

Flow of Events E3:

1. User clicks on the 'Add New Project' menu.
2. System displays the 'Add New Project' window.
3. User enters the project information. The user reviews and verifies the project information
added.
4. User clicks the 'Add' button. Go to Alternative Flow of Events A3.
5. System prompts a message 'Are you sure you want to add this project?'.
6. User clicks 'OK'. Go to Alternative Flow of Events A4.
7. System displays message "The project has been added successfully".
8. User clicks 'OK' and the main window will be displayed.
9. Use case ends.

Flow of Events E4:

1. User clicks on the 'Update Project' menu.
2. System displays list of projects available.
3. User clicks on one of the project name link.
4. System displays the 'Project Detail Information' window. Project information that can be
edited will be displayed in editable mode, otherwise the fields are non-editable.
5. User modifies the project information. User reviews and verifies the project information.
6. User clicks the 'Update' button. Go to Alternative Flow of Events A5.
7. System prompts a message 'Are you sure you want to update this project?.
8. User clicks 'OK'. Go to Alternative Flow of Events A6.
g. System displays message "The project has been modified and saved successfully".
10. User clicks 'OK' and the main window will be displayed.
11. Use case ends.
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Flow of Events E5:

1. User clicks on the 'Delete Project' menu.
2. System displays list of projects available.
3. User clicks on one of the project name link.
4. System prompts 'Are you sure you want to delete this project?'
5. User clicks 'Yes' button. Go to Alternative flow of Events A7.
6. System displays message "The project has been deleted".
7. User clicks 'OK' and the main window will be displayed.
8. Use case ends.

Alternative Flow of Events A1:

1. User clicks 'Next' to view the next project detail information if available.
2. Use case continue, Step 4 in Flow of Events E2.

Alternative Flow of Events A2:

1. User clicks 'Next' to view the next project detail information if available.
2. Use case continue, Step 4 in Flow of Events E2.

Alternative Flow of Events A3:

1. User clicks 'Cancel' button.
2. Use case continues from Step 1 in Flow of Events E3.

Alternative Flow of Events A4:

1. User clicks 'No' button.
2. Use case continues from Step 3 in Flow of Events E3.

Alternative Flow of Events A5:

1. User clicks 'Cancel' button.
2. Use case continues from Step 1 in Flow of Events E4.

Alternative Flow of Events A6:

1. User clicks 'No' button.
2. Use case continues from Step 2 in Flow of Events E4.
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Alternative Flow of Events A7:

1. User clicks 'No' button.
2. Use case continues from Step 4 in Flow of Events E5.

Exceptional Flow of Events EX1

1. User enters the incorrect format of data.
2. System prompts message 'Format is incorrect. Please enter the valid input'.
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Appendix 5
Use Case: Tasks and Issue List
User selects 'Manage Tasks

and Issue List" menu
I

•
System displays the
"Manage Tasks and Issue
List" window

•

System displays the
Tasks and Issue
List" window

System displays "View

window.

System displays the
"Update Tasks and
Issue list" window

-,

~Add

Tasks ami Issue list• •-

:e·--1

System displays the
"Delete Tasks and
Issue List" window

:'1
!

~
User enters the detail

User clicks the task/
issue to be viewed

of task/issue to be
added.

from the list.

System displays
"Tasks and Issue List"
window.

System displays
"Tasks a_nd Issue List"
wmdow.

user clicks the task/
issue to be updated
from the list

User clicks the task/
issue to be deleted
from the list.

User reviews and
verifies the task/issue
detail Information

information window in
non-editable mode

,---"---Return

~o Main

User view the task/

issue detail
information

!

Ii

----''---'Return to Main

System tlisp\ays the
task/issue detail

!
-t···1····j

r

I

• !'

System displays the
task/issue detail
information window in
i
tin-editable mode Return to Main

~jJ

Retum

~··········

I
I

No

No
l

.......A....

~dd--

-·-Previous-;

........J

NO>ct

i
System displays the task/
issue detail information
window for the next task!

issue In non-editable
mO<!e

System displays the iask!
issue detail information
window for the previous
task/issue in non-editable
mode

I
i
LE)-~~

I
I

System prompts
"Are you sure you
want to add this
task/issue?''

Delete
V

IL_-,------1

System prompts
you sure you
want to delete this
task/lssue?"
~Are

lS>

User reviews and
verifies the updated
information.

V

User click

'
OK

System displays "The
data has been added
sU<:Cessfully"

I
i

!

~

I

elK
~

Up~ate
V

System displays "The
data has been deleted
successfully"

System prompts
"Are you sure you
wan\ to update this
task/issue?"

OK
V

System displays "The data has
been modified successfully~

Appendix Figure 5 Process Flow for Manage Task and issues list of C-aiS Application
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Use case description:

This use case describes the process of managing the Tasks and Issue List. The user is given an
option either to View, Add New, Update and Delete tasks and issues. The tasks and issues
information that will be displayed to the user will be based on the type of access right that has been
granted. Different access rights will have different view of details. The user that has full privilege to
manage project information is able to perform the whole functions, otherwise limited functions or
access will be given.

Actors:

1. Programme Manager
2. Project Manager

Pre-Condition:

1. The user logs into the application.
2. The user has been granted to manage tasks and issue list

Post-Condition:

1. List of tasks/issues information will be displayed if the user opts to View Tasks/Issues info.
2. New project will be added into the application database if the user opts to Add Tasks/Issues
info.
3. Tasks/Issues information is successfully updated if the user opts to Update Tasks/Issues
info.
4. Tasks/Issues will be deleted from the database if the user opts to Delete Tasks/Issues info.

Flow of Events E1:

1. User clicks on 'Manage Tasks/Issues' menu.
2. System will display 'Manage Tasks/Issues' main window. The following options will be
displayed:
a. View Tasks/Issues. Go to Flow of Events E2
b. Add New Tasks/Issues. Go to Flow of Events E3
c.

Update Tasks/Issues. Go to Flow of Events E4

d. Delete Tasks/Issues. Go to Flow of Events E5
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Flow of Events E2:

1. User clicks the 'View Tasks/Issues' menu.
2. System displays list ofT asks/Issues available.
3. User clicks on one of the tasks/issues name link.
4. System displays the 'Tasks/Issues Detail Information' window. All tasks/issues detail
information will be grayed out which indicates that it is in non-editable mode.
5. User clicks on the 'Back to Main' link.
6. System displays the main screen of 'View Tasks/Issues'. List of available tasks/issues will
be displayed.
7. Go to Alternative Flow of Events A1 and A2.
8. Use case ends.

Flow of Events E3:

1. User clicks on the 'Add New Tasks/Issues' menu.
2. System displays the 'Add New Tasks/Issues' window.
3. User enters the project information. The user reviews and verifies the tasks/issues
information added.
4. User clicks the 'Add' button. Go to Alternative Flow of Events A3.
5. System prompts a message 'Are you sure you want to add this tasks/issues?'.
6. User clicks 'OK'. Go to Alternative Flow of Events A4.
7. System displays message "The tasks/issues has been added successfully".
8. User clicks 'OK' and the main window will be displayed.
9. Use case ends.

Flow of Events E4:

1. User clicks on the 'Update Tasks/Issues' menu.
2. System displays list of tasks/issues available.
3. User clicks on one of the tasks/issues name link.
4. System displays the 'Tasks/Issues Detail Information' window. Tasks/Issues information
that can be edited will be displayed in editable mode, otherwise the fields are non-editable.
5. User modifies the tasks/issues information. User reviews and verifies the information.
6. User clicks the 'Update' button. Go to Alternative Flow of Events A5.
7. System prompts a message 'Are you sure you want to update this Tasks/Issues?.
8. User clicks 'OK'. Go to Alternative Flow of Events A6.

278

9. System displays message "The Tasks/Issues has been modified and saved successfully".
10. User clicks 'OK' and the main window will be displayed.
11. Use case ends.

Flow of Events E5:

1. User clicks on the 'Delete Tasks/Issues' menu.
2. System displays list of tasks/issues available.
3. User clicks on one of the tasks/issues name link.
4. System prompts 'Are you sure you want to delete this Tasks/Issues?'
5. User clicks 'Yes' button. Go to Alternative flow of Events A7.
6. System displays message "The Tasks/Issues has been deleted".
7. User clicks 'OK' and the main window will be displayed.
8. Use case ends.

I

Alternative Flow of Events A 1:

1. User clicks 'Next' to view the next Tasks/Issues detail information if available.
2. Use case continue, Step 4 in Flow of Events E2.

Alternative Flow of Events A2:

1. User clicks 'Next' to view the next Tasks/Issues detail information if available.
2. Use case continue, Step 4 in Flow of Events E2.

Alternative Flow of Events A3:

1. User clicks 'Cancel' button.
2. Use case continues from Step 1 in Flow of Events E3.

Alternative Flow of Events A4:

1. User clicks 'No' button.

!

2. Use case continues from Step 3 in Flow of Events E3.

Alternative Flow of Events A5:

1. User clicks 'Cancel' button.
2. Use case continues from Step 1 in Flow of Events E4.
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Alternative Flow of Events A6:

1. User clicks 'No' button.
2. Use case continues from Step 2 in Flow of Events E4.

Alternative Flow of Events A7:

1. User clicks 'No' button.
2. Use case continues from Step 4 in Flow of Events E5.

Exceptional Flow of Events EX1

1. User enters the incorrect format of data.
2. System prompts message 'Format is incorrect. Please enter the valid input'.
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Appendix 6
Use Case: Manage Project Resource
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Appendix Figure 6 : Process Flow for Manage Project Resources for C-aiS Application
Use case description:

This use case describes the process of managing the Project Resource ..

Actors:

1. Programme Manager
2. Project Manager

Pre-Condition:

1. The user logs into the application.
2. The user has been granted to manage project resource.

Post-Condition:

1. List of project resource information will be displayed if the user opts to View Resource info.
2. New resource will be added into the application database if the user opts to Add Project
information.
5. Resource information is successfully updated if the user opts to Update Resource
information.
6. Resource will be deleted from the database if the user opts to Delete Resource information.

Flow of Events E1:

1. User clicks 'Manage Project Resource' menu.
2. System displays 'Manage Project Resource' window. The following options will be
displayed:
a. View Project Resource. Go to Alternative Flow of Event A 1
b. Add Project Resource. Go to Alternative Flow of Event A3
c. Assign/Re-assign Project Resource. Go to Alternative Flow of Event A6

Alternative Flow of Events A1:

1. User clicks 'View Project Resource' menu.
2. System prompts message 'Please select the mode to view the project resource'.
3. User selects 'View By Project'. Go to Alternative Flow of Events A2.
4. System displays list of project resources grouped by project.
5. User clicks on the resource name link to view the resource detail information.
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6. System displays the resource information window in non-editable mode.
7. User views the detail information and clicks 'OK' button.
8. System displays the list of project resources window.
9. Use case ends.

Alternative Flow of Events A2:

1. User selects 'View By Resource'.
2. System displays list of project resources group by Resource.
3. Use case continues, Step 5 in Flow of Events A 1.

Alternative Flow of Events A3:

1. User clicks 'Add Project Resource' menu.
2. System displays 'Add Project Resource' window.
3. User clicks 'Back to Main' button. Go to Alternative Flow of Events A4.
4. System displays 'Add Project Resource' window.
5. Use case ends.

Alternative Flow of Events A4:

1. User enters the resource detail information
2. User clicks 'Allocate Project' button.
3. System displays list of project available.
4. User selects the 'Assign Resource' button.
5. System prompts message 'Are you sure you want to allocate the project for this resource?'
6. User clicks 'OK' button. Go to Alternative Flow of Events A5.
7. System displays message 'Resource has been assigned to this project'.

Alternative Flow of Events A5:

1. User clicks 'Cancel' button.
2. Use case continues, Step 3 in Alternative Flow of Events A4.

Alternative Flow of Events A6:

1. User clicks on 'Assign/Re-Assign Project Resource' menu.
· 2. System displays list of resources.
3. User selects resource to assign/re-assign.
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4. System displays window contains the list of projects allocated to this resource.
5. User clicks on the 'Remove Project' button. Go to Alternative Flow of Events A7
6. System prompts message 'Are you sure you want to Remove this project from this
resource?'
7. User clicks 'OK' button. Go to Alternative Flow of Events A8
8. System displays 'Project has been Removed'.
9. Use case ends

Alternative Flow of Events A7

1. User clicks on 'Allocate Project' button.
2. System displays list of project available.
3. User selects the project to be allocated.
4. User clicks 'Allocate' button.
5. System prompts message 'Are you sure you want to allocate this project?'
6. User clicks 'OK' button. Go to Alternative Flow of Events A8
7. System displays 'Project has been allocate successfully'
8. Use case ends.

Alternative Flow of Events AB

1. User clicks 'Cancel' button.
2. Use case continues from Step 2 under Alternative Flow of Events A6.
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Appendix 7
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Appendix Figure 7 : Process Flow for View News and Announcement for C-aiS Application
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Use case description:

This use case describes the process of viewing the information on News and Announcement
available for the project team members.

Actors:

1. Programme Manager
2. Project Manager

Pre-Condition:

1. The user logs into the application.

Post-Condition:

1. User able to view the information on News and Announcement available.

Flow of Events E1:

1. User clicks on 'News and Announcement' menu.
2. System displays the 'News and Announcement' window.
3. The following options are displayed:
a. View News. Go to Alternative Flow of Events A1
b. View Announcement. Go to Alternative Flow of Events A2
4. Use case ends.

Alternative Flow of Events A1

1. User clicks on 'View News' menu.
2. System displays the first 10 latest news sort by date descending.
3. User clicks on the 'Detail' link on the selected news.
4. System displays the detail information on the selected news
5. User clicks 'Next' button to view the next news or 'Previous' button to view the previous
news.
6. System displays the detail information on the selected news
7. User clicks 'Back to Main' button.
8. Use case continues from Step 2 under Flow of Events E1.

Alternative Flow of Events A2 ·
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1. User clicks on 'View Announcement' menu.
2. System displays the first 10 latest announcement sort by date descending.
3. User clicks on the 'Detail' link on the selected announcement.
4. System displays the detail information on the selected announcement.
5. User clicks 'Next' button to view the next announcement or 'Previous' button to view the
previous announcement.
6. System displays the detail information on the selected announcement.
7. User clicks 'Back to Main' button.
8. Use case continues from Step 2 under Flow of Events E1.
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Appendix 8
Use Case: Search & Browse Project Information
User selects
"Search Projecf'
menu

I

~
System displays _ .
1
the "Search
r:Project" window

"

User enters the
What and Where
fields
Back to Search
System displays
the results list
window

I

<B>
I

View Map

.If
System displays the map that
marks the location according to
the search information entered

Process Ends

Appendix Figure 8 : Process Flow for Search & Browse Project Information of CaiS Application
Use case description:
This use case describes the process of searching and browsing the information which
regards to project data. The information retrieved by the user will be based on what data
in which location. The field what is referring to the subject of the search and where is the
location of the subject.

Actors:
1. Programme Manager
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2. Project Manager

Pre-Condition:

1. The user logs into the application.

Post-Condition:

1. The information will be displayed according to the subject and the location.

Flow of Events E1:

1. User clicks on the 'Search Project Data' menu.
2. System displays the window containing the search criteria which are the 'What'
and 'Where' fields.
3. User enters the 'What' and 'Where' fields.
4. System displays the result list window. Go to Exception Flow of Event EX 1.
a. User clicks 'Back to Search' button. Go to Alternative Flow of Events A 1
5. System displays the window containing the search criteria which are the 'What'
and 'Where' fields.
6. Use case ends.

Alternative Flow of Events A1

. 1. User clicks 'View Map' link.
2. System displays the map that marks the location according to the search
information entered.
3. Use case ends.

Exceptional Flow of Events EX1

1. System displays the information entered not exist. Please enter your search
criteria again.
2. Use case continues from Step 2 under Flow of Events E1
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Appendix 9
Use Case: Generate Project Report
User selects
"Generate Report"
menu

I

"

System displays
"Generate Report"
window

i
...
User clicks

Track Performance Report···········

,I
I·

"····"Track Progress Report

System displays generated
project's progress report
according to the type of
diagram specified in the
Personalise Account

System displays generated
performance report according
to the type of diagram
specified in the Personalise
Account

'

I

~
User view the report

Appendix Figure 9 : Process Flow for Generate Reports of C-aiS Application
Use case description:
This use case describes the process of generating project report. The report will be
based on the information retrieved from project database.

Actors:
1. Programme Manager
2. Project Manager

Pre-Condition:
1. The user logs into the application.

Post-Condition:
2. User able to generate report from information available.
3. The report will be generate and displayed according to the subject.
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Flow of Events E1:

1. User clicks on the 'Generate Report' menu.
2. System displays the 'Generate Report' window
3. The following options are displayed:
a. Track Performance Report. Go to Alternative Flow of Events A 1
b. Track progress Report. Go to Alternative Flow of Events A2
4. Use case ends.

Alternative Flow of Events A1

1. User clicks on 'Track Performance Report' menu.
2. System displays generated performance report according to the type of diagram
specified in the Personalised Account.
3. User view the report
4. Use case ends.

Alternative Flow of Events A2

1. User clicks on 'Track progress Report' menu.
2. System displays generated performance report according to the type of diagram
specified in the Personalised Account.
3. User view the report
4. Use case ends.
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Appendix 10
High-Level Class Diagram for C-aiS Application
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Appendix Figure 10 : High-Level Class Diagram for C-aiS Application
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Appendix 11
Functional Evaluation Test Case for
TC0.1 . .
05102/2008
The test user must be setup and be

Pass

page is
3

User enters username and
password and click on
"Start" button.

to the
· granted.
Welcome page is displayed with the
following details:
username appeared in the greeting
text
current location of the user is
displayed

Customize the user's account

information
None
The test user must be granted access to

3

information :
ucontext Selection"
select all checkboxes
"Diagram View"
tabular
User
on
"Personalise" button.
' page

5

page
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Appendix 12
Functional Evaluation Test Case for
1.3.Programme Dashboard
in programme

Test User: Programme Manager
"Programmes"
"Projects"
"Materials"
"Services"
"Search"
"Issues"
Test User: Project Manager
"Projects"

"Tasks"
"Contracts"

"Reports"
"Search"

Pass

Pass
Pass
the

application

C-aiS
8

icon.

List services is displayed with the
following icons:

Pass

11
Google Maps"
"Weather"

"GPS Photo"
"GPSSMS"
"GPS Viewer"

the C-aiS
assigned tasks is displayed.

Pass
Pass
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'Y, '!'! ; F;.' ·;.

,Test case ID:

Programme
Dashboard

TC 0.1.3.Programme Dashboard
View information in programme
dashboard
None

Priority:,
, ';.' y,,,, Creation

0510212008

.;';.. Date:
The test user must be granted access to the application

1:l ;;

;.

·.;;;;;c .. ,;';.<:, ', 'C: ,;;;.;.'. c;

• ;.; •c•;

v•'••' •• ..;·,,. ?

13

User clicks on "OK"
button.

System displays the C-aiS application
dashboard.

Pass

14

User clicks on "Contracts"
icon.

List of contracts is displayed.

Pass

15

User clicks on "OK"
button.

System displays the C-aiS application
dashboard.

Pass

16

User clicks on "Reports"
icon.

List of reports is displayed.

Pass

17

User clicks on "OK"
button.

System displays the C-aiS application
dashboard.

Pass

18

User clicks on

List of specifications displayed.

Pass

"Specifications" icon.

19

User clicks on "OK"
button.

System displays the C-aiS application
dashboard.

Pass

20

User clicks on "Search"
icon.

"Search" Google window is displayed.

Pass

21

User clicks on "OK"
button.

System displays the C-aiS application
dashboard.

Pass

Appendix Figure 12: Functional Evaluation Test Case for Programme Dashboard
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Appendix 13

access

Programme Dashboard"

i
following icons:
11

Google Maps"
"Weather"

"GPS Photo"
"GPSSMS"
"GPS Viewer"

Pass

2
i I
page.

window is

main

Pass

main

Pass

Appendix Figure 13: Functional Evaluation Test Case for Services
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Appendix 14
Live Traffic Map for c-ais.blogspot.com

-m ~IJnited States

[:34%]

111!.iilunlt12d Kingdom [a%)
g;,;;zndia [S%J
'IIIBRussia [.S%]
Ill [)France [5%]

11 ~Malaysia [4%]

Appendix Figure

on the 19'" March 2009)
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Proceedings of The Joint International Conference on Construction Culture,
Innovation and Management (CC/M 2006), In Mohammed Dulaimi (Eds.) 2629 November, Dubai, UAE, 425-435. (http://www.buid.ac.ae/conf/)

2. Fathi, M. S., Anumba, C. J., Carrillo, P., and Aziz, Z. (2007) "Construction
Programme Management -
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